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FOREWORD 
By Dr. J. A. SAXTON, D.Sc., Ph.D., A.R.C.S., F.I.E.E. 

Director, Radio and Space Research Station 

A
MATEUR interest in radio, which many would claim to be the most interesting of all scientific 

bobbies, shows no sign of abating while new scientific and technological developments in the 
fi eld continue apace. I t is therefore not surprising that the Society bas now found it desirable to 

bring out a fourth edition of the Handbook to succeed the third edition of J 961. At the time the third 
edition was written the seeds of a number of important advances had already been sown: thus the 
potentia lities of space communications were becoming apparent, as was also the impact of new techniques 
in design, including such things as miniaturization, printed circuits and advanced solid state devices. 
The intervening years have seen many of these developments come to fruition, offering in the process 
new possibilities to amateurs as well as to professional communications engineers. Thus there have 
already been amateur communication satellites, though none yet launched by the United Kingdom, 
and there will doubtless be more, and amateurs the world over have exploited the opportunity of using 
them: moon-bounce experiments have also taken place and there is every incentive to press forward 
with the application of the latest ground-station techniques. Quite apart from all this, worthwhile 
refinements and improvements of previously existing radio technology have occurred over the same 
period and in the new edition of the hand book the Society has aimed to bring readers up to date a ll round. 

The fourth edition therefore represents a very considerable advance on the preceding one and it is more 
than fifty per cent bigger. T here is a new chapter on RITY and most of the others have been extensively 
re-writlen and extended. For example, single sideband techniques are becoming of wider interest to 
amateurs and in the new volume the treatment of this subject has been greatly developed. T here is much 
new material on aerials, t ransmitters and receivers, particularly for the h.f. band; and u.h.f. techniques, 
where amateur activity is also increasing, are comprehensively covered. Rather more is said than 
previously about wave propagation, a most important matter fo r a good understanding of propagation 
phenomena is basic to a full appreciation of the possibili ties (and vagaries) of radio communication. 
Over the entire frequency range now available to amateurs this now demands some knowledge of upper 
atmospheric physics, sun-earth relationships and, in the troposphere, of radio meteorology. The reader 
may not find these matters covered in great depth in this volume, and wou ld not expect to do so, but he 
will find enougb to bring out many of the salient features and perhaps to whet his appetite for further 
information to be sought in more advanced treatises. 

The handbook is not only invaluable to the amateur; it is a lso an extremely useful part of the professional 
library, being particularly suitable as an introduction to the many varied aspects of radio communication, 
and the young aspiring communications engineer will find in this book much that is essential to provide 
a sound basis for his subject. There is no doubt that, in the tradition of its predecessors, to which this 
volume is a worthy successor, the handbook is eminently suitable to find a place on every amateur's 
bookshelf and tbat it will be a great support to him in the pursuit of his hobby. 

6th May, 1968 J. A. SAXTON 





CHAPTER I 

PRINCIPLES 

A KNOWLEDGE of the fundamental physical principles 
underlying radio communication is just as important 

to the amateur as to the professional radio engineer. It 
forms the starting point of all design work and is essential 
for proper maintenance and successful operatiog. 

In the limited space available here it is not possible to 
discuss these basic principles in great detail, but a number 
of references are included in the bibliography at the end of 
the chapter as a guide to those readers who would like to 
make a further study of any particular part of the subject. 
Most public libraries will be only loo glad to obtain the 
books listed if they are not already on their shelves. 

The pattern of headings follows the syllabus of the Radio 
Amateurs' Examination very closely, and it is hoped that 
newcomers will find this chapter a useful introduction to 
Amateur Radio. More experienced readers may find it 
useful as a refresher course. 

ELECTRON 

NUCLEUS 
(1 PROTON) 

HYDROGEN ATOM 

NUCLEUS 
(2 PROTONS 

2 NEUTRONS) 
HELIUM ATOM 

Fir. I . I . Structure of hydrocen and ho llum :at oms. 

ATOMS AND ELECTRONS 

All matter is composed of molecules, which is the name 
given to the smallest quantity of a substance which can exist 
and still display the physical and chemical properties of that 
substance. T here is a very great number of different sorts 
of molecules. Further study of a molecule discloses that it 
is made up of smaller particles called atoms and it bas been 
found that there arc about 102 different types of a toms. All 
molecules are made up of combinations of atoms selected 
from this range. Examples of different atoms are atoms of 
hydrogen, oxygen, iron, copper and sulphur, and examples 
of how atoms are combined to form molecules are (a) two 
atoms of hydrogen and one of oxygen to form one molecule 
of water, aod (b) two atoms of hydrogen, one of sulphur 
and four of oxygeo to form one molecule of sulphuric acid. 

Atoms are so small tbat they cannot be seen even under 
the most powerful microscopes. Their behaviour, however, 
can be studied and from this it has been discovered that 
atoms are made up of a positively charged relatively heavy 

core or nucleus around which are moving a number of much 
lighter particles each negatively charged, called electrons. 
Atoms arc normally electrically neutral; that is to say, the 
amount of positive electricity associated with the nucleus is 
exactly balanced by the total amount of negative electricity 
associated with the electrons. One type of atom differs 
from another in the number of positive and neutral particles 
(called protons and 11e11tro11s) which make up the nucleus 
and the number and arrangement of the orbital electrons 
which are continually moving around the nucleus. 

Large atoms, such as those of uranium, are complex, but 
small atoms, such as those of hydrogen and helium, are 
relatively simple, as can be seen in Fig. 1.1. 

The important fact which emerges from the preceding 
paragraphs is that all matter is made up of positively and 
negatively charged particles, which means that electricity is 
latent in everything around us. 

CONDUCTORS AND INSULATORS 

The ease with which the electrons in a substance can be 
detached from their parent atoms varies from substance to 
substance. In some substances there is a continual movement 
of electrons in a random manner from one atom to another, 
and the application of an electrical pressure or voltage (for 
example from a battery) to the two ends of a piece of wire 
made of such a substance will cause a drift of electrons along 
the wire called an electric current; electrical conduction is 
then said to take place. It should be noted that if an electron 
enters the wire from the battery at one end it will be a different 
electron which immediately leaves the other end of the wire. 
By arbitrary convention, the direction of current Dow is 
said to be from positive to negative. 

Materials which exhibit this property of electrical con
duction arc called conductors. All metals belong to this 

Conductors Insulators 

Silver 1\fica 
Copper Quartz 
Aluminium Glass 
Brass Ceramics 
Steel Ebonite 
Mercury Plastics 
Carbon Air 
Certain liquids Oil 

class. Materials which do not conduct electricity are called 
i11s11!ators, and the table shown above gives a few examples 
of commonly used conductors and insulators. 

SOURCES OF ELECTRICITY 

When two dissimilar metals are immersed in certain 
chemical solutions, or electroly tes, an electromotive force 
(e.m.f.) is created by chemical action within the cell so that 

1.1 
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if the pieces of metal nrc joined externally lo the cell there 
will be a continuous flow of electric current. Such a device 
is called a simple cell and such a cell comprising copper and 
zinc rods immersed in diluted sulphuric acid is shown in 
Fig. 1.2 (A). The flow of current is from the copper 10 the 
zinc plate in the external circuit; i.e. the copper forms the 
positive ( + ) terminal of the cell and the zinc forms the 
negative ( - ) terminal. 

In a simple cell of this type hydrogen forms on the copper 
electrode, and this gas film has the effect of increasing the 
internal resistance of the cell and also selling up within the 
cell a counter or polarizing e.m.f. which rapidly reduces the 
effective e.m.f. of the cell as a whole. This polarization 
effect is overcome in practical cells by the introduction of 
chemical agents surrounding the anode for the purpose of 
removing the hydrogen by oxidation as soon as it is formed. 
Such agents arc called depolarizers. 

Primary Cells. Practical cells in which electricity is 
produced in this way by clirnct chemical action are called 
primary cells; a common example is the Leclanche cell, 
the construction of which is shown diagrammatically in 
Fig. 1.2 (B). T he zinc case is the negative electrode and a 
carbon rod is the positive electrode. The black paste sur
rounding the carbon rod may contain powdered carbon, 
manganese oxide, zinc chloride, sal-ammoniac and waler, 
the manganese oxide acting as depolarizer by combining 
with hydrogen formed at the anode to produce another 
form of manganese oxide and water. The remainder of the 
cell is filled with a white paste which may contain plaster of 
Paris, flour, zinc chloride, sal-ammoniac and water. The 
cell is sealed with pitch except for a small vent which allows 
accumulated gas to escape. The e.m.f. developed by a single 
dry cell is about I· 5 volts and cells may be connected in 
series (positive terminal to negative terminal and so on) 
until a ba!tery of cells, usually referred lo simply as a 
battery, of the desired voltage is obtained. The symbol used 
to denote a cell in a circuit diagram is shown in Fig. 1.2 (C). 
The long thin st roke represents the positive terminal and the 
short thick stroke the negative terminal. Several cells joined 
in series to form a ball cry arc shown; fo r higher voltages it 
becomes impracticable to draw all the individual cells 
involved and it is sutncient to indic:1te merely the first and 
last cells wi1h a dotted line between them with perhaps a 
note added to state the actunl vo ltage. T he amount of 
current which can be derived from a dry cell depends on ifs 

CURRENT INDICATOR 

Go 

HYDROGEN 
BUBBLES 

ZINC COPPER 
PLATE PLATE 

DILUTE 
SULPHURIC 

(A) 
ACID 

CONTAINER 

size and the life required and may range from a few 
milliamperes to an ampere or two. 

Secondary Cells. Jn primary cells some of the various 
chemicals are used up in producing the electrical energy
a relatively expensive and wasteful process. The maximum 
current available also is limited. Another type of cell, 
called a secondary cell, .worage cell or acc1111111ldtor, offers the 
advantage of being able to provide a higher currem and 
is capable of being charged by feeding electrical energy into 
the cell to be stored chemically, and be drawn out or dis
charged later as electrical energy again. This process of 
charging and discharging the cell is capable of repetition 
almost indefinitely. 

The most common type of secondary cell is the lead-acid 
cell such as that used in motor-car batteries. It consists of 
two sets of specially prepared lead plates immersed in a 
mixture of sulphuric acid and water. Briefly the action of the 
cell is as follows: in the discharged state the active material 
on each plate is lead sulphate. During tbe charging process 
the lead sulphate in the positive plate is changed to lead 
peroxide and sulphuric acid, and the lead sulphate in the 
negative plate Lo a form of lead called spongy lead and 
sulphuric acid. During discharge the reverse action takes 
place and lead sulphate forms again on both pla tes. The 
state of the charge of the cell may be checked by measuring 
the specific gravity of the electrolyte with a hydrometer 
since the concentration of sulphuric acid increases during 
charging and decreases again as the cell is discharged. 
Typical values of specific gravity are 1 ·250 for a fully charged 
cell and J · 175 for a discharged cell The terminal voltage of 
a single lead-acid cell when fully charged and left standing is 
about 2·05 volts. I n the discharged condition the volt:age 
falls to about l ·85 volts. 

To obtain a Jong life cells should not be overcharged since 
this causes flaking and buckli0,g of the plates. Cells should 
not be left in a discharged state because the lead sulphate 
may undergo a physical change which it is difficult to break 
down in the re-charging process and the capacity of the cell 
will be impaired; cells in this condition arc said lo be 
"sulphated," a condition which may sometimes be partially 
eradicated by prolonged charging at a low current. 

Mechanical Generators. Mechanical energy may be con
verted into electrical energy by moving a coil of wire in a 
magnetic field. Direct-current or alternating-current gener
ators are available in all sizes but the commonest types 

---=I~ 
ZINC CASE 

WHITE PASTE -=11110.:t..._ 
BLACK PASTE 

CARBON ROD 

INSULATION ( c )h2ov--lf±--
Fig. LL T he electric cell. A number o f cells connected in series is called a battery. (a} A simple efe.ctric cc_lf consisting of copper and 
z inc elecn-ode! immersed in dilute sulphuric :a.cid. (b) Scc-tional drawing showing conn ruction of a dry cell. (c) Symbols used t.o rep re.sent 

sincle cells :ind batteries in circuit diagram.s. 
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likely to be met in amateur radio work arc (i) a.c. pct rol
driven generators of up to J or 2 kW output such as arc used 
for supplying portable equipment and (ii) small motor 
generators, sometimes called dynamotors, which furni sh 
up to about LOO watts of power and comprise a combined 
low-voltage d.c. electric motor and a d.c. genera to r so that 
a high-tension supply may be derived from a 6- or 12-volt 
car battery. 

ELECT RICAL UNITS 
(a) Unit of Quantity. Since a ll electrons, whatever kind of 

atom they belong to, carry the same charge, the amount of 
electricity associated with the electron could be used as the 
unit of quantity of elect ricity. It is, howe\lcr, too small for 
use as a practical unit, and a more convenient unit is called 
the coulomb; this is equivalent to the charge on approxi
mately 6 X 1016 (six million million million) electrons. The 
analogy here between the molecule of water as a u111t of 
quantity of water and the practical un it, the gallon, is 
obvious. 

A q uantity of electricity or number o f coulombs is usually 
denoted by tbe symbol q. 

(b) Unit of Current Flow. Continuing with the water 
analogy, whereas a flow of water is spoken of as •· x gallons 
per second " the flow of electrici ty can be expressed as "x 
coulombs per second." A current of one coulomb per second 
is called an ampere (abbreviated to amp.) and the strength of 
a current is said to be "x amperes." A current flow is 
usually denoted by the symbol I . The currents used in radio 
are often very small fractions of an ampere and for conveni
ence the two smaller units milliampere (meaning a thousandth 
of an ampere) and microampere (meaning a millionth of an 
ampere) are used. Thus a current of 0·003 ampere is written 
as 3 milliamperes. See Table 1.1 for abbreviallons. 

T he relation between the tota l quantity of electricity 
(q) which has passed a poiJ1t in a wire, the time of flow (t) 
and the rate of flow (/) is thcreforc-

Quantity (coulombs) = Current Flow (amperes) x 
Time (seconds) 

or in symbols-
q =I x t. 

(c) Unit of Electric Pressure. In order to make electric ity 
flow continuously through a circuit it is necessary to have 
some dc\lice which can produce a continuous supply of 
electrons. This may be a battery in which the supply of 
electrons is produced by chemical action or a dynamo or 
generator in wh ich mechanical energy is turned into 
electrical energy. The battery or generator produces an 
electrical pressure sometimes cal led an c lcctromol'ive 
force or e.m.f. which may be used to force a current through 
a circuit. The unit of electrical pressure is the 110/t, ancl 
voltages are usually denoted in formulae by the symbol 
Eor V. 

(d) Unit of Electrical Resistance. T he case wi th which an 
electric current will flow, or can be conducted, through a 
wire will depend on the d imensions of the wire and the 
material from which it is made. The opposition of a circuit 
to the flow of current is caUed the resistance of the circuit 
and is usuaUy denoted by the symbol R in formulae. The 
resistance of a circuit is measured in ohms, and a circuit is 
said to ha\le a resistance of 1 ohm if the vol tage between 
its ends is I volt when the current flowing is I amp. For 
convenience, because the resistances used in radio equip
ment may be up to 10 million ohms two larger units called 

l>RINClPLES 
TABLE I.I 

Units a nd Symbols 

Symbol used 
Quantity in formuhe Unit Abbreviation 

Quantity q Coulomb 
Current I Ampere A 
Voltage Eor V Volt v 
Time t Second s 
Resistance R Ohm Q 

Capacitance c Farad F 
Inductance L Henry H 
Mmual Inductance M Henry H 
Power w Wall w 
Frequency I Cycle/second c/s 
Frequency I Hertz Hz 

(One Hertz equals one cycle per second) 
Wavelength ,\ Metre m 

The following multiples and sub-multiples of the above 
units arc commonly used : 

Microampcrc (J,A) = I millionth of an ampere 
Milliampere (mA) =I thousandth of an ampere 
Microvolt (p V) = I millionth of a volt 
Millivol t (mV) = l thousandth ofa volt 
Kilovolt (kV) = 1,000 volts 
Megohm (MSl.) = 1,000,000 ohms 
M icrofarad (J.'F) = 1 millionth of a farad 
Micro-microfarad (1•1,F) = I million-millionth of a farad 
Picofarad (pF) = I million-millionth ofa farad 
M icrosccond (1LS) = I millionth of a second 
M il lisecond (mS) = I thousandth ofa second 
Milliwatt (mW) = I thousand th of a watt 
Megacycle/second (Mc/s) = 1,000,000 cycles per second 
Megahertz (MHz)= 1,000,000Hcrtz 
Kilocycle/second (kc/s) = l OOOcycles per second 
Kilohertz (kHz) = 1000 Hertz 
Microwatt (µW) = 1 millionth ofa wall 
K ilowatt (kW) = 1000 watts 
Metre (m) = JOOccntimetrcs 
Kilometre (km) = lOOOmetres 

the ki/0'1111 (meaning 1000 ohms) and the Megohm (meaning 
I mill ion ohms) are used. Thus 47,000 ohms may be spoken 
of as 47 ki lohms. Sec Tnblc l.J. for abbreviations. 

RESISTANCE AND CONDUCTANCE 
Different materials may be compared as conductors by 

measuring the resistance of samples of the materials of the 
same size and shape. The resistance (in ohms) of conducting 
material of one cent imetre in length and one square centi
metre in cross-sectional area is called the specific resistance 
or resistivity of the material. Specific resistance is quoted as 
x ohms per centimetre cube or more simply as x ohm-cm. 
If the specific resistance of a material is known, t h~ a: tual 
resistance of, say, a piece of wire made from that , naterial 
can be calculated since the resistance of a wire increases 
pro portionally with its length and inversely with its cross
sectional area. 

If the length of a wire is I cm, its cross-sectional a rt'ii a sq. 

1.3 



RSGB-RADIO COMMUNICATION HANDBOOK 

cm, and its specific resistance Sohm-cm, its actual resistance 
will be given by the formula-

R = S x / ohms 
a 

Approximate specific resistances of typical materials used in 
radio equipment arc given in Table 1.2. At radio frequencies 
the resistance of a wi re may be very much greater than its 
direct-current va lue because radio-frequency currents only 
travel along the surface shell of the wire and not through the 
whole body as in the case of direct current. This is called the 
skin effect and is important in making high-quality radio 
coils. 

Sometimes inslcad of speaking of the resistance of a circuit 
the conductance of the circuit is referred to: this is simply 
the reciprocal of the resistance. The unit of conductance is 
the mlto, and conductance is usually denoted in formulae 
by the symbol G. 

The relation between resistance and conductance is there
fore--

1 
or conversely- R = G 

Thus a resistance or 10 ohms has a conductance of 
O·l mho. 

TABLE 1.2 
Specific Resistance of Commonly Used Conductors 

Silver 
Copper 
Aluminium 
Brass 
Iron 
Special high-resistance alloys: 

Manganin 
Eureka 
Nichrome 

l ·6 x 10-• ohm-cm 
t·7 x io·• 

3 x io·• 
7 x 10- • 

12 x 10· 1 

48 x 10· • 
49 x 10-• 

108 x 10- • 

01\m's Law 

Ohm's Law states that the ratio of the voltage applied 
across a resistance to the current Jlowing through that 
resistance is constant. This ratio is equal to the value of the 
resistance. 

Writing this as a formula-

Voltage = a constant = Resistance 
Current 

or in symbols-

E = R 
I 

Note that if Eis in volts and I in amperes, then R is in ohms. 
It will be seen that this formula relates current, voltage 

and resistance, so that if two of these quantities are known 
the tbir:l may be calculated by suitably rearranging the 
formula in the following ways: 

1.4 

E = I x R (giving £, knowing I and R) . . . (i) 

I = ~ (giving J, knowing E and R) . . (ii) 

R =- fi (giving R, knowing E and f) 
I 

.. (iii) 

ANODE SmA l mA SCRS:EN 
CURRENT CURRENT 

!DIRECTION 

(A) 

I OF. ELECTRON 
FLOW 

TOTAL -=f ~oon ElblC15 

CATHODE ~•~~--'-
CURRENT ( ) 
IS -::::::- B 
5 +I• 6mA 

Fig. 1.3. Applications of Ohm's Law. 

The application of Ohm's Law is illustrated by the 
following examples. 

Exnmplc I. Consider tire circuit shown ill Fig. 1.3 (A) which 
consists of a batlery E of 110/tage 4 volts and a resistance R 
of 8 ohms. What is tire magnitude of the current in the 
circuit? 

Here E = 4 vol ts and R = 8 ohms. Let I be the cWTent 
flowing in amperes. Then from Ohm's Law (Formula ii}-

£ 4 1 
I = - amperes = - amperes = - ampere 

R 8 2 
lt should be noted that in all calculations based on Ohm's 
Law care must be taken to ensure that I, E and R are in 
amperes, vol ts and ohms respectively if errors in the result 
are to be avoided. 

Example Il (from a Radio Amateurs' Examination paper). 
What is the standing bias voltage produced by a cathode bias 
resistor of 1000 ohms when tire characteristics of the valve 
are such that the anode current is 5 mA and the screen-grid 
current is I mA ? 

The circuit is shown in Fig. 1.3 (B) in which the total 
cathode current is the sum of the anode and screen-grid 
currents. The cathode current flowing through the cathode 
resistor will cause a voltage to appear across its terminals 
which is the required standing bias voltage. 

Let Eb;as = standing bias voltage in volts, 
le = total cathode current in amperes, 

Re = resistance of the cathode resistor in ohms. 
Then from Ohm's Law-

£61•• = (I, x R,) volts 
Here / 0 = (5 + I) -= 6 milliamperes = 0·006 ampere. 

R, = 1000 ohms. 
Substituting in the formula-

E•i.. .. 0·006 x 1000 = 6 volts 

Electrical Power 

When a current of electricity flows through a resistance 
e.g. in an electric fire, the resistance gets hot and electrical 
energy is turned into heat. The actual rise in temperature 
depends on the amount of power dissipated in the resistance 
and the shape and size or the resistance. Sometimes the 
power dissipated is so small that the temperature rise is not 
very noticeable, but nevertheless whenever an electric current 
flows through a resistance power is dissipated therein. The 
unit of electrical power is the watt, usually denoted in 
formulae by the symbol W. The amount of electrical power 



dissipated in a resistance is equal to the product of the 
voltage across the resistance and the current flowing through 
the resistance. Tims-

Power (watts) = Voltage (volts) x Current (amperes) 
or in symbols-

W = E x l (i) 
Since from Ohm's law-

£ = I x R and I = E/ R 
the formula for the power dissipated in a resistance may also 
be written in two further forms: 

W = £2/R 

W= I' x R 

. . . (ii) 

... (iii) 

These formulae are useful for finding, for example, the 
power input to a transmitter or the power dissipated in 
various resistances in an amplifier so that suitably rated 
resistances can be selected. To take a practical case, con
sider again the circuit of Fig. 1.3 (A). The power dissipated 
in the resistance may be calculated as follows: 

Here E = 4 volts and R = 8 ohms. Let W be the power in 
watts. Theo-

W = E' = 4 x 4 = 2 watts. 
R 8 

It must be stressed again that the beginner should always 
see that all values are expressed in terms of volts, amperes 
and ohms in this type of calculation. Careless use of 
Megohms or milliamperes, for example, may lead to an 
answer several orders too large or too small. 
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PRINCIPLES 
Decibels and N epers 

In radio and line transmission engineering power ratios 
are often expressed in terms of units proportional to the 
logarithm of their ratio. lo this way gains and losses in 
amplifiers, networks and transmission paths can be added 
and subtracted instead ofhavmg to be multiplied together. 

Two such units are in common use. The first is the 
decibel, abbreviated db, based on common logarithms and 
widely used in the British Commonwealth and in the USA . 
The second is the neper, based on natural logarithms and 
widely used in continental Europe. 

TABLE 1.3 

Decibels I 2 3 

Power Ratios 1·26 1-58 2 

Eor I Ratios 1·12 l ·26 v2 

6 10 

4 IO 
-

2 3'16 

~' I 

l 

40 

10' 

100 l 
If there are two power levels, P1 and P2 , for example at 

the input and output of an amplifier, the power ratio io 
decibels, N, is given by the expression: 

P1 
N = 10 log10 Pi db 

Expressed in nepers 

P, 
N = i loge - nepers 

P, 
Nepers can be converted easily into decibels, and vice 

versa, since from the two equations above it follows that: 

I neper = 8·69 decibels 

Curve A in Fig. 1.4 can be used for determining the 
number of decibels corresponding to a given power ratio 
and vice-versa. 

Since power can be expressed in terms of current in, or 
voltage across a resistance, it follows that, for a given value 
of resistance, voltage and current ratio can also be expressed 
in decibels (or nepers). 

If and 

then for a current ratio of / ,//2 

I, 
N = 20 log10 I; db 

and for a voltage ratio of Ei/E: 

Ei 
N = 20 log10 E, db 

Fig. 1.4, curve B, shows the relationship between decibels 
and voltage and current ratios. 

Table 1.3 gives some useful approximate power, voltage 
and current ratios in terms of decibels. 

It should be noted that strictly speaking current and 
voltage ratios should only be expressed in decibels when the 
resistance at which they are measured is the same. lo 
practice, however, the voltage gains of amplifiers havin~ ve~y 
different input and output resistances are often quoted m this 
way; it is an arbitrary use of the decibel which alt~ough 
sometimes convenient in practice often leads to confusi on. 

1.1 
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TABLE 1.4 

The Resistor Colour Code 

0 black 
l brown 
2 red 
3 orange 
4 yellow 

S green 
6 blue 
7 violet 
8 grey 
9 white 

Tolerance colours: 
± S per cent .. gold 
± 10 per cent .. silver 
± 20 per cent .. no colour 

Resistors Used in Radio Equipment 

As already mentioned, a resistor through which a 
current is flowing may get hot. Lt follows therefore that in a 
piece of radio equipment the resistors of various types and 
sizes that arc needed must be capable of dissipating the 
power as required without overheating. 

Generally speaking, radio resis tances (or resistors as Ibey 
are usually called) can be divided roughly into two classes, 
(a) low power up to 3 watts and (b) above 3 watts. The 
low-power resistors arc usually made of carbon and may be 
obtained in a wide range of resistance values from about 
10 ohms to 10 Megohms and in power ratings of ·i'tr watt to 
3 walls. Typical carbon resistors arc shown below in 
Fig. 1.5. For higher powers, resistors arc usually wire
wound on ceramic formers and the very fine wire is pro
tected by a vitreous enamel coating. Typical wire-wound 
resistors are shown on the right. 

Resis tors, particularly the small carbon types, arc 
usually colour-coded to indicate the value of the resistance 
in ohms and sometimes also the tolerance or accuracy of the 
resistance. T he standard colour code is shown in Table 1.4. 

The colours are applied either as bands at one end of the 
resistor as shown in Fig. 1.6 (A), or as body, tip and dot 
colours as shown in Fig. 1.6 (U). As an example, what would 
be tbe value of a resistor with the following markings? 

(A) CoLOUR BANDS-)•ellow (B) BooY- blue 
violet T IP- grey 
orange DoT-red 
sifrer (No tolerance colour 011 

other tip.) 

TYPE A. The yellow lirs t band signifies that the first 

- "'I !'t ~>/•(l , I ....... _. 

" • t -

L ! 

~ 
Fie . 1.5. Typical resistors used In radio equipment.- The spec;: 
mens shown on the left are carbon re1i1tor1 and those on the richt 

ar,e w lre·wound. 
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figure is 4, the violet second band signifies that the second 
figure is 7, while the orange t hird band signifies that there 
are three zeros 10 follow: the silve r fourth band indicates a 
tolerance of ± 10 per cent. The value of tbe resistor is 
therefore 47,000 ohms ± 10 per cent (47 K ohms ± 10 per 
cent). 

T YPE B. The blue body gives the first figure as 6, the grey 
tip gives the second figure as 8, while the red dot signifies 
tbat there are two zeros to follow: in the absence of any 
colour on the other tip the tolerance must be taken as ± 20 
per cent. The value of the resistor is therefore 6,800 ohms 
±20 per cent (6-8 K ohms ± 20 per cent). 

So far only fixed resistors have been mentioned. Variable 
resistors, sometimes called po1e111io111eiers or volume controls, 
are also used. These are usually panel-mounted by means 
of a threaded bush through which a iHn. diameter spindle 

(A) 

COLOURED - BAND 
TYPE 

BODY, TIP I DOT 
TYPE 

Fis. 1.6. S~ndard resistance value markincs. 

protrudes an d to which the control knob is fitted. Low
power bigb-vaJue variable resistances use a carbon resist
ance clement and high-power lower resistance types (up to 
100,000 ohms) use a wire-wound element. 

Resistances in Series and Parallel 

Resistors may be joined in series o r parallel to obtain 
some special desired value of resistance. When in series, 
resistors are connected as shown in Fig. 1.7 (A) and the total 
resistance of the resistors is equal to the sum of the separate 
resistances. The parallel connection is shown in Fig. 1.7 (B), 
and wi th this arrangement the reciprocal of the total 
resistance is equal to the sum o r the reciprocals of the separate 
resistances. 

If R is the total resistance, these formulae can be written 
as follows: 

SERIES CONNECTION PARALLEL. CONNECTION 

I I J 1 - = - + - + - + etc. 
R R1 R2 R3 

Considering the case of only two resistors in parallel-

l I I R.-1· R, -=-+- = ---
R R, R: R,R, 

which by inversion gives-

R = R,R, 
R1 + R, 

This is a useful formula, since wi th it the value of two 



(A) 
RI R2 R3 
~ 

R• R1 + R2 + R3 etc 

70ohm5 30 ohms 
~ 

70ohms 

-G;J-
(c) 

R w -
7ohms 

6 ohms 14 ohms 

28ohm1 

(o) 
Fir . 1.7. Res istors in various combinations: (A) s eries, (B) paralle l, 
(C) series a nd parallel (0 ) series-parall el. T he ca lcu lation of t he 

r esultant resista nces in (C) and (D) is expla ined in the text. 

resistors in parallel can easi ly be calculaled without the use 
of reciprocals. 

To illustrate these ru les two examples arc given below. 
Example I. Calculate the resistai1ce of a 30 ohm and a 

70 ohm resistor co1111ected first in series and 1he11 in parallel. 
In series connection-

R = 30 + 70 = I 00 ohms 

ln parallel connection, using the speciul formula for two 
resistors in parallel-

R = ....!!.!!!..:._ 
R, + R, 

~O x 70 = 21 ohms 
30 + 70 

These two calculations arc illustrated in Fig. 1.7 (C). 
Example ll. Three resistors of 7, 14 and 28 ohms are 

co1111ec1ed i11 parallel. ~f another resistor of 6 ohms is 
connected in series with tliis combi11a1io11 what is the total 
resistance of the circ11it ? 

The circuit is shown in Fig. 1.7 (D). Taking the three 
resistors in parallel first, these arc equivalent 10 a single 
resistance of R ohms given by-

..!.. = ..!..+..!.. + ..!.. = 4 + 2 + I = ..!_ 
R 7 14 28 28 4 

Therefore-
R = 4 ohrns 

This in series with the 6 ohm resistor gives a total resistance 
of JO ohms for the whole circuit. 

CAPACITORS AND CAPACITANCE 

Capacitors (or condensers) have the properly of being 
able to store a charge of electricity. T hey consist essentially 
of two conducting plates or stl'ips separated by an insulating 
medium called a dielectric. When a capacitor is charged 
there is a voltage difference between its plates, and the larger 
the plates and/or the smaller their separation the greater will 
be the charge that the capacitor holds for any given voltage 
across it' plates. 

The unit of capacitance (Or capacity) is called the farad 

PRINCIPLES 
and is the capacitance of a capacitor which holds a charge of 
one coulomb when. the voltage across its plates is one volt. 
A farad is too large a unit for practical purposes and capaci
tors are usually measured in microfarads (µF), one millionth 
of a farad and in rnicro-microfarads (µµF) or picofarads 
(pF), one million-millionth of a farad. 

The capacitance of a capacitor depends on the area of its 
plates and on the distance by which they arc separated and 
the material between them. When the space between the 
plates of a capacitor is occupied by some other insulating 
medium than air the capacity of the capacitor is increased, 
the area and spacing being assumed the same in both cases. 
The factor by which the dielectric increases the capacity 
compared with air is called the dielectric constant of the 
material. This factor is sometimes called the permilliloity of 
the material and is denoted by the symbol K. Typical values 
of Kare-air 1, paper 2·5, glass 5, mica 7. Certain ceramics 
have much higher values of K. If the dielectric is a vacuum, 
as in the case of the inter-electrode capacity 111 a valve the 
same value of K as for air may be assumed. (Strictly, K = l 
for a vacuum and is slightly higher for a ir.) The voltage 
at which a capacitor breaks down depends on the spacing 
between the plates and the type of dielectric used. Capacitors 
are often labelled with the maximum working voltage which 
they are designed to withstand and this figure should not be 
exceeded. 

Fig. 1.8 shows an elementary capacitor made of two 
parallel metal plates of area A sq. cm separated by a distance 
d cm. If the plates are of unequal area, only the smaller one 

Fig. I.I. Pa rallel-plate capacitor. 
T he capacitance is proportional 
to t'he area A and inve.rsely pro· 

/ A /f4+ 
d 

por·tional to the spacin& d. / ;ko-
should be taken into account since it is actually the cross
sectional area of the active dicleclric which determines the 
capacity. If the dielectric constant of the material between 
the plates is K, the capacitance of the capacitor will be-

e = 0·0885 KA pF 
d 

where A 1s in square centimetres and d is in centimetres. 
If A is in square inches and d is in inches lhc formula 
becomes-

C 0·224 KA r = d p -

As an example, suppose two metal plates each 1 square inch 
in area arc spaced 0 ·004 inch apart in air, the capacity would 
be-

C = 0·224 x 1 x 1 F = 56 F 
0·004 p p 

If mica (for which the value or K is 7) had been used us a 
dielectric the capacitance would bt.'-

C = 0·224 x 7 x l = 392 pF. 
0·004 

Capacitors used in Radio Equipment 
The values of capacitors used in radio equipment extend 

from about 1 pF to JOOO µF. They arc designed for various 
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;::= . 
F 

J 

Fir. 1.9. Typical capacitors used in r adio equipmen t. 
A -Metal-cased block paper, 

cha11is mountinr. 
B - Metal-cased tubular paper 

w ith lnaulatlnc sleeve. 

C-Disc ceramic. 
0-Tubular ceramic,, 
E -Electrolytic:. 

F - Precision three-sang tuning 
C:lpacitor, silver plated 
brass. 

G - Mica., encapsulated .. 
H- Mica, miniature encapsu• 

lated. 
I - Mica, wax coated. 
J -Tubular paper, 
K - Metal-cased tubular paper 

working voltages and are of many different types of con
struction. The important varieties arc described below. 
(a) Air-dielectric Capacitors (Capacity range 5-1000 pF 
max.). 

Air-dielectric capacitors arc usually of the variable type 
such as are used for tuning transmitters and receivers. High
voltage types for transmitters have relatively large spacings 
between the plates and the construction of a typical ganged 
air-spaced variable capacitor is shown at Fin Fig. 1.9. 
(b) Mica Capacitors (Capacity range 5-10,000 pF). 

Stacked-foil type. These are made from alternate thin 
metal plates and sheets of mica, stacked one above the 
other, clamped, and usually moulded in Bakelite as shown 
at G in Fig. 1.9. They are commonly used as bypass capacitors 
in radio-frequency circuits. 

Silvered-mica type. These are made by spraying a coat 
of silver on each side of a sheet of mica to form the electrodes 
or plates. Silvered-mica capacitors are highly stable in value 
and are used in r.f. equipment where high frequency 
stability is required, e.g. in oscillators. 
(c) Paper Capacitors (Capacity range 0·001 -10 µ.F). 

Paper capacitors, shown at A, B, J and K in Fig. 1.9, are 
made from long strips of thin a luminium foil and paper 
which are wound into a tight roll and then either moulded 
in Bakelite or sealed in cardboard or metal tubes, or for the 
larger sizes in rectangular metal cans. Another type of 
paper capacitor uses metallized paper electrodes in which the 
foils arc replaced by metal sprayed on each side of a strip 
of paper. This type is smaller than the foil type for a given 
capacity and working voltage. 
(d) Ceramic Capacitors (Capacity range I pF-0.01 J.LF). 

Ceramic capacitors are made by coating two sides of a 
ceramic disc, tube, or cup, with silver. Ceramic materials 
having a high dielectric constant are available so that 
relatively high capacities can be obtained in a small physical 
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size. They are used, for example, as bypass capacitors in 
very high frequency equipment, where small size and low 
inherent inductance are necessary. They should not be used 
in oscillators, however, as they usually vary considerably in 
capacity wilb temperature changes, the change being positive 
or negative depending on the type of ceramic material used. 
Ceramic capacitors are shown at C and Din Fig.1.9. Ceramic 
capacitors used for temperature compensation of stable 
oscillators. 
(e) Electrolytic Capacitors (Capacity range 2- 2000 1•F). 

Electrolytic capacitors are made of aluminium-foil plates 
and have a semi-liquid conducting compound, often in the 
form of a special impregnated paper, between them. The 
dielectric is a thin insulating layer which is formed by 
electro-chemical action on one of the foils when a d.c. 
polarizing voltage is applied to the capacitor. This film 
is so thin that it is possible to make large-capacity electro
lytic capacitors of small physical size. There is an upper limit 
to the working voltage of electrolytic capacitors of about 
700 volts and there is also some leakage of current between 
the plates inside the capacitor. An electrolytic capacitor is 

ELECTRICAL 
EQUIVALENT 

~~...SHASSIS 

WIRE/ ~ 

( 
STRAIGHT
THROUGH 
WIRE 

CERAMIC TUBE 
CONDENSER 

Fir. l .10 (a). Feed-throuch capacitor 

MOVING 
PLATES 

CONNECTIONS TO 
FIXED PLATES 

Fir. 1.1 0 (c) . Pu1h0 pull circuit 
using a spht·stator capacitor .. 

Fir. l. IO( b). Bulcconstruc
tion of a spli~stator cap· 

acitor. 

Fir. l.IO(d). Puoh-pull circuit 
u1in1 an ord inary 1fn1I• 

1ectlon capa citor. 



shown at B in Fig. 1.9. Electrolytic capacitors are generally 
used for reducing the ripple voltage in power supply 
units, and also for decoupling purposes. ln d .c. circuits 
the correct polarity of electrolytic capacitors must be 
observed, or permanent damage will result: the capacitor 
may even explode. The maximum working voltage must 
oot be exceeded or similar results may ensue. 
(f) Feed-through Capacitors 

There is always a small amount of inductance associated 
with a capacitor, partly in the connecting leads and partly 
in the capacitor. At very high frequencies (above about 
30 Mc/s) it is often difficult to obtain an effective low
reactance path to earth through a bypass capacitor because 
of this stray inductance. Feed-through capacitors are 
special ly designed to overcome this difficulty. T hey consist 
of a ceramic tube, silvered inside and outside to give the 
required capacity. The tube is soldered to a bush which may 
be bolted to a chassis and thereby give a very low inductance 
path from the outside silvering to earth. The inner silvering 
is connected to a wire which passes through the tube and 
protrudes at each end as shown in Fig. 1.10 (n), the whole 
device forming a very convenient method of decoupling or 
filtering supply leads where they enter or leave a screened 
compartment. 
(g) Split-sfator Capacitor 

A split-stator capacitor is a special type of variable 
capacitor which is used mainly in push-pull radio-frequency 
amplifier circuits in transmitters. It is made up of two separ
ate sets affixed and moving plates as shown diagrammatically 
in Fig. 1.10 (b). The advantages of the push-pull circuit of 
Fig. 1.10 (c) using a split-stator capacitor over that of 
Fig. 1.10 (d) using an ordinary variable capacitor are that 
the circuit is symmetrically balanced to earth and the shaft 
1s at earth potential. ln the case of the circuit with the 
split-stator capacitor the balance of the circuit is not so 
dependent on the position of the tapping point on the coil. 

Capacitors in Series and Parallel 
Capacitors can be connected in series or parallel, as shown 

in Fig. 1.11, either to obtain some special capacity value using 

Cl C2 C3 

(A) 
o--11---11--11--o 

(e) 

C• C1 + C2 + CJ etc. J. .. .L + 1. + .L etc. 
C C1 C2 C3 

4pF A 8pF .1-, l :T :T lex l cv cp cx+cy 

12p/.L YJ. 24pF TJpF T6pF l 9pF 

(c)Y (o~ (E) 
Fi1. I . I I. Capacitor• in varioua combinations: (A) parallel, (B) 
serie1, (C) aeriea•;>arallel. The calculation of the re1ultant capaci· 
ta.nee of the combination 1hown in (C) requires fint the evaluation 
ol each ••riH arm X and Y aa shown in (D) l th• 1ln1le equivalent 

capaci tance or the combination i1 1hown in (E). 
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a standard range of capacitors, or perhaps in the case of 
series connection to obtain a capacitor capable of with· 
standing a greater voltage without breakdown than is 
provided by a single capacitor. When capacitors are con
nected in parallel, as in Fig. 1.11 (A), the total capacity of the 
combination is equal to the sum of the separate capacities. 
When capacitors are connected in series, as in Fig. 1.11 (8), 
the reciprocal of the equivalent capacity is equal to the sum 
of the reciprocals of the separate capacities. 

If C is the tota l capacity these formulae can be written 
as follows: 

p ARALLE1.. CoNNEcnON SERIES CoNNSC'tlON 

C = C, + C, + Ca etc. 
1 1 I 1 

- = - + - + - etc. c c, c. c, 
Similar to the formula for resistors in parall<!I, a useful 
equivalent formula for two capacitors i11 series is-

C = _s,c, 
c, + c. 

The use of these formulae is illustrated by an example 
taken from a Radio Amateurs' Examination paper. 

Example. Two capacitors of 4 and J 2 pF are connected in 
series; two others of 8 a11d 24 pF are also co11nected In series. 
What is the <!quivale/lf capacita11ce if these series combinations 
are joined i11 parallel? 

The circuit is shown in Fig. 1.11 (C). Using the formula 
for two capacitors in series the two series arms X and Y 
can be reduced to single equivalent capacities C x nnd Cr as 
shown in Fig. 1.11 (D). Thus-

C = 4 x 12 = 4 x 12 = 3 F 
.r 4 + 12 16 p 

C ... 8 x 24 = 8 x 24 = 6 F 
T 8 + 24 32 p 

These two capacitances may now be compounded in 
parallel to give the total effective capacity represented by 
the single capacitor Cr ia Fig. 1.11 (E). 

CT = C.r + Cr= 3 + 6 = 9 pF 

The total equivalent capacity of the four capacitors con
nected as described is therefore 9 pf. 

MAGNETISM 

Permanent Magnets. A magnet will attract pieces of iron 
towards it by exerting a magnetic force upon them. The field 
of this magnetic force cnn be demoostratccl by sprinkling 
iron filings on a piece of thin cardboard under which is 
placed a bar magnet. The iron filings will map out the 
magnetic field as sketched in Fig. 1.12 (A). It will be seen that 
the field is most intense near the ends of the magnet, the 
centr es of intensity being called the poles, and lines of force 
spread out on either side and continue through the material 
of the magnet from one end to the other. 

If such a magnet is suspended so that it can swing freely 
in a horizontal plane it will always come to rest pointing 
in one particular direction, namely towards the earth's 
magnetic poles, the earth itself acting as a magnet. A 
compass needle is simply a bar of magnetized steel. One 
end of the magnet (N) is called a north pole, which is an 
abbreviation of " north-seeking pole " and the other end 
(S) a south pole or "south-seeking pole." lt is an accepted 
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LINES OF 
MAG,NETIC FORCE 

I 

~ 
~ (A) 

Fir. 1.12 (A). Ma1netic field prod uced by a bar magnet. 

convention that magnetic force acts in the direction from N 
to Sas indicated by the a rrows on the lines of force in Fig. 
1.12 (A). 

If two magnets arc arranged so that the north pole of one 
is near the south pole or another, there will be a force of 
attraction between them, whereas if similar poles are 
opposite one another, the magnets wi ll repel one another: 
see J•ig. 1.12 (U). 

Magnets made from certain kinds or iron and nickel 
a lloys retain their magnetism more or less permanently, 
and find many uses in radio equipment, such as a loud
speakers, polarized relays, headphones, cathode-ray tube 
focusing arrangcmcn1s and magnetron oscillators. 

Other types of iron and nickel alloys, e.g. soft iron, arc 

~~ 
ATTRACTION 

lC:ffi- ~ 
REPULSION 

Fir. 1.12 (B). Attraction ;and repulsion between bar magn ets. 

not capable of retaining magnetism, and therefore cannot 
be used for making " permanent " magnets. They arc 
effective in transmitting magnetic force, however, and are 
used as cores in e lectromagnets and transformers. 

E lectromagnets. A current of electricity flowi ng th rough a 
straight wire exhibits a magnetic field, the lines of force of 
which arc in a plane perpendicular to the wire and con
centric with the wire. tr a piece of cardbcard is sprinkled 
with iron filings, as shown in F ig. 1.12 (C), they will arrange 
themselves in rings round the wire, thus illustrating the 
magnetic field associa ted with the flow of current in the wire. 
Observation of a small compass needle placed near the wire 

Fir. 1.12 (C). 

1.10 

co~~icrw ~ 

1+ 
DIRECTION + 
OF CURRENT 
FLOW~ 

Ma.1nctic field produced by current flowing in 
1tra.i1ht w ire. 

would indicate that fo r a current flow in the direction 
illustrated the magnetic force acts clockwise round the wire. 
A reversal of current would reverse the direction of the 
magnetic field. 

The corkscrew mle enables the direct ion of the magnetic 
field rouud a wire to be found. lmagine a "right-banded " 
corkscrew being driven into the wire so that it progresses in 
1hc direction of current now; the direction of the magnetic 
field around the wire will then be in the direction of rotation 
of the corkscrew. 

The magnetic field surrounding such a straight wire is 
rela tively weak, but a s trong magnetic field can be produced 
by a current if instead of a straight wire a coil of wire or 
solenoid is used: moreover the field can be greatly strength
ened if a piece of soft iron, called a core, is placed inside the 

S-RULE 

6) -,;. 
'-.. SOFT- IRON 

BAR OR 
CORE 

SOLENOID 

Fi r. 1.12 (DJ . The " S " rule for determining the polarity of an 
electromagnet. 

coil. The extent by which the strength of the solenoid magnet 
is increased by the int roduction of the core is called the 
permeability of the core (c/ dielectric constant). F ig. 1.12 (D) 
shows the magnetic field produced by a solenoid, which it 
will be seen is very similar to that of a bar magnet as shown 
in Fig. 1.12 (A). A north pole is produced at one end of the 
coil and a south pole at the other. Reversal of the current 
will reverse the polarity o f the electromagnet. The polarity 
of a solenoid can be deduced from the " S" rule, which 
stales that lhc pole which faces an observer looking at the 
encl of a solenoid is a south pole if to him the current is 
Aowing (i.e. from J)Ositivc to negat.ive) in a c lockwise 
direction; sec Fig. 1.12 (D). 

The strength or a magnetic lield produced by a current 
is directly proportional to the current, a fact made use of in 
moving coil meters. 1t also depends on the number of 
turns or wire, the area of the co il , and the permeability of the 
core. 

Interaction of Mngnctie Fields. Similar to the attraction 
and repulsion of permanent magnets, there can be inter
action be1wecn the fields of electromagnets o r between a 
permanent magnet and an electromagnet, and in just the 
same way the interaction is manifest as a force causing 
rela1ive motion between 1he two. This interaction forms the 
basis of several types of electromechanical devices whicb are 
used in radio such as loudspeakers, earphones, and moving
coil meters. 

The principle of the loudsperiker is shown in Fig. 1.13 (A). 
A st rong permanent magnet A forms part of a soft-iron 
magnetic circuit BCD which has a narrow annular gap 
between the c ircular pole-pieces C and D: a strong radial 
magnetic field is thereby produced in this gap. Speech
frcqucncy currents arc passed through the coil E which is 
free to move in the annular gap and is fixed to a cone 
F. Interaction between the magnetic field in the gap and that 
due to the current flowing in the coil causes the coil to move 



Fir. 1.13 (A). T he principle of the movinr coi l loudspeaker. 

backwards or forwards according to lhe strength and polarity 
of the speech signal : the cone therefore vibrates in sympathy 
with the speech currents and causes sound wave.s to be 
produc<!d. 

The principle of the earphone is shown in Fig. J.13 (B). 
A permanent magnet NI is situated close to a circular 
diaphragm Z made of magnetic material. The permanent 
magnet's field holds the diaphragm in a sta te of stress. 
Around the arms of the U -shaped magnet are two coils 
wound with many turns of fine wire and through which 
speech currents are passed. The magnetic field due to the 
speech current Aowing in the coils adds to or subtracts from 
the field holding the diaphragm in a s tate of stress causing 
it to vibrate in sympathy with the speech signal and emit 
corresponding sound waves. 

The principle of the moving-coil meter is discussed in 
Chapter 19 (1\lfeasure111e111s) . 

Fig. 1.13 (8). The principle of 
the earphone. 

ELECTROMAGNETIC INDUCTIO N 

If a bar magnet is plunged into a solenoid coil as 
indicated in Fig. J.14 (A) the moving-coil microammeter 
connected across the coil will show a deflection. The 
explanation of this phenomenon, known as e/11clromag11e1ic 
induction, is tha t the movement of the magnet's lines of 
force past the turns of the coil cause a voltage to be induced 
in the coil which i.n turn causes a current to flow through the 
meter. The magnitude of the effect depends on the strength 
and rate of movemen1 of ihe ma!Ulet and the size of the coil. 
Withdrawal of the magnet caus,; a reversal or the current. 
No current flows unless the lines of force arc moving rela
tively to the coil. The same effect is obtained if a coil 
of wire is arranged to move relatively to a fixed magnetic 
field. Dynamos and generators depend for their operat ion 
on the principle of electromagnetic induction. 

lf a pair of coils of wire are arranged as shown in Fig . . 1.14 
(B), when the switch K is open there is no magnet ic field 
from the coi l P linking the turns of the coil S, and the 
current through S is zero. Closing K will cause a magnetic 
field to appear due to the current in the coil P. This field, 
as it bmlds up from zero, will induce a voltage in S and 
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cause a current to flow through the meter for a short time 
until the field due to P bas reached a steady value when the 
current through S falls to zero again. The effect is only 
momentary and is completed in a small fraction of a second. 
The change in current in the circuit Pis said to have induced 
a voliage in the circuit S. The fact that a changing current 
in one circuit can induce a voltage in another circuit is the 
princ iple underlying the operation of transformers. 

Self-Inductance 
H a s teady current is flowing tl1rough a coil there will 

be a steady magnetic field due to that current. A current 
change will tend to alter the strength of the field which in 
turn will induce in the coil a voltage tending to oppose the 
change being made. This process is called se/f-i11d11c1io11. 
A coil is said 10 have se/f-i11d11ctance, usually abbreviated to 
i11d11cta11ce. lt will have a value of one henry (H) if, when the 
current through the coil changes at a rate of one ampere 
per second, the voltage appearing across its terminals is 
one volt. Inductance is usually denoted by the symbol L 
in formulae. As the inductance values used in rad io equip
ment may be only a very small fract ion of a henry the units 
mi/lihenry (mH) and microhenry(µH) meaning one thousandth 
and one millionth of a henry respectively arc commonly used. 

The inductance of a coil depends on the n umber of turns 
and on the area of the coil and the permeability of the core 
material on which the coil is wound. The inductance of a 
coil of a certain physical size and number of turns can be 
calculated to a fair degree of accuracy from formulae or 
they can be derived from coil charts. 

Mutual Inductance 
A changing current in one circuit can induce a voltage in 

a second circuit : see Fig. J.J 4 (B). T he s trength of the 
voltage induced in the second circuit S depends on the 
closeness or " tight11css" of the magnetic coupling between 
the circuits; for example, if both coils arc wound together 
on a n iron core practically a ll the lines of force or magnetic 
flux from the first circuit will link with the turns of the 
second circuit. Such coils would be said to be rightly coupled 
whereas if the coils were both air-cored and spaced some 
distance apart they would be loosely coupled. 

The mutual inductance between two coils is measured in 
henrys, and two coils are said to have a 1111111111/ i11d11cta11ce of 
one henry if when the current in the primary coi l changes at 

(A) 
Fig. 1.14. Electromagnetic induction: (A) Relative movement of a 
ma.gnct and a coil causes a voltage to bo Induced in the coil;: (B) 
when the current in o ne of a. pair of c.oupJcd coils chance• In value, a 

current is induced in the second coil. 

1.11 
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a rate of one ampere per second the voltage across the 
secondary is one volt. Mutual inductance is denoted in 
formulae by the symbol ;\/. 

The mutual inductance between two coils may be measured 
by joining the coils in series (a) so that the sense of thei r 
windings is the same and (b) so that they arc reversed. The 
total inductaocc is then measured in each case. 

1f L. and Lb are the tota l measured inductances, and L1 

and L 2 arc the separate inductances of the two coi ls and M 
is the mutual inductance-

£. = Li + L 2 + 2M 
La = £1 + L 1 - 2M 

:. L. -L0 = 4M 

i.e. M 
L . -L 0 

4 

The mutual inductance is therefore equal to one-quarter of 
the difference between the series-aiding and series-opposing 
readings. 

Inductors used in Radio Equipment 

Inductors, like capacitors, are used in radio equipment 
where a circui t is required to be frequency-dependent. F or 
instance they are used in conjunction with capaci tors to form 
tuned circuits which select wanted from unwanted frequen
cies in receivers and transmitters, and they arc also used 
in the form of chokes in filters which remove hum in high
tension power supplies. 

T he value of inductance used in any circuit depends largely 
on the frequency at which the circuit is operating: for example, 
coils might be of many henrys inductance for use as power
supply filter chokes where the frequency is 50 or JOO cycles 
per second or as smal l as O· l microhcnry when used as tuning 
coils at a frequency of, say, 144 Mc/s. 

~- o * 
A B C 

E F •• ~~ G ~ 

·H 

Fir. 1. IS. Typical inductances and milgnetic cores. A- Iron lamina· 
tion1 (T· and U -type); B - Bobbin; C - A11embled iron-cored 
inductance; D - Pl ug .. in air .. cored coll; E - Low-Io n transmitter 
t~nk c.oil; f - H iah· stabil ity oscillator coil; G - Small ferrite 

" pot" core: H - Wav~wound coil with adju1c:ible Iron core. 
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Broadly speaking, coils can be divided into two classes
(a) low-frequency coils or chokes and (b) radio-frequency 
coils and chokes. Low-frequency chokes range in inductance 
from 0·5 to 500 henrys and are wound with many turns of 
wire on iron cores. Io Fig. 1.15 the general method of con
struction of such chokes is shown in A, B and C. The core 
is made up of thin soft iron or special-alloy stampings or 
laminations A, insulated from each other so as to reduce the 
power lost due to eddy currents induced in the core. The 
coil is wound on a bobbin B, which is then packed with 
laminations as shown at C. Laminations may be obtained 
in a wide range of sizes and permeabilities. 

Radio-frequency coils arc air-cored, dust iron-cored or 
ferrite cored. Air-cored coils are usually wound on low-loss 
cylindrical or ribbed formers. In Fig. 1.15 a plug-in coil 
such as is often used in amateur short-wave transmitters 
and receivers is shown at D. For maximum efficiency, coils 
should be of such dimensions that the length of the wind
ing is not less than half and not greater than twice the 
diameter. 

A perfect radio-frequency coil would have inductance 
only and no resistaoce, aod the current through it and the 
voltage across it would be in quadrature (i.e. 90° out-of. 
phase) and no power would be lost in the coil. ln practice, 
however, coils have an appreciable effective series resistance, 
which may be many times the d.c. resistance of the coil, 
and power is wasted in the coil. This power Joss shows up 
in the case of a transmitting coil, where currents arc bigh 
in a rise in temperature of the coil and its former. Coils in 
which this loss resistance is low arc said to be " low-loss " 
or "high Q." The losses in a coil at radio frequencies are 
due to (a) eddy currents in surroun ding metal objects, 
including the core if there is one, (b) skin effect (see Resist
ance and Co11d11cta11ce), and (c) dielectric Joss in the coil 
former. For a low-loss coil such as would be used in the 
output tank circuit of a short-wave transmitter, heavy. 
gauge wire (e.g. No. 14 s.w.g.) is used, wound as shown al 
E in Fig. 1.1 5 with the minim um of dielectric material inside, 
the turns of wire being supported by strips of good-quality 
insulating materia l which can just be seen cemented to the 
wires. The coil should be mounted so that there is no part 
of the metal chassis or screcni11g within a dista11ce at least 
equal to the diameter of the coil in any direction. For high 
frequency-stability, such as is needed in a transmitter master
oscillator, coils should be wound under tension on grooved 
ceramic formers : an example is shown at Fin Fig. 1.15. 

For larger inductances, such as would be used in inter
mediate-frequency amplifiers, the coils are usually fitted 
with a special kind o f iron core(" dust iron ") the pcrmeabil· 
ity of which allows fewer turns of wire to be used for a given 
inductance; the resistance is thereby decreased a nd the 
efficiency of the coil is increased. Solid iron cores cannot 
be used since the ccldy-currcot losses would more than off
set the gain in coil efficiency just mentioned, and a fi ne 
iron-alloy powder moulded in a n insulating medium is 
nonnally used. Rather hjghcr efficiency can be obtained 
by the use o f ferrltes which are non-metallic magnetic 
materials of very high resistivity and therefore low eddy
current loss. I n Fig. 1.15, G shows two halves of a ferrite 
" pot " core. The coil is wave-wound, or simply wound on 
a bobbin and placed inside the two halves so that it is 
completely surrounded by the ferrite material 

A typical i.f. coil of wave-wound construction with an 



adjustable screw-type dust-iron core is shown at H in Fig. 
1.15. The variation of the position of the dust-iron core alters 
the inductance value. Sometimes an adjustable brass core is 
used instead of the iron core, but whereas the effect of the 
iron is to increase the inductance because of its high magnetic 
permeability the effect of the brass is to reduce the induc
tance; the reason for this is that the brass, besides being 
non-magnetic, has a very low resistance and therefore acts 
as an efficient short circuited single tum secondary. 
Although copper would theoretically give a superior per
formance, silver-plated brass has a sufficiently high conduc
tivity and is the material normally employed. 

The use of magnetic or conductive cores to control the 
inductance value of a coil is known as slug 111ni11g. 

For convenience in aerial tuning in a transmitter a 
tapped coil may be used. If a continuously variable induct
ance is required the coil can be made to rotate while a variable 
tapping is made by a sliding pulley following the wire spiral. 
This type of variable inductance bas the disadvantage of 
relying on three rubbing contacts in series, viz. between the 
pulley and the wire, between the pulley and the rod on which 
it moves, and the pivot at the end of the coil. Nevertheless it 
is capable of giving satisfactory service if properly maintained. 

A variable inductance with no rubbing contacts may be 
made by using two series-connected coils which can be 
turned relatively to one another through I 80° from the series
aiding lo series-opposing condition. Such a device depends 
on the variation of the mutual inductance between the two 
coils and is called a variometer. 

Inductors in Series and Parallel 

Provided that there is no mutual coupling between induc
tors when they are connected in series, the total inductance 
obtained is equal to the sum of the separate induc
tances. When they are in parallel the reciprocal of the total 
inductance is equal to the sum of the reciprocals of the 
separate inductances. 

If L is the total inductance (no mutual coupling) the 
relationships are as follows: 

SERIES CONNECTION PARALLEL CONNECTION 

I I l l 
L = Li + L, + Ls etc. - = - + - + - etc. 

L Li L 2 L 3 

For the special case of two inductances in parallel

L _ LiLz 
L 1 + L2 

lt may be noted that this formula is of the same type as that 
relating to two resistors in parallel or capacitors in series. 
The use of these series and parallel inductance formulae is 
illustrated by the following example taken from a Radio 
Amateurs' Examination paper: 

Example. Two inductors of JO and 20 microhenrys are 
connected in series; two others of 30 and 40 microhenrys are 
also connected in series. Wlzat is the equivalent inductance if 
these series combinations are connected in parallel? Assume 
that there is 110 mutual induction. 

The I 0 and 20 µH coils in series are equivalent to (IO + 20) 
= 30µH. 

The 30 and 40µH coils in series are equivalent to (30 + 40) 
= 70µH. 

These two equivalent inductances of 30 µH and 70 µH 

PRINCIPLES 
respectively arc in parallel and will therefore be equivalent 
to one single inductance of-

30 x 70 = 21 H 
30 + 70 µ. 

This is the value of the equivalent inductance of the four 
coils in this series-parallel arrangement. 

Time Constant 

Fig. 1.16 (A) shows a circuit in which a capacitor C can 
either be charged from a battery of voltage E, or discharged, 
through a resistor R according to whether the switch S is 
in position a or b. 

If at some instant,'•• the switch is thrown from b to a cur
rent will start to flow into the capacitor with an initial value 
E/R. As tbe capacitor charges the voltage across the plates 
increases and the current through the circuit therefore falls 
away, as shown in the charging portion of Fig. 1.16 (b); 
when fully charged to the voltage E the current will have 
dropped to zero. 

(a) 

VOLTAGE 
ACROSS C 

\ 

~ O ' CURRENT 
;!; ta IN R 
~ -
::> ..., 

TIME 

CAPACITOR I cArACITOR 
{b) I• CHARGING , .. DISCHARGING .. 

Fig. t.16. In {a) a: capacitor C can be char1ed or dl1char1ed throu1h 
the resistance R by open.tint the switch S. The curve• of {b) ah ow 
how the volta1e acro11 the capacitor and the current into and out 
of the capacitor vary with time u the c.apacitor i1 char1ed and 
discharted. The curve for the rise and fall of current in an LR 

circuit is similar to th• volta1e curve for the CR circuit .. 

When, at some time t., the switch is thrown back to b the 
capacitor will discharge through tbe resistor R, the current 
being in the opposite direction to the charging current, 
starting at a value -E/R aod dying away to zero. As the 
capacitor discharges the voltage across its plates falls to 
zero as shown in the discharge portion of Fig. 1.16 (b). 
Graphs of this shape arc called exponential curves. 

It is evident that a finite time is required to charge and 
discharge a capacitor through a resistor; the larger R or C 
the longer the time taken. This time is specified by the Time 
Constant of the CR circuit, being the time taken for a capacitor 
to discharge to 37 per cent, i.e. fth, of its initial voltage, or 
to charge to 63 per cent (1-~)th, of its final voltage. The time 
constant, in seconds, is given by the product of the capacity 
in Farads and the resistance in ohms: 

Thus T ... CR seconds. 

As an example, the time constant of a capacity of O·l 
microfarads (IO-' Farads) and a resistance of 47 Kilohms 
(4·7 x 10' ohms) is: 

T = 10-1 x 4·7 x 10' 
= 4·7 x 10-• seconds 
= 4·7 milliseconds 

Examples, in which the time constants of CR circuit.s are 
important, are lo be found in radio receiver circuits associated 
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with the second dctccior and a.g.c. rectifier. The time con
stant of the signal detector diode load and reservoir capacitor 
is chosen to be long compared with the period of the i.f. 
signal to give good smoothing, or filtering, but not so long 
that the voltage across the load resistor cannot follow 
the highest speed audio amplitude variations likely to be 
encountered. On the other hand the time constant of the 
a .g.e. circuit is chosen to be long compared with the period 
o f the lowest audio frequency amplitude variations to avoid 
suppression, due to negative feedback, of the modulation 
in the a.g.c. controlled stages, but at the same time short 
enough to follow the fastest fad ing likely to be encountered. 

Time constants are very important in pulse circuits which 
arc e1tpected to handle fast transient waveforms. 

The rise and fall of current in an inductance in circuit with 
a resistance also takes a definite time depending on the values 
of L and R in question. The larger the value of L and the 
smaller the value of R the longer it takes for the current to 
rise o r decay. The shape of the current curves for an LR 
circuit are similar in shape to the vollnge curves for the CR 
circuit shown m Fig. 1.16 (b). 

T he time constant of an LR circuit is defined as the time 
taken for the current to reach 63 per cent, (1-~·)th, of its 
final value, or to decay to 37 per cent ~th of its initial 
value. The time constant in seconds is given by the induc
tance in Henrys divided by the resistance in ohms : 

L 
Thus: T = 7i seconds. 

ALTERNATING CURRENT 

Previous sections have been concerned mainly with 
current nowing in one direc tion through a circuit, such a 
current being produced, for example, by a ba ttery, i.e. 
direct c11rrc111 (usually abbreviated to d.c.). 

There is another important type of current How in which 
current flows backwards and forwa rds alternately through a 
ci rcuit. Such currents are called a/1emati11g c11rre111s (a.c.). 

An alternating current could be obtained by connecting a 
resistor to a battery through a reversing switch as shown 
in Fig. l.17 (A). On operating the switch S backwards and 
forwards from a to b the current from the battery would 
fl ow in alternate directions through the resistor R; the 
graph in Fig. J.17 (B) shows how the current would vary 

R 

CURRENT 

with the passage of time and the reversals of the switch. 
Such a current waveform, in which the current flows at a 
steady value for equal times in both directions is called 
a square-wave. 

The most common alternating current is that used for the 
electricity supply mains in which, in Great Britain and most 
of Europe, the d.irection of current flow is continuously 
changing from positive to negative a nd back again at a rate 
of 50 cycles per second. In the USA and Canada the rate, 
or frequency, is 60 cycles per second. !n each cycle the 
di rection changes twice, but for the purpose of most cal
culations it is the complete cycle which is more significant 
than the two half-cycles in opposite directions. 

The alternating voltage of the electricity supply does not 
have a square waveform but fluctuates with a gradual and 
smooth variation like the swinging of a pendulum. Such a 
current would be produced by the continuous and steady 
rotation of a coil in a magnetic field as indicated in Fig. 
1. 17 (C), when the circuit is completed by some device such 
as a resistor. This is the basic principle used in the 
a//emator, a machine for generating altcrnuting current. 
The waveform of this current has a shape which is defined 
mathcmaticully as a sine-wave, shown in Fig . . t.17 (D), and 
the current is said to vary sinusoidally. 

Alternating currents of much higher frequency are used in 
radio communication, the frequencies commonly used in 
short-wave amateur work ranging between 1,800,000 and 
30,000,000 cycles per second (I ·S-30 Mc/s) and in more 
advanced work up to 430,000,000 cycles per second (430 
Mc/s) or even higher. 

Characte ristics of Alternating Currents 

From the preceding paragraph it can b..: seen that one 
feature which distinguishes one allernat ing current from 
ano ther is the rate at which the complete cycles of current
revcrsal take place; this is called the freq11e11cy of the 
alternating current and is measured in cycles per second. 

A second distinguishing feature of an alternating current 
is its magnitude or amp/i111de, by which is meant the maximum 
value reached during one cycle or alternation: sec Fig. 1.17 
(D). 

It is possible to have two alternating currents whose 
frequency and amplitude are exactly equal but with a time 

(c) 
Jl).M PLITUDE OR 

+ 
SWITCH TO,a 

Ot-----ir---t~-+~-+--.. timc :~ef0'• 
Fig.1.17. Alternatlnr curr ent. A s imple 
circuit with a current·rcversin1 switeh 
shown a~ ( A) produces a square.wave 
current throus h the resistor R as 
shown in (8). •N hcn 3 coil it rotated in 
a magne tic field a• in (C) t he vo ltage 
induced in the coi l has a sinusoidal 

w avefor m (0 ). 

SWITCH TO b 

(s) 
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fig. 1.18. Ph:uo difference between two 01lternatin1 curren ts. Pro· 
vided that the y both have the same frequency the phase difference 

will remain const.ant. 

lag, or phase difference, between the 1wo so that they are not 
performing the same part of their cycles at tbe same instant. 
This is illustrated in Fig. 1.18 in which the solid and dotted 
sine waves are of the same amplitude and frequency but 
differ in phase by one-quarter of the t ime taken for one cycle 
as indicated by the time x in the diagram. 

Thus an nlternating current , or indeed any a lternating 
quant ity, cnn be defined by the three properties- frequency, 
ampli1ude and phase. 

Another term used wi th reference to alternating current 
is the perlorl of a wave, which is the time taken to perform 
one cycle. The period of a wave is the reciprocal of the 
frequency; thus-

Freq11e11cy = __ l _ l'eriod = 1 
Period Frequency 

Frequency is usually denoted by 1he symbol f and period 
by the symbol T. As an example, the period of the 50 cycles 
per second mains is given by-

T = ! = _.!._ second 
f 50 

The value of an a .c. voltage or current can be specified 
by its amplitude. This is often C(l lled the peak voltage or 
peak current, being the highest value reached during a cycle. 
Thus the peak value of aay a.c. voltage or current is equal lo 
its amplitude (in volts or amperes) as shown in F ig. J . 17 (D). 

The peak value, however, is not the most common way of 
specifying an alternating voltage or current. The usual .valu.e 
adopted is the root-mea11-sq11are o r r.m.s. value which 1s 
equal 10 the d.c voltage or current which would produce 
the same amount of power in a resistive load as the alter
aating voltage or current would produce The r.m.s. value 
is less tlrnn the peak value, the two being related if the 
waveform is sinusoidal as follows: 

peak value k 
1 r.m.s. value = --v

2
- = 0·707 x pcu va ue 

or conversely- _ 
peak vnluc =- r.m.s. value x y2 = 1·414 x r.m.s. value 

Aa a .c. mains supply of 240 volts r.m.s. thus has a peak 
voltage of 240 x l ·414 or approximately 340 volts. 

A.C. Circuit Containing Resistance Only 

Ohm's Law can be used to find the current nowing through 
a resistor when a certain alternating voltage is applied 
across its terminals. The current will fl ow backwards and 
forwards through the resistor under the influence of the 
applied voltage and will be in phase with it. The voltage 
and current waveforms for the resistive circuit of Fig. 1.1.9 
(A) arc shown in Fig. 1.19 (B). 

The power dissipated in the resistor can be cnlculnted 

PRINCIPLES 
direct from the usual power formulae, provided that r.m.s. 
values for voltage and current are used, viz.: 

W = El E" W = ..::. 
R 

Jf peak values E for voltage and i for current arc used 
these formulae become-

El 
W - -

2 
W = izR 

2 

A.C. Circuit Containing Capacitance Only: Reactance 
of Capacitor 

When an alternat ing voltage is applied to a ·capacitor as 
shown in Fig. J .19 (C) the capacitor .will be alternately 
charged in one direction arid then charged in the opposite 
direct ion as the supply alternates. At each reversal it becomes 
momentarily discharged. An observer watching the flow 
of current in the wires connecting the capacitor to the a.c. 
supply would see a n alternating curreot flowin g backwards 
and forwards through the wi res. This current nows into and 
out of the capacitor and not actually through the capacitor. 
A careful study would show that the current is one-quarter 
period (or 90°) out-of-phase with the voltage, and in advance 
of it as shown in Fi". J.19 (D). This must be so, for when 
the ~paci tor is fully 

0

charged the voltage is a maximum and 
the current is zero. N o power is dissipated in such a circui t, 
a current of this type being called a reactive current or 
wauless current. 

The magnitude of the current flowing in the circuit 
depends on the capacity of the capacitor aad the frequency 
of the supply, and the capacitor th7~efore exhibits ~ P.ro
pcrty of current restriction or oppostt1on somewhat sunilar 
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f ig. 1.19. Volt.age a nd current rcl:..tionships in a.c. ~ircuits conipris· 
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1.15 



RSGB-RADIO COMMUNICATION HANDBOOK 

to that exhibited by a resistor except that the effect is 
frequency-dependent and there is a 90° phase difference 
between the voltage and the current. This property, which is 
called the capacitive reactance of the capacitor is measured 
in ohms and is usually denoted by the symbol X,; it is given 
by the formula-

I 
Xa = 2 nfC 

where f is tJ1e frequency in cycles per second and C is the 
capacity in farads: the value of n is H4. 

Sometimes for convenience, the symbol w is used to rep
resent 2 nf It is known as tbe angular frequency and is 
expressed in radians per second. 

The following example, taken from a Radio Amateurs' 
Examination paper, shows how this formula is applied. 

Example. Calculate the reactance offered, at frequencies 
of 50 c/s a11d 50 kc/s respectively, of a capacitance of 2 
microfarads. 

In the formula for capacitive rcactance-

I 
Xo- 2-rrfC ohms 

Before any calculation is made it must be remembered to 
express f and C in the correct units. 
Considering first the frequency of SO c/s-

X. -
1 

ohms a - 21f X 50 x 2 X J0-6 

= lO,~ = 1592 ohms 
2?T 

Considering next the frequeDcy of 50 kc/s (i.e. S0,000 c/s)-

1 
Xa = 21r x 50,000 x 2 x 10"' ohms 

= .!.Q = 1-592 ohms 
2r. 

It is worth noting that the reactance is inversely pro
portional to the frequency, so that it would be possible to 
derive the reactance at 50 kc/s directly from the reactance at 
50 c/s simply by dividing by 1,000. 

The current flmving " through " a capacitor can be 
calculated by using Ohm's Law, regarding the reactance of 
the capacitor Xo as replacing the more usual resistance R , 
viz.; 

A.C. C ir cuit Containing Inductance Only: Reactance 
of Coil 

The opposition of an inductance to alternating current 
flow is called the inductive reac1a11ce of the coil: see Fig. 
1.19 {E). It is proportional to the inductance of the coil and 
also to the frequency and is denoted by the symbol Xi,. 
ft may be calculated from the formula-

XL = 21rfL 

As i.n the case of a capacitor, the current in an inductance 
and the voltage across it are one-quarter period (or 90°) 
out-of-phase and no power is d issipated in a purely in ductive 
circuit. In an inductive circuit, however, the phase of the 
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current is 90° behind the voltage, i.e. exactly opposite to the 
case of the capacitive circuit: sec Fig. 1.19 (F). 

Example. Calculate the induc1ive reacta11ce of a coil of 
2 henrys inductance at frequencies of 50 c/s and 50 kc/s 
respectively. 

T he formula for inductive reactance is-

XL = 21rfL 

Since f is 50 c/s and L is 2 henrys-

X L =2?T x 50 x 2 ohms 

= 200 x 3·14 ohms 

= 628 ohms 

Because inductive reactance is directly proportional to 
frequency, the reactance of the 2H coil at 50 kc/s will be one 
thousand times its reactancc at 50 c/ s, namely 628,000 ohms. 

The current through an inductance and the voltage 
across it are connected by the modified Ohm's Law formula-

/ = ~L ( cf I = ~) 
Susceptanee 

A term sometimes used in calculations is the suscepta11ce 
of a coil or a capacitor. Susceptaocc is simply the reciprocal 
of rcactance in the same way that conductance is the 
reciprocal of resistance. Susceptance is in general denoted 
by the symbol B and is measured in mhos. 

Thus-

1 
Ba""

Xo 

A.C. Circuit Containing L, C and R: Impedance 

An a.c. circuit may contain resistance, inductance and 
capacitance in series, as shown io Fig. 1.20 (A), each of which 
opposes the flow of current in a different way as mentioned 
in the previous sections. The opposition of the composite 

(A) 
Z • ./ R2 + x2 

1 • 
E E 

• I 2 I 1 
z V R+(2ufL- zrr /c) 

z 
or 
I E/ R 

(a) 
Fie. 1.20. The 1erie1•re1onant circuit. The curves 1hown at (B) 
indicate how t he impedance and the current vary w ith fuqueney in 

the type of circuit 1hown at (A). 



circuit to alternating current flow is called the impedance 
of the circuit and is denoted by the symbol Z. 

The impedance of the whole circuit cannot be found by 
simply adding the reactanoes and resistances together, since 
the relative current and voltage phases associated with each 
component arc not the same. The inductive and capacitive 
reactance have exactly opposite phase effects and conse
quently they must first be subtracted from one another to 
find the total rcactance in the circuit, thus-

X =(XL - Xo) 

The impedance is then found by compounding the resis
tance with the total reaclance of the circuit. This has to be 
done by taking the square root of the sum of the squares 
of these two quantities; thus-

Z ... v'R1 + x= 
The current flowing through the circuit may then be 

found using Ohm's Law but with Z replacing R as follows: 

l -= E 
z 

If the current m the circuit is known, the voltage across 
each individual component can be calculated using Ohm's 
Law with the appropriate value of the resistance or reactance. 

Series-Resonant Circuit: Acceptor Circuit 

Considering the circuit of Fig. 1.20 (A), current flowing 
may be calculated using the formula I = E/Z, where Z is the 
impedance of the circuit and E is the applied alternating 
voltage. When Z is written in terms of R, L, C and f, the 
expression of I becomes-

E 
1~ . J R' + ( 11rfL - h~C r 

At one particular frequency depending on the exact values 
of C and L, the capacitive and inductive reactances will be 
equal and opposite. Under this condition, called resonance, 
the impedance of the circuit will be a minimum, equal to R 
and the current will be a maximum. Resonance is a very 
important phenomenon as it is used to select a desired 
frequency from other unwanted frequencies. Fig. l .20 (B) 
shows bow the current and impedance for the circuit of 
Fig. 1.20 (A) vary with frequency, the current at resonance 
being E/R and the impedance at resonance being R . 

Series-resonant circuits are sometimes referred to as 
acceptor circuits because at the resonance frequency the 
impedance is a minimum nnd they therefore accept maximum 
current at this frequency. 

The frequency at which a certain coil and capacitor 
resonate when connected together can be found by equat ing 
the inductive and capacitive rcactances: thus-

! 
21rfL "" 2TT/C 

Solving for f-
f --l-

21rVCL 

If L is in henrys and C is in farads, f will be in cycles per 
second. 

This formula, next to Ohm's Law, is probably the most 
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used of all in radio work as it permits the calculation of the 
inductance of a coil which will tune to a desired frequency 
with a given capacitance. Its use, together with other for
mulae relating to the resonant circuit, is illustrated by the 
following worked examples taken from various Radio 
Amateurs' Examination papers. 

Example I. What value of ifld11cta11ce i.J required in series 
with a capacitor of 500 pF for the circuit to resonate at a 
frequency of 400 kc/s? (Assume 110 resistance.) 

From the resonance formula-

the inductance is-

1 
f =- 17rVLC 

L =-1-
47T2/2C 

Expressing the frequency and the capacitance in the proper 
units (f = 400 x I 0 3 c/s and C = 500 X 10-11~ 

L = J H 
41r2 x (400 x 103) 2 x (500 x 10-12) 

Taking 11'• = 10, this becomes-

L =-1- H 
3200 

= 312·5 microhenrys. 

Example II. if an inductance of 50 microhem·ys is in series 
with a capacitance of 500 picofarads what is the resonant 
frequency? (7r0 may be taken as JO.) 

At resonance-
I 

I -= 11rVLC 

I 
or f!=--

41r2LC 

Expressing the inductance and the capacitance in the proper 
units (L = 50 x 10· 8H and C = 500 X JO-'"F)-

1 
!' = 4 x 10 x (50 x 10·•) x (500 x 10-10) 

~ 10 1~ 

Therefore--
f = 106 c/s = I Mc/s. 

Example IJI. If the effective series inductance and capaci
tance of a 11ertical aerial are 20 µ.If and JOO pF respectively 
and the aerial is connected to a coil of 80 11H i11d11cta11ce 
what is the approximate resonant frequency? 

In this example the aerial and coil together will resonate at 
a frequency determined by the capacitruu:e and the sum of the 
aerial effective inductance and the loading coil inductance. 

At resonance-
1 

f ---
11rVLc 

Here the relevant values of inductance and capacitance ex
pressed in the proper units are--

Therefore-

L ~ (20 + 80) x JO·•H 

C = 100 x tO·"F 

1.17 



RSGB-RADIO COMMUNICATION HANDBOOK 

I = I 
2-r.V(LOO x 10-•) x (JOO x 10-1!) c/s 

= --
1
- -c/s 

211' x 10-1 

= 1 ·6 Mc/s approximately. 

Example IV. A11 al1emati11g voltage of 10 volts at a fre
quency of 5/ 7f Mc/s is applied to a circuit of the followi11g 
elements i11 series: (i) a capacitance of JOO pF, (ii) a 11on
i11d11ctive resistor of JO ohms. 

(a) What value of i11d11cta11ce in series is required to 
tune the circuit to reso11a11ce? 

(b) Al resonance, what is the current i11 rhe circuit ? 
(a) For the calculation or tbe inductance, the resistance 

can be ignored since it h:1s no effect on the resonant fre
quency, which is given by-

/ =~ 
2-:r \ I LC 

Rearranged, this bccomes-

L = - 1-
4n"f~C 

Expressing the frequency and the capacitance in the proper 
units(/= 5 x I 06/7r cycles per second ; C = I 00 x I 0-12F)-

hcnrys 
L = • (i5 x 10") 

4-:r- x 7r: x {100 x 10-•!) 

~-1- H 
J0,000 

-= 100 microhenrys. 

(b) At resonance, the inductive and capacitive rcactances 
cancel out and the circuit will have a purely resistive 
impedance of 10 ohms. The curren t I through the circui t 
at resonance can then be calcula ted directly from Ohm's 
Law : I = E/R. Since E = 10 volts and R = 10 ohms 

I 0 volts 
Current al resonance I = -

0
- -

1 ohms 

= I ampere. 

Magnification Factor: Q 

At resonance the voltage across the coil (or the capacitor) 
in the circuit of Fig. J.20 (A) can be considerably greater than 
that supplied to the circuit by the generator. The current 
at resonance is determined by tbe value of the resistor 
R whereas the voltage across the coil (or the capacitor) is 
given by the product of the current and the appropriate 
rcactance which may be many times che value of R. The 
rntio of the voltage across the coil (or the capacitor) to that 
across the resistor is called the magnification factor or Q 
of the circuit. If I is the current at resonance-

Q ~ IXL = 21rfL = wL 
IR R R 

!Xo l I 
or Q = Tif = 2"/CR ~ wCR 

where w = 2r.f 

The Q of a tuned circuit is determined mainly by the coil 
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since good-quality capacitors have negligible losses. The Q 
of a ti.med circuit determines its selectivity, i.e. its ability 
to pick o ut a wanted signal from a number of unwanted 
signals on adjacent frequencies. A high Q-value corresponds 
to good selectivity. 

Parallel-Resonant Circuit: Rejector Circuit 

If a coil and capacitor arc connected in parallel as in 
Fig. 1.21 (A) resonance effects appear when the current is of 
such a frequency that the reactance of the coil and capacitor 
are equal in magnitude and opposite in sign. The resonant 
frequency of a parallel-tuned circuit is, for practical pur
poses, given by the same formul a as for the series circuit, 
viz.-

/=-l-
2r.y£C 

At resonance the impedance of a para llel-tuned circuit 
is resistive and is a maximum as shown in Fig. 1.21 {B). If 
tbe coil and capacitor were perfect reactive components, the 
impedance at resonance would be infinite. In practice 
the capacitor can be looked upon as a nearly perfect re
actance, but there is a lways appreciable resistance associated 
with the coil which limits the resonant impedance of the 
circuit. The value of the impedance of a parallel-tuned circuit 
at resonance is called the dynamic resistance of the circuit. 
This is a fictitious resistance and appears to exist only 
for alternat ing currents of the resonant frequency; the d.c. 
resistance of the circuit is, of course, relatively very low. 

Parallel-tuned circuits are sometimes called rejector 
circuits because at resonance they have a high impedance 
and therefore reject curTent at their resonant frequency. 

Dynamic Resistance 

There is a series-to-parallel transformation which can be 
made between the two circuits of Fig. J .21 (C) in which the 
series resistance r can be replaced by an equivalent shunt 
resistance R. Providing the value of r is small compared 
with the reactancc or the coiJ, as is usually the case in radio 
circuiis, the value of R 1s given by the formula-

Xi: w:L: 
R = -- - --

r r 
where w = 2 ;r/ 

It follows that the parallel-tuned circwt of Fig. J .21 (A) 
can be replaced by that shown in Fig. J.21 (D) in which a 
perfect coil and capacitor are shunted by a resistor R. At 
resonance the capacitive and inductive rcactances cancel 
out and the impedance of the circuit reduces to the fictitious 
resistance Rn shown in Fig. 1.21 {E): this is the dynamic 
resistance of the circuit. 

Since at resonance coL = l/wC, the value of the dynamic 
resistance of a parallel-tuned circuit is given by-

Ro = L 
Cr 

Further, since Q = wL/r, the dynamic resistance can also be 
expressed as-

Ro = _Q 
wC 

From this it can be seen that for a high dynamic resistance 
(which is necessary for high gain in an r.f. amplifier when a 
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Fig. 1.21. The par"allel-resonant circuit. The curve shown at (B) 
ind icates how the impedance varies with frequency in the type of 
circuit shown at (A). A series .. to·parallel transformation to replace 
the series res1stanc,e by an equivalent parallel resista.nce can be 
made as shown at {C), The circuit shown at {A) can therefore be 
repla~ed by that shown at (0 ) in which a perfect coil and capacitor 
are shunted by a p;rirallel resiscance. At resonance the impedance 

of this circuit reduces to a fictitious resistance as shown at ( E). 

parallel-resonant circuit is used as an anode load), the ratio 
of L to C should be high and r should be small (i.e., the Q 
should be high). The gain of a pentode radio-frequency or 
intermediate-frequency amplifier is roughly equal to the 
dynamic resistance of the tuned-circuit load multiplied by the 
mutual cond11ctance of the valve : see Chapter 2 (Valves). 

L/ C Ratio 

Examinalion of the formula for the resonant frequency of 
1 

a tuned ci rcuit, f = _ r;-;. shows that the resonant fre-
27r v LC 

quency is determined by the product of the inductance and 
capacitance, LC. lt follows that there is a wide range of 
Land C values which can be chosen to resonate at a particu
lar frequency. Put another way, for a particular resonant 
frequency there is flexibil ity in choice of the L/C ratio, i.e. 
a large Land small C or, alternatively a small Land a large C 
may be used 1>rovidcd that the LC product gives the required 
resonant frequency. 

The choice of L/C ratio is determined by practical con
siderations connected with the particular application of the 
tuned circuit. 

In h.f. receivers it is usual to employ circuits with a high 
L/ C ratio as this leads to circuits with a high dynamic 
resistance and therefore high stage gain, the minimum 
possible va lue of C being determined by the stray circuit 
capacitance. On the other band, a low L/C ratio, i.e. a high 
C value, is usually employed in variable frequency oscillator 
circuits associated with transmitters in order to swamp out 
the effect of valve and other stray circuit capacitances which 
tend to make the frequency of the oscillator unstable. 

In the case of h.f. transmitter output tank circuits the 

PRINCIPLES 
L/C ratio is specially chosen so that when damped by the 
load (or aerial) the effective Q of the tank circuit has a value 
which gives a good compromise between efficiency and 
harmonic suppression. Tbis matter is dealt with in Chapter 6 
(H.F. Transmitters). 

Resonance Curves and Selectivity 

The curves of Figs. 1.20 (B) and 1.21 (B) show how tuned 
circuit·s arc more responsive at their resonant frequency than 
at neighbouring frequencies. Curves of this n(lturc are called 
resonance cun•es and show how a tuned circuit can be 
used to pick out, or select, a wanted signal from a number of 
unwanted signals Oil other frequencies. Fig. 1.22 shows a 
resonance curve A for a single parallel-tuned circuit having a 
resonant frequency of 465 kc/sand a Q of 100. When such a 
circuit is co nnected as the anode load in a simple single
stage intermediate-frequency amplifier circuit the curve shows 
how the gain varies with Crequency. For instance, it will 
be seen that an unwanted signal at 461 kc/s (4 kc/s off tune) 
would give only about 50 per cent of the output of the 
wanted signal (of equal input amplitude) at 465 kc/s. The 
dashed curve B is for a similar circuit but with a Q of 
300 and shows clearly how a higher Q gives greater selectivity. 

There is a practical upper limit to the value of Q which 
can be obtained with a coil of reasonable size, and since 
much greater selectivity is required in a receiver than can be 
obtained with a single-tuned circuit several amplifying stages 
arc commonly used ill cascade, each with a resonant circuit 
as its anode load. The dotted curve C in Fig. 1.22 shows the 
response of three circuits in cascade, each with a Q of 100. 
The response at resonance has been rated at 100 per cent in 
each case regardless of the additional gain due to the extra 
valves. It will be seen that the curve is wider at the peak or 
cc nose" than tha t of a single circuit with a Q of 300 (a 
desirable feature for telephony recept ion) and gives more 
selectivity down the cc skirts " than the single circuit. 

Another method of obtaining better selectivi ty than can 
be provided by a single tuned circuit is lo apply reaction, 
or positive feedback, a method commonly used in straight 
receivers: see Chapter 4 (H.F. Receii'ers). T he application of 
reaction artificially increases the Q of the ci rcuit, a value of 
several thousand being readily obtainable, with a consequent 
increase in selectivity and sensitivity. 

A 
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...... c 
I 

470 

Fi1. 1.12. Seleetlvlty curves ohingl" and cascaded tuned circuits. 
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TABLE 1.5 

Selectivity of Tuned Circuits 

Percentage of Output 
at Resonance 

Bandwidth (width 
across response curve) 

95% 
90% 
70% 
45 % 
24% 
12% 

//3Q 
//2Q 
/IQ 

2//Q 
4//Q 
81/Q 

er is the resonant frequency ol the circuit). 

Table J.S is useful for deriving approximate selectivity 
curves from the Q of the circuit and the operating fre
quency. Thus, as an example, a circuit having a Q of 100 
and a resonant frequency of 465 kc/s would have a band
width (i.e. width across the resonance curve) of fl Q = 
465/ HlO = 4·65 kc/s between points where the output had 
fallen to 70 per cent of the resonant value on either side of 
resonance, as marked in Fig. 1.22. The approximations given 
in Table 1.5 may be used with series-tuned circuits or with 
parallel-tuned circuits whose Q is greater than I 0, as is the 
case in most radfo equipment. 

Coupled Circuits 

For the satisfactory reception of radio telephony it is 
necessary to amplify equally the carrier frequency and a 
number of sideband frequencies which occur above and 

(a) 

PERCENTAGE OF 
OUTPUT AT RESONANCE 

100 °/o 

460 465 470 
KILOCYCLES / SECOND 

Fie. 1.ll. Inductively-coupled tunod circulu. The curves shown at <•> repre1ent the various lrequency retponse characteristics of the 
coupled circuit •hown a t (A) for different de1reH of coupling. 
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Fir. 1.24. A practical desirn ro, inductive ly-coupled tuned circuits. 

below the carrier frequency and which carry the speech 
intelligence: see Chapter 9 (Mod11lallo11). The ideal r.f. 
response curve would therefore be flat at the peak for a few 
kilocycles on either side of resonance to pass the side
bands and then fall away rapidly down the "skirts" to 
provide good adjacent-channel selectivi ty. 

This ideal response characteristic is more nearly obtained 
by using pairs of mutually-coupled tuned circuits than by the 
cascaded single-tuned circuits mentioned in the previous 
section. 

The most common type of coupled circuit is that shown 
m Fig. 1.23 (A) in which inductive coupling is provided by the 
presence of mutual inductance between the identical primary 
and secondary circuits. The shape of the response curve of 
a pair of coupled circuits depends on the degree of coupling 
between them as well as on the Q of the parallel circuits. 
Jf there is little coupling (usually referred to as loose coupling) 
between the circuits, i.e. with the coils spaced far apart, the 
shape of the response curve is as for two cascaded circuits 
of the same Q and resonant frequency, but the output voltage 
would be small. This is shown in Fig. 1.23 (B). curve J. 
U the degree of coupling is gradually increased by bringing 
the coils closer together the output at resonance will increase 
to a maximum value as shown in curve Il. Further increase 
in coupling is accompanied by a reduction in output at the 
resonant frequency and the appearance of a double-humped 
response, curve m. 

The degree of coupling corresponding to curve ll is called 
critical couplfng. For critical coupling the mutual inductan.ce 
required between the coils is 1/Q of the inductance of 
either coil. 

The dotted curve of Fig. 1.23 (B) is the overall response 
curve of two cascaded single circuits of the same Q as those 
in the coupled pair, and is included to illustrate the broader 
peak and steeper "skirts" of the latter. 

Fig. 1.24 is a sketch showing a common method of mount
ing coupled tuned circuits. Two wave-wound coils are 
mounted on a common cylindrical former which is threaded 
internally to take a pair of dust-iron cores, one for tuning 
each coil. F ixed silvered-mica tuning capacitors arc used and 
connections are brought out to soldering tags on the base. 
The whole unit is enclosed in an aluminium screening can. 
T he degree of coupling between the coils is detern1ined by 
their spacing, the correct coupling being found experi
mentally rather than by calculation. This is necessary 



because allowance must be made for a certain amount of 
unintent ional capaciti\·e coupling between the circuits which 
is addit ional to that provided by the mutual inductance. 

The amount of coupling used in intermediate frequency 
transformers in superheterodync receivers is usuaUy less than 
the critical value since crit ica lly coupled and over-coupled 
transformers are more di fficu lt to tune correctly. 

Other met hods of coupling lllned circuits arc sometimes 
used. Fig. l .25 (A) shows a pair of circuits with " top
capacity " coupling. T he exact value of the coupling 
capacity c. is found experimentally and a good starling 
value is I/ Q of the tuning capacitance C, where Q relates to 
either of the single-tuned circuits. ln "bottom-capacity" 
or "common-capacity" coupling, shown in Fig. 1.25 (B), the 
value required will be about Q times the tuning capacitance. 

Fig. 1.25 (C) shows another way of employing mutual 
inductance known as link coupling which is useful if the two 
ci rcuits are separated by an appreciable distance. Current in 
1he primary coll induces a current in the link circuit which 
in turn induces a current in the secondary coi l. The link 
coi ls usua lly ha, ·e o nly a few turns of wire and sometimes 
111crcly a single turn. 

Fig. 1.25 (D) shows a ci rcuit in which the degree of 
coupling between p rimary and secondary may be varied by 
selecting the number of turns in the primary circuit which are 
arranged to link with !he secondary by means of a switch. 
The switch is shown in the position of least coupling (narrow
csc bandwidth), and this arrangement m:iy be adopted in a 
variable-band\\ id th i.f. amplifier in a superheterodyne 
recci,er. 

FILTERS 

Wav1: 111lcrs, usually refe rred lu simply as li ltcrs, are 
networks of reactive components, i.e. capacitors a nd 
ind 11c1ors, which exhibit certain churactcristics as !he 

L 

COUPLING 
CAPACITY 

( C )\ ~6tt~LI NG 

(e) COUPLING 
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(D) VARIABLE 
COUPLING SWITCH 

Fii;t. 1.25. Vnrious arrangem e nts fo,. coupl ing cuned circui ts : (A) 
"Top .. cnpncity " cou pling, ( B) "Bottom-capacity" coupling , (C) 
link coupli ng, (0) v:\r-iable inducti ve coupling. especia lly s uitable 

for vari ablc~bandwidt:h i.f. amplifie r c:ra.nsformers., 
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frequency of a signal applied to them is varied. They are 
classed according to tbeir frequency response and there are 
three types which are commonly used in Amateur Radio 
work, as follows: 

(a) Low-pass Fillers which have the characteristic of 
passing all frequencies below a specified frequency, called 
the cut-otf frequency, fc, and attenuating all frequencies 
abovcfc. 

(b) High-pass Fillers which have the characteristic of 
passing all frequencies above a specified cut-off frequency, 
(c, and attenuating all frequencies below fc. 

(c) Band-pas.~ Filter~· which pass all frequencies between 
two specified cut-off frequencies / 1 and/! and attenuate all 
frequencies outside these two limits. 

Const an t k Filters 

Tbe simplest type offilter is a constant k filter and examples 
of filler sec tions in this class of each of the three types 
mentioned above are shown in Fig. l.26 together with their 
frequency responses. Coostan t k filters have the character
istic o f having negligible loss in the passband aocl have a 
steadily increasing attenuation outside the p:issband. 

T he solid line frequency responses of .Fig. J .26 are for ideal 
filters and show a sudden onset of au enuation at !be cut-off 
frequency. In practical filters, due to losses in the reactive 
components and the effect of the load resistors terminating 
the filler, the tr.msition from passband to stopband is 
rounded as indicated by the dotted lines. 

Two types of constant k filter sections shown in Fig. J .26 
arc called 1T sections and T sections because of their circuit 
configurations- r. or Tsections may be chosen to make up a 
fi lter, the choice being governed by economic considerations 
a nd Lhe impedance characteristics desired looking into the 
filter in the slopbancl remote from the cut-on· frequency. 
For example, it is usual to make a low-pass fl lier of 1T sections 
and a high-pass fi lter of T sections, because the number of 
coils, which arc expensive relative to the capaci tors, is 
smaller. 

A single section fil ter will give a certain attenuation out
side the passband; for greater attenuation several similar 
sections may be connected in cascade. Curve A of Fig. 1.27 
shows the theoretical frequency response o f an ideal constant 
k filter section but a pract ical filter will have a rounded 
response inste;id of the sharp corner al the cut-off frequency. 
The curve shown is useful, however, in assessing how mauy 
fil ter sections will be needed to obtain some specified attenu
a tion at some frequency away from cut-off. 

\Vben constructing fi lters it is imporcant to use coils o f 
high Qin order to minimize loss in the passband. Care should 
be taken to make sure t hat there 1s no stray magnetic 
coupling between the coi ls in a fi lter. In radio frequency 
filters it is particularly important to sec that there is no 
stray capacitance coupling between scclions and for this 
reason it is usual to mount different sections each in a 
screened compartment. 

Filters are designed to have a requi red cut-off frequency 
!. and also co operate between a desired generator and load 
impedance R0 • The design formulae of Fig. 1.26 allow the 
coil and cap:1citor values, L 1K, C11:, etc., of what are called 
the prototype constant k sections, to be calculated for 
chosen!. a nd R0 • T he actual values to be used in a particular 
filter configur:1 tion arc then obtained by substituting these 
values as shown against the components in the circuit 
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LOW PASS FILTERS 

HIGH PASS FILTERS 
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"il" 
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PASS IANO 

fc 
FREQUENCY RESPONSE 

STOP PASS 
8ANO !!AHO 

fl fl 

Ff\EQUENCY RESPONSE 

f 

of the response curves of 
constant k (Curve A) and m 
derived (Curve B) filter sec
tions is clearly shown. 

M-derived sections are not 
usually used alone because the 
attenuation drops beyond the 
frequency f ... To overcome 
this difficulty, practical filters 
use a combination of m 
derived and constant k seciions 
connected in series. 

M-derived End Sections 

An m-derived filter section, 
with m = 0·6, has the property 
of matching well to a resistive 
load over the passband, giving 
therein a level frequency re
sponse and low attenuation. 
It is common practice to usem
derived h alf-sections, with 
111 = 0·6, at each end of a filter 
in order to obtain this good 
match. Suitab.lc end half
scctions for use with r. section 
low-pass filters and T section 
high-pass filters are shown in 
Fig. 1.28. 

Fig. J.16. Design formulae for constant kJitters. 

diagrams. If, after calculation, impracticably large inductors 
or small capacitors arc called for, the tilter should be re
designed for a different value of R .. 

M-derived Fil ters 

Dy modifying the constant k filter sections it is possible to 
obtain a frequency response which falls off more rapidly 
beyond the cut-off frequency f. and at a particular frequency 
in the stop-band,!"' ' n theoretically i11finite attenuation can 
be obtained. Such filters arc called m-dcrived filters and 
some of the commonly used types are shown in Fig. 1.28 
together with their frequency responses and design formulae. 
When using the m-derivcd filter design formulae first calcu
late the values of C11: , L 11,, etc., as for the prototype 
constant k filter (Fig. 1.26) and then find the values of L1 Cl, 
etc. Finally substitute the value of Ll, CJ, etc., shown against 
the components in the circuit diagrams. 

The value of m is related to the ratio of the cut-off fre
quency f. and the frequency of infinite attenuation/,,, . For 
example if/,.,//. = l ·25 for a low-pass filter, then m = 0·6 
(sec Fig. 1.28). Curve B of Fig. 1.27 shows the theoretical 
frequency response curve of /11 derived low-pass and high-pass 
filter sections for a value of /11 = 0·6. The difference in shape 
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LOW PASS FILTERS 

I I OUTPUT 
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FREQUENCY RESPONSE 
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fll) fc 
FREQUENCY RE SPONSE 

Cu 4111 L •• 
C1 =-;;;; C,= 1_ 1112 Cu:; L.=-j; 

Fig. 1.18. De.sign formulae form-derived filte rs. 

TRANSFORMERS 

The fact that a changing current in one circuit can i11ducc 
a current in a second circuit, as in Fig. 1.14 (B), is the basis 
of transformer action. 

Transformers are useful for transferring electrical energy 
from one circuit to another without direct connection; for 
example from the anode circuit of one valve~to the grid 
circuit of another valve. In the transfer process it is possible 
to change the relative voltages and impedances of the 
primary and)econdary circuits, examples being the supply 
of a low voltage to operate a va lve heater from the high
voltage supply mains and the impedance matching of a low
resistance loudspeaker to a va lve anode c ircuit . 

The coupled circuits referred to in the discussion on 
F ig. 1.23 arc examples of transformers with very loose 
coupling between the primary and secondary windings. In 
a udio-frequency and power supply transformers, tight 
coupling is required, and Lhc primary and secondary wind
ings arc therefore wound on an iron core with a construction 
s im ila r to that of the low-frequency choke oi Fig. 1.15 (A-C). 

PRIMARY SECONDARY 
2P_ 1$ -- - E, !!.:!. 

~ .. ., Ep np 
l - - Es 2 ... ns 

Zp Zs ls np 
' 

~ 
2 _._, 

= (~) 
np ns Zs 

TURNS TURNS 
Fig. 1.29. The low-frequency transformer. 

The s ize of core used in the transformer depends on the 
amount of power to be handled. 

F ig. 1.29 shows a simple transformer with a primary wind
ing P and a secondary winding S. Since both wind ings are 
ii1 tbe same alternating magnetic field, the induced voltages 
will be in proportion to the number of turns on each coil. 

Thus if-
Number of turns on the primary = 11P 

Number of turns on tbe secondary = 11, 

Voltage across the primary = Ep 
Voltage across the secondary = E, 

£, = Ep1!.:_ 
/Ip 

The ratio 11,/111, is ca lled the turns ratio and a transformer 
may step a voltage up or down according to whether n,/np 
is greater or less than unity. 

As an example consider a transformer which supplies 
valve heaters having 1200 turns in its primary a nd 32 turns 
in its secondary. When connected to a 240 volt mains 
supply the secondary voltnge will be-

E, 240 x 32 
1200 

= 6·4 volts. 

As long as there is no load connected to a transformer the 
primary current should be very small. This current is called 
the 111ag11etizi11g current and can be neglected in most cal
culations when compared with the primary current due to 
the secondary load. Since the intensity of the magnetic field 
set up by the primary and secondary current is the same and 
since the field intensity is proportional to the number of 
ampere-turns or each winding it follows that the primary 
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current will be equal to the secondary current multiplied by 
the turns ra tio. 

Thus if-
Current in the primary = Ip 
Current in the scconclary ~ I, 

I P = 1,!!:!. 
llp 

Taking the previous example ngain , ii' the hea ter curren t 
is 6 amperes the primary current would be-

6 x 32 
Ip = 

1200 
amperes 160 mA. 

A transformer has the property of being able to crans
form impedances. If the impedance offered by the primary 
of the transformer of Fig. 1.29 is measured ii will be found to 
be equal to lhe secondary o r load impedance divided by the 
square of the turns ratio. Thus if-

Primary impedance - Z,. 
Secondary impedance Z, 

Z p = z. (~) ~ 
11, 

It is probably more convenient to remember this result as-

z,. = (~) ~ 
Z , "• 

which means that the impedauce ratio is equal to the square 
of the fllms ratio. 

The transformation of impedance is a va luable property 

f SECONDARY 

0- -
PRIHARY 

LOW IH,EOANCE 
CABLE FROH 
AERIAL 

/ORE 

PRIMARY & 
SECONDARY 
COMHON TERMINAL 

SHOHOARY 
(OUTPUT) 

np TURNS A t o B 
(d) 

l\F AMPLIFIER 
VALVE 

Fir. 1.30. Derivation of the autotronslormcr is shown in (a), (b) 
and (c). The ci rcuit symbol is show n in (d) and" t ypical use at radio 

freq uency in (o). 
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and transformers arc widely used for matching a load 10 a 
source of power, the turns ratio being calculated 10 give 
maximum transfer of power 10 the load. 

For example, the load imo which an audio frequency 
amplilicr valve delivers its maximum undislortecl output 
may be 6400 ohms. However, the loudspeaker which it is 
desirc:d to use with the valve may have a n average impedance 
o r only 4 ohms ancl a matching transformer will therefore 
be required. The transformer turns ratio ca11 be calculated 
from the formula just mentioned by laking the square root 
of the impedance ratio, th us-

!!.! = Jzp = J64oo = ~ 
n, Z , 4 1 

This means tha1 a transformer with 40 times as many 
turns on the primary as on the secondary will give the 
required impedance match. 

Trnnsformers are oflen referred to by their primary-to
sccondary winding turns ratio . Thus a 40-to-l (or 40 : 1) 
transformer would have 40 turns on lhe primary for each 
tu rn on the secondary, ancl would be a " step-down " trans
former suitable for matching a primary-to-secondary 
impedance ratio of (40)~ : 1 or I 600 : J. A transformer with 
a 1 : 2 ratio would have two turns on the secondary for each 
turn on the primary, and would be a step-up trnnsformer. It 
would match a primary-to-secondary impedance ratio of I :4. 

Auto-transfor m e rs 

It is not always necessary to have d.c. isolation between 
the p rimary and secondary circuits of a transformer and in 
this case an a11to-1ra11sformer can be used. 

An auto-transformer can be looked upon as an o rdi1Jary 
transformer in which the primary or secondary winding is 
common lo the other. Fig. 1.30 (A) shows the magnetic core 
o r an o rdinary step-up transfo rmer with a two turn primary, 
shown dotted, and a four turn secondary. The primary is 
shown ly ing alongside the corresponding turns of the 
secondary; such a transformer would have a voltage step-up 
of 2 : I and its circuit symbol is as shown in Fig. 1.30 (B). 

In Fig. J.30 (C) the two turn primary has been merged (or 
made common) with the secondary 10 form an auto-trans
former. The two turns between the common point A ancl 
the tap B form the primary and the whole four turns from 
A to C form the secondary. The circuit symbol for such a n 
auto-transformer is shown in Fig. 1.30 (D). 

The voltage ra tio of an auto-transformer (Fig. 1.30 (D)) is 
cnlculated from the ratio o f the number of turns 11P between 
the common point A and the lap B to the total number of 
turns between A and C, thus-

VP = ~ 
v, 11, 

As with ordinary transformers, auto-transformers can be 
used lo provide impedance transformation or matching, the 
impedance ratio being equal to the square of the turns ratio. 
Thus in F ig. 1.30 (D)-

:P = (.!!!. )' 
z. "· 

Auto-transformers can be used lo siep up or down 
depending on whether the tap is the primary or secondary 
connect ion. 

For a.c. power work, auto-transformers have the advantage 
that the windings and their insulation take up less space than 



in an ordinary Lransformer. They arc commonly used lo 
s1ep-down or boost an a .c. supply voltage to some other 
value. For example a step-down auto-lransformcr, with 
a suitable tap, could be used lo run 110 volt a .c. equipment 
from 240 volt a.c. mains. 

The tuppccl tuned circui t is an example of a tuned auto
lransformcr which is often used at radio frequency. A 
typical application is shown in Fig. 1.30 (E) in which a lapped 
tuned circuit is used to match and provide a voltage step-up 
between a low impedance aerial feeder and the input of a 
r.f. amplifier valve. 

SCREENING 

When iwo circuils arc near one ;11101her, unwanted 
coupling may exist between tbem due to stray capacitance 
between them or due to stray magnetic coupling. 

Si ray capaciiance coupling can be eliminaled by placing an 
earthed screen of good conductivity between the lwo circuits 
in question as shown in Fig. 1.3J (B). T here is then 
o nly stniy capac1tauce from each circuit lo eart h and no 
direct capacitance between them. A usefu l prnctica l rnlc is 
to position screens so that the two circuits arc not visib le 
from one ano ther. 

Stray magnetic coupling can occur between coils and 
wires due to the magnetic field of one coil or wi re embracing 
tbe o ther. At radio frequency, coils can be screened by 
p lacing them in closed boxes or cans made from material 
of high conductivity such as copper, brass or aluminium. 
In pract ice, eddy currents arc induced in the screening can 
which in turn set up a field which opposes and practica lly 
cancels the fie ld due to the coil beyond the confines of the can. 

Tf a screening can is too close to a coil the perfo rmance 
of the coil , i.e. its Q aud also its inductance, will be con-

-~~-9 Q- c_::__ -~9~ ..... , .. . ..... 
8 A B 

- - - / E -. ... ... / "': . 
SCREEN 

(a) (b) 

SCREENING CAN 11) 
"' COIL 

)d ~
EEOER STIFF 'W IRES 

TANK I 1111111111111 '"' ' ~ 
£:ji_ ~ :mm{., 
SCREEN ';" THIS EHD ONLY 

COIL FOIU1Ell 

(<) 

f ig. 1.3 I. ( a) Stray capaci ty coupling C.-u .. betwcc.n t wo ci.rc~its A 
and B. The introduction of an earthed screen E 1n (b) c limrn;:ates 
d irect capacity coupling, there being now only stray capacitance to 
earth from each circ uit C.u and C 1n;,. A scrcenlnr can (c) .s hould be 
of such di mansions that it is nowhere nearer to the coil it contains 
than a dist.ancc equal to t he diameter of t he coi l d. A Fa.rad;iy 
screen between two circuits (d) allows magnetic coupling between 
them but c.'lllmina.tes stray capacitance coupling. The F::ir:tday 

scree n is ma.de of wire.s as shown at (e) . 

PRINCIPLES 
siderably reduced. A useful worki11J rule is to use a screening 
can of such a size lhat nowhere is it nearer to the coil than a 
d.Jstance equal to the diameicr of the coi l; see Fig. J .31 (C). 

At low frequencies where screening due to eddy currents 
is not so effective il rnay be necessary to enclose a low fre
quency choke or transformer in a box of high permeabi lity 
magnetic ma terial such as Mumetal in order to obtain 
satisfactory magnetic screening. Such measmes are not often 
required but a sensitive component such as a micropho ne 
trausformer may be enclosed in sucb a screen in order to 
make it immune from hum pick-up. 

I t is sometimes desi rable to have pure inductive coupling 
between two ci rcuits with no stray capacitance coupl ing. In 
this case a Faraday Screen can be employed between the 
two coils in question as shown in Fig. 1.31 (D). This arrange
ment is some1imes used between an aeria l and a receiver 
input circuit or between a transmi tter tank circuit and an 
aerial. The Faraday Screen is made of stiff wires (Fig. J .3 t 
(e)) connected together a t one end only, ra ther like a comb. 
The screen is transparent to magnetic fields because by its 
very construc t.ion there is no continuous conducting surface 
in which eddy currents can !low and thereby give magnetic 
screening. However, because the screen is connected t.o earth 
it acts very effectively as an electrostatic screen e liminating 
stray ca,>aci tancc coupling between the circui ts. 

UNBALANCED AN D BALANCED CIRCU ITS 

Unbalanced C ircuits 

An unbalanced circuit is shown in Fig. 1.32 (A). A genera
tor, or signa l source is shown connected to a load resistor 
through a s ingle conductor ; the return path for current is 
through what is termed an ear1'1 return. Tn prachce, altbough 
the term an earlh return is used, the return path is usually 
through the chassis of the equipmen t.. 

Unbalanced circuits of this type are very commonly used 
in radio equiprnenl and are perfectly satisfactory provided 
leads are kept short and arc spaced well away from other 
leads. The circuit is, however, prone to the pick-up of 
extraneous noise and signals from neighbouring circuits by 
three means: Inductive pick-up, Capacitive pick-up and 
through a common earth return path. 

inductive pick-up, f ig. 1.32 (B), can take p lace due to 
transformer action between the unbalanced circuit wire and 
another nearby wire carrying an alternating current ; an 
example is hum pick-up in the grid circuit wiring of an 
amplifier due to a.c. i11 the heater wiring. 

Capacitive pick-up, Fig. J .32 (C), takes place thro ugh the 
stray capacitance belween the unbalaoced circuit lead and a 
neighbourin g wire. Such pick-up can usually be eliminated 
by introducing an earthed mclal screen around the connect ing 
wire. 

lf the unbalanced circuit has an earth return path which 
is common to another circuit, Fig. J.32 (0 ) , unwanted signals 
or noise may be injected into the unbalanced circuit. T he 
extraneous signal current, fl owing in the common earth 
return path, can cause a voltage to appear between the two 
earth return points of the unbalanced circui t. T his voltage 
will, in turn , cause an unwanted current to flow a round the 
unbalanced circuit. lmcrfcrencc of this type can be mi nin1izecl 
by using a low resis tance chassis and avoiding common earth 
paths as far as possible. 
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Fir. 1.ll. The unbalanced ci"uit. (a) The basic unbalanced circu it 
showins ea.rth return path. {b) How extraneous si1n1.l1 and noite 
a.n bo induced in an unbalanced circuit by maanetic induction . 
(c) Showina how extraneous sianals can be induced by stray capaci· 
tance couplins. (d) D iagrams show ing how extraneous siinals an 

be induced due to a c·ommon earth return p~th. 

Ba lanced Circuits 

/\.balanced ci rcuit is shown in I<ig. J.33. As many signal 
sources, and o ften loads as well, a re inherently unbalanced 
(i.e. one side is earthed) it is usual lo use transformers to 
connect a source of signal to a remote load via a balanced 
circuit. Jn the balanced circuit, separate wires are used to 
conduct current to and back from the load; no current passes 
thro ugh a chassis or earth return path. 

The circuit is said to be balanced because the impedances 
from each of the pair of connecting wires to earth are equal. 
It is usual to use twisted wire between the two transformers 
as shown m Fig. 1.33. For a high degree of balance, and 
therefore immu111ty to extraneous noise and signals, tTans
formers with an earthed screen between primary and 
secondary windings are used; sometimes the centre taps of 
the balanced sides of the transformers arc earthed as shown 
clotted in Fig. 1.33. 

The balanced circuit overcomes the three disadvantages 
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of tbe unbalanced circuit. Inductive and capacitive pick-up 
are eliminated since equal and opposite currents arc induced 
in eacb of the two wires of the balanced circuit and these 
cancel out. The same applies to interfering currents in the 
common earth connection in the case where the centre taps 
of the windings arc earthed. 
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I t 
I I 

I 
I 1 

'\ 
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TO IALANCED 
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BALANCED 
TO UNBALAN CED 
TRANSFORMER 

Fir. l .ll. The balanced ci rcuit. 

THE ELECTROMAGNETIC SPECTRUM 

LOAD 

Radio waves arc electromagnetic waves forming part of 
the electromagnetic spectrum which comprises radio, beat, 
light, ultra·violct, gamma rays, and X-rays: see Fig. 1.34. 
The various forms of electromagnetic radiation arc all in the 
form of oscillatory waves, but differ from each other in 
frequency and wavelength. Notwithstanding these differ· 
enccs they all travel through space with the same speed, 
namely, 3 x 1010 cm per second. This is equivalent to about 
186,000 miles per second (i.e., once round the world in 
011e-seventh of a second). 

Frequency a nd Wavelength 

The distance travelled by a wave in the time taken to 
complete one cycle of oscillation is called the 1ravele11gth. 
It follows that wavelength, frequency and velocity of pro
pagation are related by the formula-

Ve/oci1y = Frequency x Wm•elength 

or c = f>. 
where c = velocity of propagation (3 x 1010 cm/sec.) 

l = frequency of oscillation (c/s) 

>. = wavelength (cm). 

This formula enables the wavelength to be calculated if its 
frequency is known, and vice versa. 

The following example is taken from a Radio Amateurs' 
Examination paper. 

Example. What are the frequencies corresponding to 
h'avelengtlis of (i) 150111, (ii) 2111 and (iii) 75cm. 

From the formula c = f>., the frequency is given by-

e =-r 
Case (i): >. = .1 50m = 1·5 x 10' cm 

c - 3 x 1010 cm/sec. 

3 x 10' 0 

T herefore f = ---- = 2 x I 0" c/s 
1·5 x 10'' 

= 2·0 Mc/s 



Case (ii): :t = 2m = 2 x 10• cm 

3 x 1010 

Therefore f = - - - - = 1-5 x l OS c/s 
2 x 101 

= 150 Mc/s 

Case (iii): :t = 75cm 

3 x 1010 

Therefore I = = 4 x IO' c/s 
75 

= 400 Mc/ s. 

Fig. 1.34 shows how the radio spectrum may be divided 
up into various bands of freq uencies, the properties of each 
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makiug them suitable for specific purposes. Amateur trans
mission is permitted on certain frequency bands in the h.f. , 
v.h.r. and u.h.f. ranges. 

AERIALS 

An aerial is used to launch electromagnetic waves into 
space or conversely to pick up energy from such a wave 
travelling through space. Any wire carrying a high fre
quency alternating current will radiate electromagnetic 
waves and conversely an electromagnetic wave will induce 
a voltage in a length of wire. T he problem in aerial design 
is to radiate as much transmitter power as possible in the 
required direction, or in the case of a receiver, to pick up as 
strong a signal as possible, very often in the presence of local 
interference. 

An aerial may be considered as a tuned circuit consisting 
of inductance, capacitance and resistance, a nd for maximum 
radiation an aerial is usually operated so that it is naturally 
resonant at the opera ting frequency, maximum radiation 
corresponding lo maximum high-frequency current flowing 
in the aerial. 

There arc two basic types of aerial used by amateurs, (a) 
the Hertzian aerial, known as a dipole or doublet, which is 
self-resonant by virtue of its length in relation to the wave
length of the signal, and (b) the Marconi aerial which may be 
of any convenient length and relies on an earth connection 
and is tuned to resonance by means of a coil or capacitor. 
The simple Hcrtzian aerial is one half-wavelength Jong and 
is therefore well suited to the shorter waves (higher fre
quencies) whereas the Marconi acria.I is mainly used at 
longer wavelengths, e.g., 160m and 80m where it is often 
impracticable to erect a Hertzian :dipole. More detailed 
explanations of aerial theory and practical design will be 
foun d in Chapters 13 and 14. A typical examination quest ion 
on the tuning of a Marconi aerial is worked out in Example 
m on page l.17. 

PROPA GAT IO N OF RADIO WAV ES 

Radio waves, on leaving an aerial, travel through space 
in straight lines with the velocity of light. The waves consist 
of interdependent electric and magnetic fields which act 
in directions mutually at right angles and also at right angles 
to the direction of propagation of the wave. 

If the electric field acts in a vertical direction the wave is 
said to be vurtical/y polarized and such wave.s are launched 
and best picked up by vertica l aerials, fig. 1.35 (A). If the 
electric field is horizontal the waves are said to be horizo11-
tally polarized and horizontal aerials are then used: see 
Fig. 1.35 (B). 

H orizontal polarization is most commonly used by 
amateurs on the h.f. bands for long-distance communication. 
Vertical polarization is frequently used for mobile work and 
local work on v.h.f. and u.hJ. bands where the "all-rouod" 
or omni-directional characteristics of simple vertical aerials 
are an advantage. 

The propagation of radio waves to remote parts of the 
earth depends on reflection of the waves from layers of 
ionized gas situated between 70 and 200 miles or so above 
the earth in a region called the ionosphere. As the reflecting 
properties of this region depend on the frequency used aod 
are continually changing with night and day, the time of 
year, and sunspot activity, it can be imagined that the 
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Fig. I.JS. Diagram illu str~ting the polarization of electromagnetic 
waves : (A) represen ts ve rtical polarlxation and (B) represents 
hori%ontal polarization, th4? distinction being in terms o ( the 

e lectric vector r:ithe.r than the magne.tic: vector. 

mechanism of long-distance short-wave propagation is 
complex a nd very variable. However, transmission condi
tions lo dis1ant points can be forecast with some accuracy. 
The propagation of v.h.f. and u.b.f. signals rarely depends on 
the conditions in the ionosphere but on meteorological 
conditions in the lower levels of the atmosphere called the 
troposphere. 

The subjccl o f radio-wave propagalion is treated in deta il 
111 Chapter 12 (Propagation). 

Falling 

It is commo n for h.f. signals which have arrived at a 
receiver from a distant transmitter to vary continually in 
»trength. This phenomenon is known as fading and is caused 
by the varying relat ionship between signals arriving at the 
receiver by different paths whose relative lengths arc 
changing. 

T he strength or the signal al the receiving aeria l terminal 
is the sum o f signals arriving from a transmitter by perhaps 
two different paths. If the two paths differ in length by an 
exact number of wavelengths, corresponding to the frequen
cies in use the signals arriving by the two paths will arrive 
in ph:isc and the 101al strength of received signal will be a 
maximum. H, howc1•cr, the path lengths di.ffer by an odd 
number of half-wavelengths the two signals will be out of 
phase and the total rccch·ed signal strength will be a mini
mum. Thus if a signal is being received both by ground
wave and sky-wave paths, or by two different sky-wave paths, 
fading wi ll be experienced when the effective height of the 
ionized layer which rcnects the sky-wave var ies since this has 
the effect of altering the relative path lengths between trans
mitter and receiver. 

Fading may be slow or very rapid: if it is rapid, the fading 
appears as an audible low-frequency flutter. During fad ing, 
speech transmitted by a.m. sometimes becomes bad ly 
distorlcd because the carrier and various sideband frequencies 
do not all fade equally at the same time. 

The effect of fadin g is combated by applying automatic 
volume control (better referred to as automatic gain control) 
to receivers so that the overall gain of the set varies inversely 
with the st rength of the received signal. Other methods used 
are (n) high(v direc1ii>e aerial systems, particularly in the 
vertical plane 10 restrict the possibility of multi-path trans
mission, and (b) dii"ersity reception in which two or more 
spaced aerials or two or more different frequencies arc used 
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for a transrrnss1on. Diversity reception depends for its 
operation on the fact that, statistically, fading is unlikely 
to occur a l two different points or on two different fre
quencies at the same time. Two receivers arc used with an 
automatic change-over arrangement for selecting the 
stronger o ft he two signals, a considerable reduction in fading 
being achieved. 

VALVES 
The successful development of radio communication has 

depended overwhelmingly on the thermionic valve. Valves 
arc used as rectifiers for converting alternating current into 
direct current both at power-supply frequencies and at radio 
freq uency where the process is more commonly called 
detection. Other common applications are the generat ion of 
radio frequency power in transmitters and the amplification 
of signals in receivers. 

The earliest valves, called diodes, had two electrodes 
enclosed in an evacuated envelope. This is shown diagram
alically in Fig. 1.36 (A). The filament electrode or catftnde, 
was made of wngsten wire a nd could be heated to incan
descence by the passage of a current through it supplied by 
a low-tension or •· A " battery. When incandescent the 
filament has the property of emilling free electrons which, 
being negatively charged, may be attracted 10 the second 
electrode ca lled an anode or plate if the voltage of the anode 
is made positive with respect to the fi lament by the use of a 
high-tension (h.t.) battery " B," as shown in Fig. 1.36 (B). 
Reversal of the polar ity between anode and cathode, as in 
Fig. J.36 (C), will repel the electrons and prevent the passage 
of current. The actual flow of current through a va lve is in 
the form of n flow of electrons from filament to anode; 
nevertheless the conventional flow of curren t from the 
positive to the negative battery terminal, i.e., from anode to 
cathode, is usually assumed. 

More efficient emitter materials are now used in valves 
than the original tungsten filament. For example, thoriated 
tungsten (a mixture of tungsten and 1-2 per cent of thorium) 
is up to ten times as efficient as pure tungsten. An even more 

(AJ 

ANODE OR 
PLATE 

Fir. 1.36. A simple di!;de valve : (A) shows the cucnti3. I construction 
comprisin1 a fi lament and an anode: ( B) illus trates how current 
flows throuih the valve when the a.node is made pos itive with 
respect to the filament, and (C) shows the cessation of current whc,, 

the polarity is reversed. 



Fie. 1.37. Partly sectioned 
view of an indirectl y .. hcate:d 

cathode. 
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efficient cmiUcr very commonly used in valves is the oxide
coated type in which a mixture of barium, strontium and 
calcium oxides forms a coating on a filament. Such a com
posite filament gives a copious emission at relatively low 
temperature. 

Valves using a II.lament as a source of electrons are called 
directly-!tearcd valves. It is an advantage, particularly in 
equipment operating on a.c. supplies, to use valves of tbe 
types having what is called an i11directly-hea1ed cathode. An 
indirectly-heated cathode consists of a nickel tube coated 
with the rare-earth oxides mentioned above to form the 
emitting surface which is heated to the required temperature 
by a lilamcnt or heater inside the tube but insulated from it 
as shown in the sketch in Fig. 1.37. 

The introduction of an extra electrode, called a grid, 
between the cathode and anode forms a three-electrode 
valve which is called a triode and is shown diagrammatically 
in Fig. 1.38 (A). The grid has the property of controlling the 
now of electrons from the cathode to the anode, and tbe 
more negative the grid voltage is relative to the cathode, the 
smaller the anode current becomes until it is finally cut off 
altogether. /\ small change in grid voltage may cause a 
considerable change in anode current and this crrect forms 
the basis of the valve amplifier. 

Fig. 1.38 (B) shows the construction of an indirectly
heatecl triode valve. The cathode, grid and anode arc 
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Fig. 1.38. The triode valve: (A) indicate_s the basic arrangement of 
tho e lectrodes, the ~rid beini interposed between the cathode an d 
the anode, and (B) shows the construction of a t ypical indirectly-

heated triode valve. 

PRINCIPLES 

mounted between mica supports and arc connected to 
appropriate pins fitted in a glass base. The electrode assembly 
is surrounded by a glass bulb sealed to the base, and at the 
top of the bulb is the seal tbrougb which the air is exhausted 
during manufacture. The purpose of the gel/er , which is 
fired during the evacuation process, is to deposit a gas
absorbing !11111 of barium metal on the inside of the bulb. Tt 
remains active after manufacture and mnintnins a very high 
vacuum. 

More complex valves using more electrodes than the triode 
are in common use. Detailed information on all 1ypes of 
valve and their applications will be found in Chapter 2 
(Vafres). 

Rectification and Detection 

The operation of a diode as a rectifier is illustrated in 
Fig. 1.39. The circuit shows a mains transformer with 
two secondary windings, one to heat the cathode of the 

MAINS 
TRANSFORMER 

(B) 

Fig. 1.39. The operation of the diode as :> rectifier: (A) s hows a n 
elementary cir·cuit in which an a.c. supply is rectified, producing 
uni.directional current pulses in the resistive load, (B) represents 
the wavefornl of the a.c. input voltag~ and tho rectincd voltage 

3.Cr"OSS the load. 

recti fier va lve and the other to s tep the mains voltage up or 
down according to the output voltage required. The diode 
will conduct only during the positive half-cycle of the a.c. 
waveform 1111 applied to its anode so that the voltage V1, 
across the load resistance (and the current through it) will 
be uni-directional as shown. Practical applications of this 
circuit to power supplies will be found in Chapter 17 (Power 
Supplies). 

The uni-directional conduction of a diode is used in a 
similar way but at a higher frequency to rectify or" detect" 
radio-frequency signals, the most common applications being 
1he second detector and the a.g.c. rectifier in superbeterodyne 
receivers. 

Amplification and Oscillation 

The basic amplifier circuit is shown in Fig. l.40. The grid 
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Fie. 1.40. Bask amplifier circu it (untu ned), 

is biased slightly negative with respect 10 the cathode by the 
bias bauery GB in series with the high grid resistance R, 
(usually O· l -1 Megohm). A steady anode current will flow 
through the valve and the load resistance Rt. 

An a.c. signal applied between the input terminals a and b 
will be applied through the coupling capacitor CJ to cause 
the grid-to·ca thode voltage to vary above and below its 
steady bias voltage in sympathy with the a.c. waveform 
applied. T he changing grid-to-cathode voltage will cause a 
corresponding changing anode current to flow through the 
load resistance RL and the anode-10-calhode path in the 
valve, this variation being superimposed on the steady anode 
current. The alternating component of the anode current 
will produce an amplified replica of the input waveform at 
the output terminals c and d. It should be noted that the 
amplified output waveform will be 180° out-of-phase with the 
input waveform since a positive-going grid voltage causes 
an increase in anode current which in turn causes a decrease 
in voltage between the anode and the cathode. 

The circuit shown is applicable to audio frequency ampli
fica tio;!. At radio frequencies a frequency-selective amplifier 
is usually required and selectivity is obtained by using a 
parallel-tuned circui t, LC, as an anode load instead of the 
resistor R,, shown in Fig. 1.41. Except with special con
structional or circuit arrangements triodes are not suitable 
for use as r.f. amplifiers since the unavoidable capacitance 
between grid and anode inside the valve results in unwanted 
oscillation. This effect is avoided by the use of a pentodc 
valve, as shown in this circuit. Since the output voltage 
from such an ampl ifier is, within limits, proportional to the 
load impedance it follows that the output voltage will be a 
maximum nt the resonant freq uency of the tuned cir cuit 
\~here its impedance is a maximum, falling away on either 
side of the resonance where the impedance decreases. 

The vollage amplification of an r.f. ampHfier may be as 

INPUT 

+ ... 
: 
iH.T. 

---
rill'. 1.41 : Basic radio fr!'quency ~mpl)lier circuit (tuned). A pentode 
1s used in stead or a triode to S1mpltfy th e problem of eliminating 

unwanted feedbot.ck. 
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much as JOO or even higher. Jf a secondary winding of a 
few turns is wound round the coil in the anode tuned circuit 
LC, a voltage will be obtained which can be fed back to the 
grid circuit as shown in Fig. 1.42. The arrangement then 
really becomes an amplifier capable of supplying its own 
input and, provided that the sense of the feedback winding 
is correct, continuous oscillations will be produced a t a 
resonant frequency determined by the values of L and C. 
Such a tuned amplifier with suitable feedback from output 
to input forms the basis of most oscillators used in trans
mitters and receivers. 

Negative Feedback 
The type of feedback mentioned in the previous paragraph 

is called positfre feedback because the signal fed back from 
output to input is in phase with the input signal. If an 
amplifier circuit is arranged so tha t some of the output is fed 
back to the input in such a way that it is 180° out of phase 
with the input signal, negative feedback is said to have been 

c 
+ .,. 

:H.T. 
.J_ r 

Fig. 1.42. Basic oaclllo.tor. 

applied and a reduction in the overall ga ia of the amplifier 
ensues. 

At first s ight such a reduction o f ga in appears to be a 
d isadvantage; however, the application of negat ive feedback 
yields several advantages which more than offset the 
reduction in gain. These advantages arc-

(a) A reduction in harmonic distortion caused in the 
amplifier. 

(b) A flattening of the amplifier response curve. 
(c) A reduction in hum and other amplifier noise. 
(d) A stabil ization of amplifier performance against 

variations in supply voltages, component values and in valve 
characteristics. 

The way in which negative feedback reduces harmonic 
distortion may be explaioed simply as foll ows. Suppose an 
amplifier is being fed with an input signal which is a pure 
tone (i.e. an undistorted sine wave). D ue to imperfections in 
the amplifier, harmonics of the input s ignal will be produced 
which will appear in tbe output as harmonic distortion. 
Clearly, by feeding the correct amount of each harmonic, 
in the correct phase, into the input terminals of the amplifier 
from some auxiliary source, it would be possible to cancel 
out the distortion produced in the ampl ifier. Negative 
feedback from the output circuit provides just such a type of 
distortion-cancelling signal and, although complete elimina
tion of distortion cannot be achieved, provided that the 
gain of the amplifier is high and that a sufficient fraction of 
the output is fed back, a very worthwhile reduction in 
distort ion may be obtained. 

A fur1hcr reference to negative feedback is to be found in 
Chapter 9 (Mod11/a1ion). 



PIEZOELECTRIC EFFECT 

Certain crystalline substances have the property of 
developing an electric charge on their surfaces when sub
jected to mechanical stress and, conversely, of exhibiting 
mechanical strain when their surfaces are electrically 
charged. This is known as the piezoelectric effect. 

For radio purposes the most widely applied piezoelectric 
substance is quartz. This is used in high-stabil ity radio
frequency oscillators and in sharply tuned frequency filters. 
Another piezoelectric material is Rochelle salt (sodium 
potassium tartratc): this has somewhat different character
istics from quartz, and is used in crystal microphones and in 
crystal headphones and loudspeakers. In amateur practice, 
however, these items seldom if ever require any attention 
and it is only the quartz crystal that is likely to merit a 
detailed study. 

Quartz: Crystals 

Apart from the imperfections which normally occur in 
nature, a crystal of quartz is shaped like a hexagonal prism 
with a hexagonal pyramid at each end, as shown in Fig. 
1.43 (A). Typical crystals may be an inch or two in diameter 
and several inches long, and from these a large number of 
thin slabs or plates having the required electromechanical 
characteristics can be cut. 

If one of these plates 1s made to vibrate by mechanical 
means, it will develop an alternating voltage between its 
opposite faces, and vice versa if an oscillatory voltage is 
applied to a pair of electrodes on opposite sides of the plate 
it will vibrate at the same frequency as the applied voltage. 
If this frequency happens to coincide with a mechanical 
resonance of the plate, the vibration will reach a consider
able amplitude and in extreme cases it may be sufficient to 
cause the plate to fracture, thereby rendering it permanently 
worth less. The actual amplitude of vibration is always 
microscopically small, but the corresponding voltage 
developed may be of the order of several volts. 

The characteristics of such a quartz plate depend on the 
way in which it has been cut from the natural crystal in 
relation to the crystallographic axes. These arc indicated 
in Fig. 1.43 (8). Axes such as XX which bisect the angle 
between any pair of adjacent faces of the hexagonal section 
are called the electric axes, and those such as YY which are 
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Fie. 1.43. The sketch at (A) shows a double-terminated natural 
quartz crystal and indiciltes the relationship between the x. Y and 
Z axes. Utually tho crystal it found to have one pyramidal termina· 
tion and one rouah end wher~ it has been broken from the parent 
rock. T he sectional drawine (B) shows the variouf X and Y axes a.s 
viewed atone a d irection parallel to the Z-axi1 and includes e xamplu 

of po1itions of x .. cut and Y·eut platu. 
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perpendicular to any of the faces of the cr)stal are called the 
mechanical axes, while the axis ZZ is called the optical axis. 
If a plate is cut so that its faces are perpendicular to an 
XX-axis or to a Y Y-axis, it is said to be an X-cut or a Y-cut 
crystal respectively. Innumerable other cuts can be chosen, 
simply by tilting the plane of cutting so as to rnake various 
angles with the axes, but only a few particular orientations 
are used in practice and each of these has its own special 
advantage. An example is the AT-cut crystal: in this type 
the plane of the cut is rotated 35° from the Z-axis, as shown 
in Fig. 1.44. . 

Any quartz plate will have several difTerent mccha111cal 
resonances, depending on the mode of vibration. Jn the 

Fig. 1.44. An AT-cut crystal has i ts 
major surfaces at a n angle of 
35" to the Z-axis. This type of 
cryst.al has a low tcrnporaturc 
coefficient and is widely used ir\ 

r.f. oscill3tors. 

ordinary type of crystal used in h.f. transmitters, the most 
important mode is the thickness vibration, since this gives 
the highest frequency for a reasonable set of dimensions. 
Even so, the plate has to be made quite thin to achieve a 
usefully high frequency. For instance, a crystal designed for 
7 Mc/s might have a thickness of only 15 thousandths or an 
inch. A slight variation in thickness corresponds to a large 
change in frequency, and therefore to obtain a strong 
piezoelectric response the plate must be uniformly thick 
within very fine limits over its entire area. 

With this mode of vibration, the main resonant frequency 
is inversely proportional to the thickness. The precise 
relationship depends on the angle of cut, as shown in the 
few examples given here: 

Type ofClll Frequency (kc/s) x Thickness (111111) 

x 2860 
AT 1675 
BT 2500 

Other f:tctors to be considered include the temperature 
coefficient of frequency, which is a measure of how much the 
frequency varies with temperature. This is of great impor
tance in high-precision frequency control, and a discussion of 
it will be found in Chapter 6 (H.F. Tra11smit1ers). 

Quartz is an exceptionally hard substance and the neces
sary cutting, grinding and polishing operations arc very 
tedious. The usual materials employed are diamond, car
borundum, emery and jeweller's rouge. Great accuracy is 
essential in the dimensioning and finishing processes, similar 
to that found in Lhe highest class of optical work. 

The grinding of the crystal by these methods results in 
some damage to the crystal line structure of the surface. 
Much improved stabili ty and performance can be achieved 
by using a final etching process, whereby the damaged surface 
is dissolved away by means of a bath of hydrofluoric acid 
solution or of ammonium biftuoride. The final adjustment 
of the crystal to the required frequency is invariably carried 
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out today hy this method, which also leaves the crystal 
perfec tly clean. 

The acicls used for etching are ex1rc111e/y tlr111gerou.r and the 
method shoL1ld only be used by those experienced in their 
handling. 1 n particular, the acid must not be alJo,~ed to 
come in contact with the skin. If 1t is, medical auention 
should be obtained immediately. 

The quartz plate is usually clamped between two flat 
metal electrodes, and there may or may not be a small air 
gap adjacent to one of the crystal surfaces. When it is desired 
to operate with a gap, the plate is clamped at the periphery 
if it is circular or at the comers if it is rectangular or square. 
Alternati\rely, thin film electrodes of gold or silver may be 
deposited on the faces of the crystal plate and connecting 
wires can then be soldered to the metallic films at suitable 
poin ts (the 11odal points): these wires also serve as supports. 
The assembly is sometimes enclosed in an evacuated glass 
envelope to exclude dirt and moisture, both or which have a 
deleterious effect on the performance of the crystal. 

Although such a quartz plate may appear quite similar in 
constructional features to a small capacitor, its e lec trica l 
behaviour is very different. Because of the combination of 
the piezoelectric properties and the mechanical vibration 
characrcrisrics it behaves as a series-tuned circuit haviog 
a very high L/C ratio and a very high Q va lue. The interna l 
frictional losses in the crystal arc remarkably small and 
consequent ly the equiva lent resistance is very low. This is 
of course the effect ive resistance, considered as part of the 
cquivalc111 circuit, lo r.f. currents: the d.c. resistance is 

Fig. 1.45. Equivalent circuit or" 
piexooloctric cryst:.t1 :is used in 
r.f. oscillatort or in filter ci rcuits. 
Typic;il v>.lucs for " 400 l<e/s 
plate are-

Cl - 0·04 pf. 
Cl - 6 pf. 

L - 3-5 H . 
Q ~ 25,000 or higher. 

Cl reprcst'nt:s the c.apacitancc of 
the electrodes and the holder. 
T he symbol used in ci rcuit dia· 
grams to represent a pie_zo· 
el ectric crystal is shown on the 

ri11ht. 
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extremely high. Fig. l.45 shows tile equivalent ci rcuit of a 
simple quartz plate: the shunt capacitor C2 represents the 
capacitance of rhc electrodes and rhe connecting leads. 

A circuit of this kind has two resonant frequencies, one 
corresponding to a h igh impedance and the other to a low 
impedance. They arc indicated in Fig. 1.46 which shows how 
the r.f. current flowing through a typical crystal changes 
when the frequency of the applied r.f. voltage is varied. The 
resonant (or series) freq uency corresponds lo resonance in 
tbc series combination, L CI , which behaves as a low
impedancc acceptor ci rcuit. The so-called anti-resonam 
(or parallel) frequency corresponds to resonance in the h1gh
impedance rejector circuit formed by the LCI combination 
in parallel with C2. 

The difference be1wccn the two frequencies is normally a 
small fraction of one per ccnr o f the nominal frequency. 
Although there arc c ircuits which have been devised for 
operaring such a c rystal on one o r o ther of these frequencies, 
the majority of circuits used for frequency control in amateur 
transmitters utilize the parnlle l or anti-resonant h igh
impedancc cond ition. 

The most importan t feature with regard to frequency is 
tha t for either the resonant o r the anti-resonant condilion 
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Fig. 1.46. Typic"al variation of current through a quartz. crystal with 
frequen1;y. The resonant ;ind :intl .. r cso n::int frequencies are nor·mally 
s eparated by about 0 ·01 per cent of the frequen<:ies themselves 

( e.g. a few hundred cycles for Q 7 Mc/s crystal). 

the impedance variation is cxlremely sharply defined. Thus 
the impedance may be found to vnry by a ratio of more than 
10,000 : 1 when the frequency is changed by merely a few 
hundred cycles. T his may be expressed in terms of the 
cquivalcm circuit by saying thnt the Q-value is very high. 
In fact, a quartz c rystal behaves as a tuned circuit wi th a 
Q-value many times greater than can be achieved even with 
the best inductors and capacito rs . 

By using a qu:1rtz crystal in p lace of the normal 
tuned circui t in an ordinary feedback type of r.f. oscillator, 
the frequency of oscillation is auto111a11cally stabilized within 
very close limits. Such on oscillator is know11 as a crystal
controllcd oscillator (or more simply, a crystal oscillator), 
and a typical circuit is shown in l'ig. J.47. 

Besides the thin flat plate type of cryslal which is preferred 
for use in h.f. oscillators, a bar type is often used for 
resonators in filters operat ing at relatively low frequencies 
(below about 500 kc/s): an example of this applica tion is 
the CJ·ys1al filter (sometimes known as a crystal gate) in 
a high-selectivity intermediate-frequency ampHfier: sec 
Chapter 4 (H.F. Recefrers). 

Certain crysrals have a tendency to operate at unwanted 
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Fig. 1.47. Basic crystal-controlled 
oscillator circuit using a quartz. 
crystal. Tho necessary feedback 
is provided by the grid-to-anode 

capacitance (s hown dotted). 

or spurious frequencies, owing to mechanical couplmg 
effects in the crystals themselves, and the circuits in which 
they arc used may have to be designed to prevent any 
possible operation at a frequency other than the wanted 
frequency. 

Where a crystal is required to oscillate at a frequency which 
is above the normally attainable maximum (usually deter
mined by the minimum practicable thickness), it can be made 
to vibrate at an overtone frequency if the circuit is arranged 
lo stimulate this action. An overtone is approximately 
(never exactly) a multiple of the fu11clt11ncnt:i I frequency, and 
in most cases this type of operation is limi ted to the odd 
multiples since the even multiples arc associated with modes 
of vibration which presem difficult problems in mounting. 

SEM ICONDUCTOR DEVICES 

Since the Second World War a number of elec1ronic 
devices using semiconductor materials such as germanium 
and sil icon have been introduced. These devices have 
brought about a revolution in communication engineering 
comparable with that which followed the invention of the 
thermionic valve at the beginning of the century. 

The range of devices includes semiconductor diodes and 
also semiconductor triodes, known as transistors, which have 
the property of being able to amplify signals. All these 
devices have the important advantage of consuming less 
power than their thermionic valve counterparts, much of this 
saving arising from the fact that no cathode-heater power is 
required in the semiconductor devices. /\ practical example 
which illustrates this overall saving in power is a small 
gramophone :implifier delivering an audio output of two 
watts. The transistor version consumes 3·5 watts repre
senting ::111 efficiency of 60 per cent whercus an equivalent 
valve amplifier consumes 12 watts corresponding to an 
ellicicncy of J6·66 per cent. Quite apart frnm the obvious 
saving in power consumption, transistors offer the advantage 
of small size and weight which makes them very suitable 
for use in portable equipment. 

A common example of a semiconductor device is the 

Fir. 1.48. Point .. contact germanium diode. 
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po1nt-contac1 germa11i11111 diode. It consists of a small wafer 
of germanium, containing a very small but controlled 
amount of arsenic or antimony, in contact with a "cat's 
whisker " of wire which may be of phosphor bronze. The 
general arrangement is shown in Fig. 1.48, the completed 
diode being seolcd against moisture in a glass envelope. 
Diodes of this type may have a forward resis tance of a few 
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Fig. 1.49. Point-cont~ct transiscor. The basic :arnnaement of the. 
elec:trodes is shown oit (A): when c:onnected in tho circuit ( B) it 

01cts :.s :tn am plifier giving a current rain. 

hundred ohms and a reverse resistance of several hundreds 
of thousands of ohms and are often used as rnclio-J"requency 
rectifiers or detectors. 

The earliest forms of transistors were " point-contact" 
types comprising a thin wafer of germanium, to one side 
of which a low-resistance or base connection was made, a nd 
a pair of closely spaced " cat's whisker " electrodes pressing 
on the other side of the wafer and called the emiuer and 
collector electrodes. T he general arrangement of the 
electrodes is shown in Fig. 1.49 (A). When connected in the 
circuit of Fig. 1.49 (B) the point-contact transistor has the 
property of giving a current gain; i.e., for a certain change 
in currem in the emitter-to-base circuit two to three times 
that change of current will occur in the collector-to-base 
circuit. [n a typical transistor the emitter circuit may have 
a resistance of a few hundred ohms whereas the collector 
circuit may have a resistance of several tens of thousands of 
ohms, and the overall power gain is therefore considerable. 

Point-contact transistors have been superseded by 
junction transistors because of their superior character
istics, such as lower noise level, higher efficiency and greater 
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ment of a Junction 
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power-handling ability. Fig. 1.50 illustrates one method of 
;unction-transistor construction. Two small beads of indium 
arc placed on either side of a thin wafer of gem1anium and 
then heated sufficiently to cause the indium to diffuse into the 
germanium as indicated by the shaded areas. This process 
can be controlled so that there is only a very small gap 
between the indium-diffused areas. The junctions which 
form the transistor are (a) between one indium-diffused 
area and the wafer and (b) between the wafer and the o ther 
indium-diffused area. Emitter and collector connect ions 
arc made to the indium beads and a low-resistance base 
connection is made to the germanium wafer. The transistor 
is then scaled in a metal or glass envelope to prevent ingress 
o f moisture or o ther contaminants. 

Junction transistors exhibit a current gain of s lightly 
less than unity but the power gain available is greater than 
for the point-contact type since the ra tio of output to input 
resistance is higher. 

Low-power transistors are available which operate at 
frequencies o f hundreds o f megacycles per second. High
power types capable of handling powers of several watts are 
also manufactured. Detai led informatio n on transistors will 
be found in Chiiptcr 3 (Sc111ico11d11ctors). 

TH E AMATEUR TRANSMITTER 

The purpose of the transmi tter is to provide radio fre
quency energy which can be fed into an aeria l for trans
mission to a distant point on a chosen frequency. 

The simplest type of transmitter is one which will send 
Morse signals in the form of long and short bursts of r.f. 
energy corresponding to the dashes and dots of the code. 
A rather more elaborate arrangement is requi red when the 
transmission is to be in tbe form of speech or vision signals. 
Au outline of the function of eacb stage is given here, but 
for further details the reader is referred to Chapter 6 (H.F. 
Transmitters). 

l--. lodcrn transmitters are usually made up of several 
distinct circuits or stages consisting of 

(a) a miister oscillator, 
(b) one or more frequency-mult iplying stages, 
(c) a power ampl ifier, or output stage, and 
(d) an iierial coupler. 

For speech or television transmission the necessiiry 
modulation is introduced by a further distinct uni t, 

(e) a mod ula to r. 
A typical t.i.:lcgraphy and telephony transmitter system is 

shown in block diagram form in F ig. 1.51. 
The purpose of the master oscilla tor is to generate a stable 

high-frequency oscilla tion which will control the frequency 
of the emissions f"rom the transmitter. A high degree of 

AERIAL 

MASTER FREQUENCY POWER AERIAL 
OSCILLATOR MULTI PLIERS AMPLIFIER COU PLER 

(a} (b) (c} (d) 

(e) MICROPHONE 

Fig. I.Sf. Bfoc:k dia1ra m of a typiea.1 amate ur transmitter for cclc .. 
g~phy and telephony. A s ing le power supply unit i s so m etimes 
relied upon to feed the e ntire transmitter b ut t here arc usually 
amporta n~ :tdvnn~gcs to bo ga ined by provid ing scpa,.atc pow~r 
supply un•ts cspccmlly fo r the powe r amp lifier and the n1odulator. 
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Fig. 1.52. Triod e powe r 3mplifi c r ci rcuit show ing: the us e of a 
n~utrali:dng c.apacito r N C to ba lance tho grid· to .. anodc ca pacitance. 

frequency stabil iry is required not only to :woid interference 
with other stations operating on nea rby frequencies in the 
crowded amateur bands but also to ensure that the signal 
remains within the frequency bandwidth, or passba nd, of 
modern highly selective receivers :111d shows no tendency to 
deviate from it. A high degree of frequency stability is 
usually obtained by opera ting the maste r oscil lator a t low 
power to avoid excessive generation of heal and by selecting 
good-quality components o f high electrical and mechanical 
stabili ty and by using a mnstcr-osci llator tuned circuit of 
high Q. 

As I.he amateur bands are for the main part harmonically 
rela ted it is common practice lo operate the master oscillator 
in the lowest frequency amateur b:ind and obtai11 sufficient 
power to drive the power ampl ifier or output stage from a 
succession of frequency-multiplying s tiiges. For example, 
an oscillator capable of being viiried between I ·75 and 
2 Mc/swill co\·er not only the 160m amateur band but also 
the 80, 40, 20, 15 and JOm bands when multiplied by 2, 4, 
8, 12 and 16 respectively. Frequency-multiplier stages use 
heavily-biased valves which arc driven with large input 
voltages. This bas the effect of causing the anode current to 
Row in short pulses instead of following the sinusoidal wave
form of the drive voltage. The pulse-like iinode current 
contiiins components of frequencies which arc multiples of 
the frequency of the input waveform. A voltage a t any one 
of these frequencies may be developed at the anode by 
means of ii resonant circuit tuned lo the required frequency. 
It is sometimes practicable to select up to the fifth harmonic 
in one stage ; for higher o rders of frequency multiplication 
several stages may be used in eascnde. 

The power-amplifier s tage is driven by a low-power s tage 
a t the desired output frequency, a w:itt o r two being suffic ient 
to drive almost any o f the pcntode or tetrode amplifier 
valves likely lo be used in amateur t r:insmillcrs. For bjcll
efficiency, a radio-frequency power amplifier is run under 
class C conditions: sec Chapter 2 (Valves). 

Triode amplifiers arc not as often used as tetrodes or 
pentodes because they require more drive power and need 
neutralizing lo avoid self-oscillation. The self-oscillation in 
a triode amplifier stage occurs as a result of feedback from 
the anode to the grid circuit through the capacitance which 
exists between grid and anode inside the valve. The feed
back may be balanced out, or neutralized, by arranging for 
an equal feedback voltage of opposite phase lo be applied 
to the grid circuit. Thi5 is usu:illy achieved in amateur 
transmitters by centre-lapping the tuned circuit of the 
output amplifie r as shown in Fig. 1.52 to obtain an an tipbase 
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Fir . 1.53. A pentod e power amplifier with :i pi -network coupler in 
the anode ci rcu it. 

neut ralizing voltage which is fed back to the grid c ircu it 
th rough the small neutral iz ing capacito r NC. 

T here 11 rc many types of ae ria l which can be used with a 
transmitte r, a11d an aeria l coupling o r tuning unit may be 
necessary to ensure that the power generated by the amplifier 
stage is eniciently transferred to the aerial. Genera lly speak
ing aerial coupling only becomes a difficult problem if a 
transmitter has to operate and supply power to an aeria l 
over a wide and continuous range of frequencies; since 
amateur transmitters operate only in narrow specified 
bands of frequencies the coupling circuit in practice can 
often be reduced to merely an inductive link comprising 
one or two turns of wire wound round the power-ampli fier 
output coil ns indicated in the circuit of F ig. 1.52. 

A useful combined aerial coupling and powcr-a rnplifler 
output c ircui t is the pi-network coupler. Tt has the advantage 
of operating over a considerable frequency range and feeding 
efficien tly into a wide ra nge o f load impedances. lt also 
has the merit of helping to reduce television interference. 
The c ircuit is shown in Fig. 1.53. The proper tuning of the 
aerial and loading of the transmitter output stage is obtained 
by adjusting the two variable capacitors and the tapped coil. 

A radio frequency power amplifier may be considered as 
a generator which converts d.c. power taken from the h.t. 
supply into radio frequency power to be fed to the aeria l. 
Tmpo rta nt factors in connection with an am pli fier a re : 

(a) The d.c. power input. 
(b) The r.f. power output. 
(c) T he efficiency of the amplifier. 
(d) T he anode d issipat ion. 
T he d.c. input power w,. is equal to the product of the 

h.t. supply voltage Va and the anode current !0 o f the va lve 
as shown in F ig. 1.54 thus: 

Power mput H11. = Va x I. 

The r.f. output power is ofien calculated by measuring the 
r.f. current Rowing in a load resistor sometimes called a 
dummy load. This load resistor should be non-inductive 
and may conveniently be of the high-power carbon type. 
The output power W0 ., may be calculated by fi nd ing the 
product of the load res istance R a nd the square of the load 
current 1,1 1hus: 

Power output u10,,1 = R x !,/ 

PRINCIPLES 

The efficiency '1 of 1be amplifier gives a figure of roeril 
for the stage as a converter of d.c. into r.f. power. The 
efficiency is calculated by dividing the power output by the 
power input and mult iplying by JOO to express the result 
as a percentage thus : 

Efficiency 71 = _I! ... , x JOO per cent 
Win 

I t is clear tha t s ince no ampl ifier can be 100 per cent 
efficient more power is fed into the amplifier than appears 
at the output as r.f. power. Most of this excess of power is 
spent or dissipated as heal at the anode of the amplifier 
vaJve. The anode dissipation W4,, may be calculated by 
taking the di(fcrence between the input and output power. 

Anode Dissipation W.u, = W;. - W.,11 

As an example of the preceding paragraphs consider the 
case of a valve operating with an h.t . supply of 750 volts 
and an anode current of 100 mA. If the amplifier is pro
ducing a current of 0·71 a mpere in a load resistor of 100 ohms 

R.F. CURRENT 
+H.T. 

~ 
LOAD 

RESISTOR 

Fig. 1.54. Diacra.m s howing how t he d.c. powe r input to :a. rad io 
frequency amplifi er and c:he r.f. power w hic:h it produces can be 

me:asu red .. 

calculate (a) the power input, (b) the power output, (c) tbe 
efficiency and (d) the anode dissipation of the s tage. 

(a) Power input w,. = 750 x O·! = 75 watts. 

(b) Power outpu t W0., = 100 x (0·7 1)' = 50 watts. 

(c) Efficiency 'I = 50 x JOO = 66·66 per cent. 
75 

(d) Anode dissi1>ation w .. ;, = 75 - 50 = 25 watts. 

As so far described the transmitter 1s capable of generating 
a s teady radio-frequency signal called a carrier wave. This 
in itself conveys no information and fo r messages to be 
transmitted by telegraphy the carrier wave m ust be broken 
up into the characters or the Morse code as ind icated in 
F ig. 1.55. This process is called keying and various methods 
which may be adopted a re described in C hapter 8 (Keying 
& Break-in). 

The transmission of voice o r music (audio) waveforms is 
achieved by modulating the carrier wave, i.e. causing its 
ampli tude, frequency or phase t o va ry in sympathy with 
the audio. Modulation produces new frequencies called 

~@1 0 0 0 fi fi 0 0 {Lfi_flfi fi 
~ ~ ~u-1-rv-L\v-H-v.,...--L+l-v +,-v -'-h\fITTJVvt-ttu,..,,-Tl---ME 

u~ - -MORSE CHARAC T ER 

Fig. I.SS. Mor se code s igna ls ar e produce d by brc aldnn t he ca rrier 
wave into long: nnd ' hort characters .. The illustrn tlon re pre sents 

t he letter V. 
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sidebands, extending above and below the carrier frequency 
by at least the highest frequency component of the audio 
wave. 

The most commonly used type or modulation is amplitude 
modulation (a.m.) in which the amplitude of the transmi tte r 
output is varied up and down in sympathy with lbe audio 
modulating waveform, the carrier frequency being constant. 
In practice this variation of amplitude is usually achieved by 
varying the anode, screen or grid voltage of a Class C ampli
fier stage according to the audio waveform it is required to 
transmit. Fig. J.57 shows the unmodulated carrier wave at 
the top, the audio modulating signal in the centre and 1he 
composite amplitude modulated wave at the bottom. Lf the 
output from a 100 per cent amplitude modulated transmillcr 
is displayed on an oscilloscope whose timebase is locked to 
the audio signal it will appear as shown at the foot of 
Fig. 1.57. 

An ampli tude modulated radio signal actually consis ts of 
th ree d istinct components; the carrier wave of constant 
amplitude, and two sidebands, or side frequencies. spaced on 
either side of the carrier. These sidebands carry the audio 
~nt~ll igen_cc and vary in amplitude as the audio signal changes 
m mteos1ty. The frequency spacing between the sidebands 
a_nd the carrier is equal to the frequency of the modulating 
signal. 

T~1e frequency spectrum corresponding to a 7 Mc/s 
earner wave modulated fully, or 100 per cent, by an audio 
signal or 5 kc/s is shown in Fig. 1.56. At full modulation the 
ampli tude of each of the two sidebands is one half that of 
the carrier, the power in each sideband being one quarter of 
that in the carrier. T he power in the two sidebands taken 
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together is therefore one half that of the carrier when it is 
fully modulated. When modulated by speech the sidebands 
arc complex a nd vary continually in frequency spacing and 
amplitude following the rapidly changing speech waveform. 
The sidebands extend on either side or the carrier up to a 
frequency spacing corresponding lo the highest frequency 
component present in the speech waveform. Jn practice 
good telephone qua lity speech conlains frequencies up to 
about 3 kc/s so that in an a.m. signal of that quality the 
sidebands occupy 3 kc/s of the frequency spectrum above and 
below the carrier. 

When the combined sideband voltages are equal to the 
carrier voltage, the transmitter is said to be modulated 100 
per cent. If the amplitude or the modulating voltage applied 
to the power amplifier valve exceeds that required for JOO 
per cent modulation, the valve will cease to conduct at the 
negative peak of the audio modulating voltage. This in ter
ruption of the carrier will result in severe distortion 
of the transmitted signal and must be avoided as it would 
cause serious interference lo signals from other stations 
operating ou adjacent frequencies. 

Intermediate depths of modulation between zero and 
maximum values arc usually expressed as a percentage. If x 
is the unmodulated amplitude of the carrier envelope :incl J' is 
the peak increase (or decrease) in :1mplitude of the envelope 
during modulation, the depth or modulation may be obtained 
by divid ing y by x nnd multiplying by 100 to express the 
result as a percentage. Expressed as a formula, 

M = L x IOO o/c x 0 

where lvl is the modulation percentage. 
The simple a.m. signal is wasteful in two ways. First a 

channel of bandwidth equal to twice the highest freq uency 
or the audio signal used is required, and second at least two
Lhirds of the radiated power is in the carrier which conveys 
no actual information and could equally well be omitted a nd 
rcin1roduced at the receiver. Both of these disadvantages arc 
eliminated in the single sideband suppressed carrier method 
or transmission in which only one set or sideband frequencies 
and no carrier is transmitted . Full deta ils of this system wil l 
be round iu Chapter 10 (Single Sideband Teclt11iq11es). T he 
a.m. system bas, however, the advantage of simplicity, both 
a l the transmitter and in lhe receiver. 

Ordinary amplitude modulation is usually obiained by 
varying the h.t. feed to a class C radio frequency amplifier. 
according to the audio waveform to be transmitted, by 
applying the modulat ing vol tage in series with the h.t. 
supply through the medium or a modulation transformer as 
shown in Fig. 1.58. In the method just described, called 
anode 111od11latio11 or plarc 111od11/atio11, the amount of audio 
power required lo modulate the carrier wave fully is equal 
to one-half of the d.c. power input to the anode and screen 
circuits of the p.a. stage. For example, a transmitter power 
amplifier drawing an anode curren t of l 00 mA from nn 11.t. 
supply of 600 volts has an input o f 60 watts. A maximum 
audio power of 30 walls is therefore required to modulate 
this amplifier fully. 

In frequency modulation (Lm.) the amplitude of the 
carrier wave is kept constant but its frequency is varied, or 
swung to and fro o n either side or the nominal value, at a 
rntc corresponding to the modulat ing frequency and to an 
extent corresponding to lhe ampli tude of the modulating 
signal. An f.m. signal has a greater bandwidth than a n u.m. 
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Fig, 1.58. A popular method or applying amplitude modulation to a 
radio frequency power :lmplirier. 

signal, bul on the other hand ill\ f.m. system offers the 
advantage of a better signal-to-noise ratio provided that 
the strength of the received carrier is above a certain threshold 
value. Frequency modulation is thus well suited for the 
v.h.f. bands where ample bandwidth is available and a good 
signal-to-noise ratio is desirable. 

Further information on methods of amplitude and fre
quency modulation will be found in Chapter 9 (A1od11/atio11). 

Although a valve used in an amplitude-modulated power 
amplifier must be run at a reduced input compared with the 
telegraphy condition to avoid excessive dissipation and pos
sible damage, an advantage of frequency modulation is that 
the power-amplifier stage can be operated at the full tele
graphy rating thus allowing a greater output to be obtained 
from a given valve than under a.m. conditions. 

TH E AMATEU R RECEIVER 

The purpose of a receiver is to select a desired radio 
signal from amongst the many o thers tliat may be receivable 
and to recover from it the intelligence that it conveys. 
Usually the power arriving at the aerial terminals is so minute 
(perhaps only a small fraction of a micro-microwall) that 
the receiver also needs to contain an amplifier so that the 
received signal can be made powerful enough to actuate the 
headphones or a loudspeaker. A receiver therefore normally 
has three functions-(i) the selection of the desired signal by 
a selective tuning circuit, (ii) the conversion of the radio
frequency signals into audio-frequency signals by the 
process of demodulation or " detection," and (iii) the 
amplification of the signals to a useful power level. 

There arc two main types of receiver-the straight, or 
tuned-radio-frequency (t.r.f.) receiver, and the superhctcro
dyne receiver or "superhet." Of these the more commonly 
used today is the superhelerodync, because of its superior 

Fig. 1.59. Simple crystal r eceiver. 
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PRINCIPLES 

selectivity and case of handling. The t.r.f. receiver olTers the 
advantage of simplicity and cheapness and therefore lends 
itself more readily to home construction. 

The simplest possible receiver comprises a single tuned 
circuit and a crystal detector, as shown in Fig. 1.59. Such a 
circuit is not suitable for short-wave work since it lacks 
both selectivity and sensitivity. A triode (or tetrode or 
pcntode) valve may be used as a detector as shown in 
Fig. 1.60, the grid and cathode acting as a diode detector and 

Fig. 1.60. Simplo triodo valvo 
receiver. 

the amplifying properties of the valve providing a certain 
amount of signal maguification. Although this circuit is 
more sensitive than that of the crystal set it sti ll lacks 
selectivity. 

Both the sensitivity and selectivity of a valve detector may 
be increased enormously by applying reaction as shown in 
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f ig. 1.61, S im ple r ccoivcr usinG" a triodo valve with reactio n. 

Fig. 1.61. Radio frequency energy in the anode circuit of the 
valve is fed back to the gnd circuit by the reaction coil A. 
The series capacitor C is inserted to control the amount of 
feedback, or reaction. Dy increasing the value of C, th.e 
reaction is increased and the sensitivity of the detector is 
increased: eventually a point is reached at which self
oscillation begins. This is marked by an increase in the 
background noise in the receiver, a characteristic rushing 
sound, and by the ability of the receiver to produce a 
heterodyne beat note with a continuous-wave telegraphy 
signal. For telephony reception this circuit is used with the 
detector in a condition just short of oscillation. 

The amount of audio power available from a single 
detector stage even with reaction is small, and further audio 
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Fir. 1.62. Methods of providinr amplilic.ation in .. receiver: in (A} 
audio frequency amplifkation is appli ed to the output from the 
detec'tor: in (8) the radio frequency 1i1n~I i1 itmplified before it is 
fed into the detecto r and further amplification is provided for the 

audio frequency output from the detector. 

amplification may be added so that a loudspeaker can be 
used. This is illustrated in the block diagram Fig. 1.62 (A). 

ll is not good practice to connect an aerial directly to a 
detector valve for two reasons. Firsl, when tbe detector is 
oscillating there will be radia tion from the aerial which will 
cause interference with olher neighbouring receivers and, 
second, the optimum setting of the reaction control, a some
what critical adjustment, will be adversely influenced by 
variations in the impedance of the aerial when the receiver 
is tuned over a band of frequencies. To eliminate these dis
advantages il is common practice lo use a stage of radio 
frequency amplification ahead of lhe detector as shown in 
Fig. 1.62 (B). 

A code is sometimes used to describe the make-up of a 
Lr. f. receiver. It takes the form of a numeral representing 
the number of radio frequency amplifier stages, followed by 
the Jetter V, to represent the detector stage, and this is 
followed by a further numeral to represent the number of 
audio amplifier stages after the detector. Thus 1-V-2 means 
a t.r.f. receiver with one r.f. stage, a valve detector and two 
a.f. stages; the receiver shown in Fig. J.61 would be desig
nated O-V-0. 

The best t.r.f. receivers are not really selective enough for 
use on the higher frequeocy bands. The superhecerodyne 
receiver overcomes this drawback by changing the frequency 
of incoming signals to a lower fixed frequency called an 
i111cr111ediate frequency, usually abbreviated to i.f. At this 
lower fixed frequency, commonly around 465 kc/s, it is 
easy to obtain high selec ti vi ty and high gain with a small 
number of stages. 

A special mixer valve is commonly used for frequency 
changing. Tnto it are fed (i) the radio frequency signal and 
(ii) a locally-generated oscillator voltage whose frequency is 
higher than the radio signal frequency by an amount equal 
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Fir. 1.63. The pr inciple offrequency-chan1in1. 

to the intermediate frequency. The anode current of the 
mixer valve contains components at the signal frequency f. 
the oscillator frequency f. and the sum and difference 
frequencies f. + f. and f. - ;;: it also contains other com
ponents, but these arc of no importance in the operation of 
the receiver. The component /. - f. is the intermediate 
frequency and it is selected from the others by an i.f. trans
former which usually comprises a pair of coupled tuned 
circuits tuned to the intermediate frequency, and is then 
passed on to an i.f. amplifier. The frequency-changing 
action is illustrated in the form of a block diagram in Fig. 
J .63 while Fig. 1.64 shows a mixer circuit using a triode
hexode valve in which the various parts of the circuit are laid 
out to correspond with the block diagram. 

The block diagram of a complete popltlar type of super
heterodyne receiver is shown in f ig. 1.65. The tuning of the 
r.f. stage and the mixer and local oscillator stages is usually 
J)erforrned by a three-section ganged vi1riable capacitor. A 
techn.ical difficulty with this a rrnngcmenl is that the oscillator 
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Fi1. 1.64. A typical triodc·hoxodc mixer ci rcuit used for freq uency· 
ch:tnginr in accordance w ith the principle illustrated in Fig. 1.63. 

musl always be tuned 10 a frequency which is equal 
to the sum of the signal frequency and tbe intermediate 
frequency, irrespective of the settillg of the tuning. The 
signal and oscillator circuits arc said to track correctly if 
the above requiremenl is met. Jn order to obtain correct 
oscillator tracking it is necessary to modify the inductance 
of the oscillator coil and add two extra components, a 
trimmer CT and a paddcr C,, :is shown in Fig. 1.66. With 
this arrangement perfect tracking can be obtained at three 
points with only small errors elsewhere over quite a wide 
tuning range. F urther details will be found in Chapter 4 
(H.F. Receivers). I t should be not.cd that special tracking 
ci rcuits can be dispensed wi th if the frequency range covered 
by the receiver is small compared with the frequency itself, 
as for instance in a receiver designed exclusively for the 
amateur bands. 

Since most of the gain and seleciivity in a superheterod)'lle 
is obtained at the intermec.liate frequency it may appear 
unnecessary to use an r.f. amplifier ahead of the mixer. It 
is, however, desirable for two reasons, first to reduce or 
el iminate what is called second cl1m111d or image interference, 
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rejection particularly at higher signal 
frequencies. On the other hand a high 
i.f., while allowing good image rejection 
with few signal frequency tuned circuits 
ahead of the m ixer tends to give poor 
selectivity, unless expensive crys ta l filters 
are used, and lower stage gain. 

The double superhet principle offers 
a solution to the dilemma just described. 

Fir. 1.65. Block diagram of a typical amateur communications svperheterodyne receiver· 

In this type of receiver the signal 
frequency is first changed to a relatively 
high first i.f. in order to get good image 

and second, to improve the signal-to-noise ratio of the 
receiver. 

Second channel interference arises from the fact that there 
arc two radio freque ncies at which s ignals, if applied to the 
m ixer, wi ll give rise to an i.f. signal at its o utput . These are 
1he frequency of the wanted signal which by des ign is equal 
to the d(ffere11ce between the oscillator frequency and the 
intc rmecl iale frequency and the so-called second channel or 
image frequency which is equal to the oscillator frequency plus 
1he inte rmediate frequency. The second channel frequency 
is thus twice lhe i.f. below the frequency of the wanted signal 
and unless there is adequate selectivi ty in the r.f. tuning 
circuits to exclude signals on the second channel frequency, 
both will be received. A similar condition arises when the 
oscillator is on the low frequency side of the signal. The 
degree of r.f. selectivity required is not so high in a super
hctcrodync as in a s traight receiver since it is merely a matter 
of rejecting a spurious signal differing in frequency from 
the wanted s ignal by twice the intermediate frequency in
s tead of a spurious signal only a few kilocycles away. 

M.ixer va lves introduce noise and a weak signal applied 
direc t from an aerial to a mixer would be lost in the noisy 
background. An r.f. amplifier s1age is much less noisy than 
a mixer, and by using such a stage ahead of the mixer an 
improved signal-to-noise ratio can be obta ined. 

In many superheterodyne receivers the i.f. amplifier 
comprises two amplifier stages and three associated i.f. 
transformers between the mixer and the detector. If greater 
select ivi ty is required than can be obtained with high Q 
coi l-and-capacitor tuned transformers a c rystal filter may 
be added to the i.f. amplifier, the crystal acting as another 
tuned circuit o r extremely high Q. Such Ol ters are commonly 
used for te legraphy reception and arc described in Chapter 4 
(H.F. l?eceivers) . 

T he choice of the intermediate frequency for a receiver is 
a compromise. A low i.f. will give good selectivity and high 
stage gain but it is very difficult to obtain adequate image 
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Fig. 1.66. In the oscillator tuning circuit o( a superheterodyne 
receiver modific:itions are necessary to ensure proper tracking 
with the t unins: adjustment of the s ignal.frequency circuit over a 
wide frequency ranie.. Where the tuning range is s tric-tly limited 

s uch modifications are not necessa.ry. 

rejection and then changed again from 
that frequency to a much lower second i.f. in order to obtain 
good selectivity. For a receiver covering the amateur bands 
from l ·8 to 28 Mc/s the first i.f. might be chosen at about 
1 ·6 Mc/s and the second i.f. at 100 kc/s. 

When operating on v.h.f., triple conversion superhets are 
commonly used. Particularly at the higher frequencies it is 
common practice to use a crystal controlled first oscillator 
in a double supcrhet and tune the second osci lla tor and 
first i.f. circuits over a restricted band of frequencies (typically 
500 kc/s). T his arrangement has the advantage of good 
frequency s tability, provided by the c rys1al osci llator, and 
constant bandspread on all bands, provided by the tunable 
second oscillator. 

For c.w. telegraphy reception it is necessary to introduce 
an addit ional oscillator (known as the beat frequency 
oscillator or b.fo.) to beat with the i.f. signal in the detector 
s tage and produce an audible tone which can be read as 
Morse code. 
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CHAPTER 2 

VALVES 

THE simplest form of valve is the diode, which consists 
of two electrodes, a cathode and an anode. The two 

electrodes are contained in an evacuated bulb and con
nections are made to them thro ugh external pins or 
contacts. Jf the cathode is heated , the molecules of which the 
cathode is composed become incre:1singly agitated, and if the 
temperature is bjgb enough some of the electrons composing 
the molecules wi ll be ejected from the ca thode. 

Electron Flow 

When an electron leaves the parent molecule the latter 
becomes positively charged because the number of electrons 
remaining are insufficient to ncutr:ilize the positive charge in 
the molecule. Because the elec trons arc negatively charged, 
there is a force tending to pull them back to the cathode. The 
anode, which is positi,·ely charged to a higher potential , is 
placed near the hot cathode (usually surrounding it more or 
less completely) in order to attract these electrons. As they 
travel through the space from the cathode to the anode they 
may encounter molecules of gas (since the vacuum cannot be 
a perfect vacuum) and such coll isions will impede their 
progress. Consequently, the amount o f gas in the valve must 
be as small as possible. A valve which has been properly 
evacuated is described as hard. If an appreciable quantity of 
gas is present , the collision between the electrons and the 
molecules of gas will ionize the gas and a hluc haze will 
become visible between the electrodes; 1he valve is then said 
10 be sof1. Such a blue haze should not be confused with a 
blue glow on the inside surface of the envelope. 

Space Charge 

rn travelling from the cathode to the anode, the electrons 
form a clm1d in the intervening space, and the electric 
charge <ISsociated with this cloud is known as the space 
charge. rt tends to repel the elect rons leaving the cathode 
because it is of the same pola rity, but if the potent ial applied 
to the anode is sufficiently high, the effect of the space charge 
will be overcome and electrons will 1ravel to it from the 
cathode, the current flow is completed through the external 
circuit back to the cathode. This means that there is an 
external electron flow from anode to cathode. In accordance 
with esta blished convenlion, however, that the flow of 
electric current is "from positive to negative," i.e. in the 
opposite direct ion to elect ron now, a meter will show a 
" current " Rowing from the positive terminal of the high
tens ion supply towards the anode. 

As the anode potential is increased the electron Dow or 
current will increase up to a point where the space charge is 
completely neutralized and the total emission of the cathode 

is reached. The total emission can only be increased by 
raising the cathode temperature. 

Obviously if the anode potential is reduced to zero or is 
made negative, there wi ll be no electron flow because the 
space charge remains unneutralized. Hence the valve is a ble 
to conduct current in one direction only, and in fact the 
principal use of a diode is as :1 rectifier. 

Cathode.s 

Although several types of cathode arc used in modern 
valves, the differences arc only in the method of producing 
thermionic emission. The earliest type is the bright emitter 
in which a pure tungsten wire is heated to a temperature in 
the region of 2500- 2600° K. At such a temperature 
emission of 4 to 40 mA per watt of heating power may be 
obtained. 

Bright emitters are sti ll employed in high power trans
mitting vah·es for broadcasting but the only common 
amateur use is in diodes for applications such as noise 
generators. The life of a pure tungsten filament at full 
operating temperature is limited by evaporation of the 
tungsten, failure occurring when about 10 per cent has been 
evaporated. 

Dull emiuers arc di rectly heated thoriated tungsten 
cathodes which produce greater emission than bright 
emitters but require less heating power. Jn a dull cmilier, a 
small quantity of thorium oxide is introduced into the pure 
tungsten wire, a process known as carburization. This 
process creates an outer skin of tungsten carbide on the wire 
and facili tates the reduction of the thorium oxide to metallic 
thoria, stabilizes the emission and increases the surface 
resis tance of the cathode to gas poisoning. Typical emission 
efficiency is in the region of 30- ,IOO mA per wall of heating 
power at an operating temperature or 1900-2 100° K. This 
type of cathode is relatively fragile and valves should not be 
subjected to shocks or sharp blows. 

Provided the operating temperature is correctly maintained 
long life may be expected. In particular, the rated voltage 
should be closely controlled. 

Oxide coated cathodes arc the most common type of 
thermionic emitter fo und in both directly and indirectly 
heated valves. In th is type, the emitt ivc materia l is usually 
some form of nickel ribbon, tube or thimble coated with a 
mixture of barium and st rontium carbonate, often with a 
small percentage of calcium. During manufactu re, the coat
ing is reduced to its mclallic form and the products of 
decomposition removed during the exhaustion process. The 
active ingredient is the barium which provides much greater 
emission than thoriated tungsten at lower heating powers 
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Typically, 50-150 mA per watt is obtained al temperatures 
of 950-1050° K. 

Although the emission efficiency of oxide coated cathodes 
is high and large currents may be drawn, they are less able 
to resist the poisoning affects of gas or ion bombardment. 
This type must not be operated under temperature limited 
conditions. 

An indirectly-heated cathode is a hollow metal tube or 
sleeve, or in some cases is of thimble shape, having a coating 
of cmissive material on the outer surface. The cathode is 
heated by radiation from a metal filament, called the heater, 
which is mounted inside the cathode, and the heater is 
electrically insulated from the cathode. The emissive 
material is generally the same as that employed for fila
mentary oxide-coated cathodes and operates al about the 
same tempera ture. The cathode may be made of pure nickel 
or copper or of special alloys, depending upon the purpose of 
the valve. The heater is normally made of tungsten. 

The life of valves with oxide coated cathodes is generally 
good provided the ratings arc not exceeded. Occasionally 
there is some apparent reduction in an.ode current due lo t he 
formation of a resistance layer, between the oxide coating 
and the base metal, which operates as a bias resistor. 

ln cold cathode valves, such as gas stabilizers, the cathode 
is an activated metal surface. 

Anodes 

A valve anode is generally in the form of a hollow cylinder, 
which surrounds the cathode and other electrodes and is 
intended to collect as many as possible of the electrons 
ejected from the cathode. Jn small valves the anode is made 
of nickel or nickel-plated steel. When it is necessary to 
dissipate more heat, the nickel may be carbonized to give a 
matt black finish and thus improve its thermal rncl iation. In 
valves with higher anode dissipations the anode must be 
made of a material which can operate at high temperatures 
such as molybdenum, carbon, tantalum or zirconium; 
alternatively, radiating fins are attached lo the anode or the 
anode may form part of the external envelope of the valve 
and then it can be readily cooled by thermal conduction to a 
mass of metal forming part of an external circuit or by a 
circulating-water jacket or an air blast. With the aid of these 
cooling methods a valve of relatively small physical size can 
be made to handle very large amounts of power. 

Grid s 

The electron flow from cathode to anode can be controlled 
in various ways and for various purposes by causing it to 
pass through one or more grid electrodes; in some types of 
valve there may be as many as four or five grids in succession. 
A simple system of designation has been generally adopted 
whereby the generic name given to a valve indicates the total 
number of electrodes associated wi th the electron flow, 
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N umbe,. of 
G r-ids 

1 
2 
J 
4 
s 
6 

TABLE 2. 1 

Tot:al Numb~r 
or Elect rodes 

J 
1 
5 
6 
7 
a 

Generic: 
N ame 

Triode 
Tetro<lo 
Pen code 
Hexodc 
Hepcode 
Octodc 

starting from the cathode and ending at the anode: this is 
shown in Table 2.1. 

Grids are usually made in the form of a wi re helix but are 
sometimes composed of square-mesh gauze. The wire helix 
may be of nickel or molybdenum or an alloy wound on 
su1,port rods of nickel or copper, and it may be circular, oval 
or rectangular in section. In some v.h.f. va lves the grid is 
made or parallel wires tightly stretched across a hole in a 
disc or in the form of a squirrel cage. Many modern high 
performance valves use a form of construction known as 
frame grid which permits them to have a greater slope and 
shorter electron transit time than is possible with normal 

construction. One satisfactory 
method shown in Fig. 2.1 is to 
wind the grid wire under tension 
(about half its breaking stress) 
on a stiff rectangular frame to 
which it is firmly fixed by glaz
ing or gold brazing. This pro
duces a very rigid grid which 
can be spaced only a few thou
sandths of an inch from the 
cathode or other grids. The 
cathode must have a flat sur
face, the coating being ground 

Fie. 2.t. Cons truction flat if necessary. 
or a frame erid. fn beam valves, such as cath-

ode ray tubes, travell ing wave 
tubes <ind klystrons, the grid is in the form of a single hole i11 
a plate through which the beam passes. A voltage applied 
to the plate cont rols the beam current. This type of grid is 
oflen known as a Wehnell. 

One of the most important requirements in valve design 
is to prevent the grid from becoming overheated. For 
this purpose the grid wire may be carbonized so as to enhance 
the heat radiation from it and cooling fins arc often attached 
to t11c support rods. In some types these rods arc welded 
directly to conducting pins in the base which permit the heat 
to be transferred outside the valve. Many modern high
pcrformancc valves employ gold or platinum-plated grids in 
order to avoid grid primary emission at the unavoidably 
high operating temperatures. 

T YPES OF VALVES 
Triodes 

The insertion of a grid between the cathode and the anode 
enables the electron How to be control led by applying a 
relatively small voltage to this third electrode. To distinguish 
it from other grids serving different purposes in other types of 
valve, this grid is often referred to as the co11frol grid (g,). The 
µower absorbed in the control-grid circuit is in many eases 
exceedingly small. 

By varying the potential of this grid the space charge can 
be modified in the s:1me way as in a diode. The grid , because 
it is an open helix or mesh, does not present any mechanical 
obstruction to the electron flow, and as long as the potential 
on it is negative with respect to the cathode (or the negative 
end of the filament) it will attract no free electrons, but if it 
becomes positive, electrons will flow to it exactly as if it were 
an anode: when th is occurs grid c111Te111 will flow. In most 
va Ives grid current begins to appear a little before the 
negative bias reaches zero: this is clue partly to the random 
movement of electrons as they pass the grid on their way to 



the anode and partly to the contact-potcmial differences 
associated with the materials used in the cathode and grid 
construction. 

When it is necessary to ensure that the grid is a lways 
negative, the grid circuit must include a source of adequate 
negative voltage. This volta.ge, known as the grid bias, can 
be obtained in four ways: 

(a) An independent source of fixed voltage. 
(b) A resistor in the cathode lead. 
(c) Grid current in a grid resistor. 
(d ) Contact potential. 
In (a) the source of voltage may be a battery (usually dry

cells), or in transmitting equipment or high-power audio 
amplifiers it may be a mains-driven power unit. 

ln (b) a resistor is connected in the cathode-to-earth lead of 
an indirectly hea ted valve or between the filament-supply 
centre-tap of a directly-heated valve and earth, and the total 
cathode current flowing through this resistor causes a voliage 
drop across it and hence the cathode becomes positive with 
respect to earth; if the grid return circuit is returned to eartl1 
the grid will be negative with respect to the Clllhode. The 
resistor is known as the automatic-bias resistor nnd the circuit 
arrangement as cathode bias. 

l o (c) if the valve is operated at such an :unplilude that 
appreciable grid current flows and if the grid is connected to 
cathode and earth through a resistor, the now of grid current 
will result in the grid becoming negative with respect to 
cathode. This form of grid bias is employed in oscillators, 
frequency multipliers and class C amplifiers and is known as 
grid-leak bins. 

In (d) the grid is connected to the cathode through a high
value resistor (usually 1- 10 Megohms) and the Oow o f a smal 
amount of grid current will bias the grid to a lmost the contact 
potential. This form of grid bias is suitable only for small 
valves having very small signal input vollages. 

If the grid potential is varied, the anode current will vary in 
a corresponding manner; further, if a resistance is connected 
in the anode circuit, the voltage drop across il will vary also 
in the same way. lf this resistance has a suitable value the 
variation of voltage drop will be of greater amplitude than 
the varia tion of grid voltage; hence the ability of the triode 
valve to amplify. 

If the relationship between the variation in grid voltage and 
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Fig. 2.3. Anodc. curront/an ode--volt:ag:e eharacteris tia of a triode. 

the change in anode current is plotted graphically, the 
resultant graph is known. as a characteristic cur11e. A series o f 
such curves may be plotted with different anode voltages : 
the set of curves is known as the anocle-currcnt/grid
voltage characteristics (/./ Vg). A second series of curves 
may be plotted for anode current versus anode voltage 
for a series of different grid voltages. These arc known as 
the anode-current/anode-voltage characteristics (!./ V.) . 
Examples a rc shown in Figs. 2.2 and 2.3. 

T etrodes 
A tetrode valve is a triode with an additional grid, known 

as the screen (g2) interposed between the control grid and the 
anode. When this screen is maintained at a steady positive 
voltage, it is found that the amplification factor of the valve, 
as compared with the triode, is very much higher, the im
pedance is also greatly increased. 

The reason for this increased amplification lies in the fact 
that the anode current in the tetrode valve is far less depen
dent on the anode voltage than it is in the triode. In any 
amplifier circuit, of course, the voltage on the anode must be 
expected lo vary since the varying anode current produces a 
varying voltage-drop across the load in the anode circuit. A 
triode amplifier suffers from the disadvantage that when, for 
instance, the anode current begins to rise due to a positive 
half-cycle of grid volta ge swing. the anode voltage falls (by 
an amount equal 10 the voltage developed across the load) 
and the effect o f the reduction in anode voltage is to diminish 
the amount by which the a11ode current would otherwise 
increase. Conversely, when the grid voltage swings negatively 
the anode current falls and the anode voltage rises. Because 
of this increased anode voltage the anode current is not so 
low as it would have been if it were independent of anode 
voltage. T his means that the full amplification of the triode 
cannot be achieved. The introduction of the screen grid, 
however, almost entirely eliminates the effect of the anode 
voltage on the anode current, and the amplification obtain
able is thus much greater. 

A screen is found to function best wben its voltage is 
below the mean value of the anode voltage. Most of the 
electrons from the cathode are thereby accelerated towards 
the anode, but some of them are unavoidably caught by the 
screen. The resulting screen current serves no useful purpose, 
and if it becomes excessive it may cause overheating of the 
screen. The tott1l cathode current is equal to the sum of the 
screen and anode currents. 
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Another important effect occurs when a screen grid is 
i ntroduccd into a triode: provided that the screen is kept at a 
constant voltage (not varying wi th the signal) it reduces the 
capacitive coupling between the control grid and the anode 
and therefore helps to eliminate unwanted feedback in 
amplifier circuits especially at radio frequency. To take full 
advantage of this feature the screen grid is made with a finer 
pitch or smaller mesh size than would be necessary merely to 
obtain greater amplification, and auxil iaryelectrostat icshields 
arc built in to the structure in an attempt to reduce the 
grid-to-anode capacitance to the lowest practicable value. 
U the size of the apertures in the screen is made too small 
the electron flow to the anode will be seriously impeded, but 
with a reasonable compromise the residual capacitance 
between control grid and anode can be made 1 ,000 times 
smaller than in a triode. The improved stability in a radio
frequency amplifier depends ou the constancy of the screen 
voltage, and it is for this reason that thorough capacitive by
passing of the screen to earth (i.e. decoupling) is so important. 

T here is :mother type of tetrode, known as a space-charge 
grid tetrode, in which a positively charged gricl is interposed 
between the cont ro l grid and the cathode. T he purpose of 
this positive grid is to overcome the limiting effect of tbc 
negative space char.gc a nd thus enable the valve to operate 
efficiently with very low anode voltage (for example, a 
12 volt supply as used for mobile equipment). 

The tetrode suffers from the disadvantage th:it, when the 
anode voltage swing is so great that on downward peaks it 
fa lls below the screen voltage, there is a flow of secondary 
electrons from the anode to the screen. The effect of this 
secondary emission is to cause a drop in anode current and a 
rise in screen current, which in ordinary amplifier circuits 
results in serious distortion and a reduction in useful power 
output. 

Pentodes 

By introducing an additional grid between the screen and 
the anode and fixing its potential at some low value, usually 
cathode or earth potential, the flow of secondary electrons 
can be prevented. The valve can then be operated wilh much 
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CATHODE~---~IL/ 

CONTROL GRID---1-'+.I' 

SCREEN GRID -

Fig. 1.4. Internal construction of a b e.am power tetrode valve. The 
draw ins shows the focused sueams of elenrons between the a ligned 
turns of the control arid and the. screen arid, :ind also the beam .. 
form ina or confininc plates which shield the anode from the e lec· 

t ron1 arrivin1 from th~ regions of the support w ires. 
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larger anode-voliage swings without distortion and witJ1ou1 
reduction in power output. This tl1ird grid is known as a 
suppressor grid (g3) and a tetrode which bas been modified in 
this way becomes a pentode. 

Other methods arc also in use for suppressing secondary 
emission, for example, by increasing the separation between 
the screen and the anode unt il the secondary electrons have 
insufficient energy to reach the screen (as in the " Harries 
Critical Anode-Distance Valve") or by introducing small 
fins projecting inwards from the anode. l o anotber method a 
pair of deflecting plates is fitted near the anode and con
nected to cathode or earth. Valves having this form of con
struction arc known as beam tetrodes or kiukless tetrodes. 
The term " kinkless " refers to the absence of tbe kink 
which appears in the characteristic curve of the simples t 
type of tetrode due 10 the now of secondary emission 
electrons from anode to screen a l low anode voltages. 

Beam Tetrodes 

A beam tetrode employs principles not found in other types 
of valves in that the electron stream from the cathode is 
focused towards the anode. The control grid and the screen 
grid are made with Lhe same winding pitch and tbey are 
assembled in the valve so lhat the turns in each grid are in 
optical alignment: sec Fig. 2.4. T he effect of the grid and 
screen turns being in line is 10 reduce the screen curre111 
compared with a non-beam construction. For example, in a 
pen10de of ordmary construction tbe screen current is abou1 
20 per cent of the anode current, whereas in a beam valve the 
figure is 5-10 per cent. 

The pair of plates for suppressing secondary emission 
referred to above arc bent round so as to shield the anode 
from any electrons coming from the regions exposed to the 
influence of the grid support wires at points where the 
focusing of the electrons is imperfect. These plates arc 
known as beam-co11fi11i11g or beam-forming plates. 

Beam valves were originally developed for use as audio
frequency output valves, but the principle is now applied to 
many types of radio-frequency tetrodcs both for receiving 
and transmitting. Their superiority over pentodes for a.f. 
output is due to t he fact that the distortion is caused mainly 
by the second harmonic <1nd only very slightly by the third 
harmonic, which is the converse or the result obtained with a 
pentode. T wo such valves used in push-pull give a relatively 
large output with small harmonic distortion because the 
second harmonic tends to cancel out with push-pull connec
tion. Fig. 2.5 shows 1hc characteristic curves of a beam valve 
and a pentocle of equivalent size. T he line AB is a load line 
drawn on the curve. It will be seen tbat the line extends 
farther to the left bcf'ore il cuts the zero grid-volts curve 
than is the case with the pentocle; this indicates a grea1er 
power output because the power outp ut is proportional to 
the product of the change in anode voltage between points 
A and B o n the horizontal axis and the change of anode 
current belween points A nnd B on the vertical axis. 

The widespread use of beam power valves as r. f. amplifiers 
and frequency doublers, etc. is referred to later in this 
chapter. 

Gated Valves 

It is convenient for many purposes to be able to control the 
output of a vah·c from two different sources. If sufficient 
negative voltage is applied to the suppressor grid of a pent ode 
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valve the anode current can be cut off. The effect of cut
ting off the anode current is to cause a considerable increase 
in screen current; care must then be taken to avoid exceed
ing the safe screen dissipation. Ir the suppressor grid 
is biased negat ively to cut off the anode current and if a 
positive pulse is then applied to it, an input fed to the control 
grid will affect the anode current only during the pulse, as 
if a gate were opened, the pulse being called a gating pulse. 
Because it is difficult to control accurately the magnitude of a 
pulse, it may happen that the suppressor grid is pulsed 
positively into the region where it wil l take current and 
"rob" the anode. To avoid such a possibility a diode is 
usually connected between this grid and cathode to act as a 
low-impedance shunt and thereby prevent a significant posi
tive voltage. In certain valves specially intended for this 
purpose, a diode is built on the suppressor grid, which is then 
known as a dioded wppressor grid, and the pitch of the turns 
in the suppressor grid is made fin er so that the anode current 
is cul off by a voltage of the same order as tha t of the control 
grid . .Instead of a suppressor grid, specially designed beam 
plates may be employed (as in the beam tetrode) in conjunc
tion with aligned control and screen grids, and the resultant 
valve is a gated-beam valve. 

Examples of the use of these valves arc television syn
chronizing circuits, radar, and volume compression and 
expansion. 

VALVE C HARACTERISTICS 

The performance characteristics of all va lves as published 
by the makers arc based on the assumption that the cathode 
is maintained at the proper operating temperature, which in 
most cases also has an important effect on the useful life of 
the valve. Under-running may be as detriment.al as over
running, particularly in gas-discharge valves such as mcrcury
vapour rectifiers. 

The characteristics are also related to the specified values 
of anode and grid voltages, and while it is possible and often 
convenient lo operate a valve with anode and screen voltages 
below the rated values there will genera lly be a deterioration 
in performance but the life and reliability will be increased. 

VALVES 
Mutual Conductance 

The rat io of the change of anode current to the change of 
grid voltage while a constant anode voltage is applied is 
known as the 11111t11al co11d11cta11ce or slope (g.,) of the valve 
and is expressed in milliamperes per volt. It is also sometimes 
expressed in micromhos, which is a unil of conductance 
( I mA/V is equal to IOOO micromhos) . 

Amplification Factor and Impedance 

If the grid is made more nel!lltive and the anode voltaae 
raised, or if the grid is made -less negative and the anode 
voltage lowered, it is possible to adjust the relative values so 
as to keep the anode current constant and at the same value 
in each case. T he ratio of change of anode voltage to change 
of grid voltage for constant anode current is known as the 
a111plificatia11 factor v•). Valves are frequently classified as 
low-1• (less than 10), medium-I-" (10- 50) and high-I-" (greater 
than 50). 

Ir the tmode voltage of a valve is altered and the grid 
voltage kept constant, the anode current will change. T he 
ratio of change in anode voltage to change in anode current 
for consiant grid voltage is known as ihe impedance (r.), 
a.c. resistance or slope resistm1ce of the valve. It can be 
considered as behaving in the same manner as ihe internal 
resistance of a battery or generator. 

fmpcdance, rnuti1al conductance and amplification factor 
of a v;i lve arc related by the cquation-

J111peda11ce (ohms) = A111pfijicatio11 Factor x 1000 
Mutual Co11d11cta11ce (111A/ V) 

Mutual conductance and impedance arc equal to the slopes 
of the 1.1 v~ and of the v.11. characteristics respect ively. 

Inner a nd Outer Amplification Factors 

Jn a tet rode or pcntode valve the screen grid (g2) can be 
considered as an anode and in fact may be employed as part 
of the anode. For example, if the valve is used as a triode by 
connecting the anode and screen together, the amplification 
factor as defined above when measured between control 
grid (g,) and the screen grid (g!) is known as t he inner 
ampli/iclllion factor or inner,.., and this ngure can be taken 
for practica l purposes to be theµ of the valve when connected 
as a triode. 

Similarly if the screen grid (g2) is considered as a control 
grid in conjunction with the anode, the rat io of change of 
anode voltage to change of screen-grid voltage for a constant 
anode current is known as the outer a111plijicatio11 factor or 
011ter1•. 

Load Impedance 

The resistance or load connected in the anode circuit of a 
valve is known as the load impedance. For triodes this has a 
value of I- JO times the valve impedance (except in special 
cases), depending upon whether the valve is employed as a 
voltage nmplifier or as a power amplifier. A voltage amplifier 
is one such as would be used as an intermediate stage in an 
audio amplifier and is usually resistance-coupled. A power 
amplifier would be used in an output stage feeding a loud
speaker or as an anode modulator in a transmitter. 

Cut-off T ail: Variable-µ 

When an increasing negat ive vol tage is applied to the 
control grid of a valve tbe anode current falls, and the grid 
voltage at which the anode current falls to a specified low 
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value is defined as the cut-off point; the measurement is 
called a c11t-ojf or tail test. The reduction in anode current 
towards cut-olf is accompanied by a corresponding reduction 
in mutual conductance. For some purposes such as radio 
frequency and intermediate frequency amplifiers having 
automatic gain control, the reduction in mutual conductance 
with increasing negative grid bias should be gradual rather 
than abrupt. This is achieved by employing a grid which 
either bas some of its turns missing (i.e. in effect a hole) or is 
wound with a non-uniform pitch. Valves using such grirls 
are known as variable-µ. or remote cut-off valves. The cut-uff 
in these valves is generally stated to be the grid voltage at 
which the mutual conductance falls to one hundredth of its 
normal operating value. 

Variable-µ vaivcs are classified in the following way in 
terms of the grid cut-off voltage, expressed as a percentage of 
the normal rated screen voltage : 

Semi-remote cut-off . . 
Remote cut-off 

10-20 per cent 
Greater than 20 per cent 

Sometimes valves are merely divided into two varieties
s/iort grid base and long grid base-corresponding to the 
relative grid voltage required for cut-off, the name originating 
from the appearance of the laf V, characteristics. 

Voltage Gain 
In a voltage amplifier, the gain per stage is proportional 

to the ratio of the external load impedance to the valve 
and load impedances because these impedances act as a 
potent ial d ivider. This can be expressed as: 

Amplification x External Load 
Factor Impedance 

Voltage Gain= 
External Load + 

Impedance /111peda11ce 
Valve 

R 
=µ. X R + r. 

For example, a valve having an ampli(ication factor of 50 
and an impedance of 50,000 ohms working into an external 
load of 50,000 ohms will give a stage gain of: 

50 x so,ooo = 25 
50,000 + 50,000 

Thal is to say, the potential division between the equal 
impedances has halved the effective amplificat ion factor. If a 
valve having a higher mutual conductance (i.e. for the same 
amplification factor a lower impedance) is chosen, 1hc s tage 
gain will be 'increased. 

In the case of an amplifier where the load impedance is 
very low compared with the valve impedance (Sllch as in a 
television receiver), the gain can be obtained approximately 
from the expression: 

Voltage Gain = Jv!utual Cond11cta11ce x Load Impedance 

This is derived from the fact that in the earl ier formula the 
term " amplification factor" can be replaced by " mutual 
conductance x valve impedance" and the denominator can 
be written as "valve impedance" since the load impedance 
is small in comparison. 

Anode Dissipation 

T he power expended in the anode of a valve and liberated 
as beat is known as the anode dissipation. The term must not 
be confused wi th either power output or power input. 

In any valve the anode dissipation is the remaining power 
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in tbe valve after the useful power output has been deducted 
from the power input, i.e. the h.t. supply to the anode. In 
amplifiers operating in class A, the anode dissipation can be 
considered approximately as the input power, s ince the 
output is rela tively small but for oscillators or class B or C 
amplifiers the dissipation may be only 40 per cent of the 
input power, depending upon tbe efficiency obtained. 

Anode dissipation in excess of the rated maximum will 
raise the anode to a temperature above its safe limit. T his 
results in the rele:1se of occluded gas which will poison the 
cathode and reduce its emission; it can also cause anode 
primary emission or even melt the anode. 

Screen Dissipation 
In a multi-grid valve such as a pentode an appreciable 

amount of power is dissipated in the screen grid and this is 
known as screen dissipation. It is of considerable importance 
in transmitting valves and line-scan va.l ves for television. 

Grid Dissipation 

When power is dissipated in a grid other than the screen 
grid, it is referred lo as grid dissipation. It requires special 
attention in class C <impli fiers and space-charge grid tetrodes. 

O ptimum Load 

The performance of a power amplifier is dependent on the 
value o f the load in the anode circuit. For a given set of 
operating conditions it has an optimum value giving reason
able power output consistent with low harmonic distortion. 
This optimum load is usually quoted in valve data sheets in 
conjunclion with the o ther circuit conditions. For push-pull 
operation, the optimum anode-to-anode load is quoted and 
has a va lue rather lower than twice that for a single va lve. 
This is part icularly true of pentode valves (as distinct from 
triodes and tetrodes) because the load in a single ended 
pentodc stage is usually chosen for minimum second har
monic whereas that for a pair of valves in push-pull is 
chosen for minimum third harmonic. 

If valves arc operated in class B, the optimum load will 
differ from that for operation in class A. 

Power O utput 

Power output is always a relative term and ii is often 
ambiguous; it therefore needs to be carefully defined. Tn the 
case of an amplifier the harmonic content of the output must 
be s ta ted, and in the case of oscillators the circuit conditions 
and frequency must be known. For fully driven class A 
amplifiers the approximate power output may be calcula ted 
by multiplying the r.m.s. input voltage (0·707 x grid bias) 
by he mutual conductance al the operating point (converted 
to amperes per volt), squaring the resu lt and multiplying 
this by the output load impedance. For example, if a valve 
has a grid bias of - 16 volts and a mutual conductance of 
2·5 mA/ V and is working into an output load of 6000 ohms, 
the maximum power output would be: 

( 0·707 x 16 x --22.) ~ x 6000 = 4·8 watts 
1000 

It should be borne in mind that this formula takes no 
account of distortion. Since it is not possible iu practice to 
drive the grid much nearer the positive region than - 1 volt 
without causing grid current to flow, it is necessary to deduct 
1 volt from the grid bias in order to obtain the maximum 



penrussible grid-voltage swing. Furthermore, tbis formula 
assumes that the output load is low compared with the valve 
itupedance. 

Load Lines 

Load lines are lines drawn on the characteristic curves of a 
valve from which can be calculated the performance under 
specified circuit conditions. A load line drawn through the 
operating point on the anode-current/anode voltage curves 
of a n output valve having a slope equal to the output load 
can be used to determine the useful output power and the 
harmonic distortion. F or example, in Fig. 2.5 the line 
AB represents a load impedance given by: 

450 vohs 
180 milliamperes = 2500 ohms 

Input Impedance and Input Admittance 

When the grid and cathode of a valve are connected across 
a resona nt circuit, the performance of this circui t is modified; 
this modification results from the input of a valve having 
resistive and reactive components effecti\'ely in parallel with 
tbe circuit. T he resistive component is due to leakage, to 
dielectric losses in the valve base and grid insulators, and to 
electron transit-time phenomena, internal lead impedances 
and other factors. As the frequency is increased this resistive 
component decreases in value at a rate approximately pro
por tional to the square of the frequency: it also varies 
inversely as the slope (gn,) and is known as input impedance 
sometimes quoted as input admittance. 

T he reactive component is due to the capacitance between 
thz input electrode and the other electrodes and also includes 
the capacitances between the leads and the pins in lhe base. 
T he values quoted by manufacturers are sometimes given as 
input capaci1a11ce and sometimes as an electrode capacitance 
to all other parts. They are generally measured with the 
valve cold, and the figu re obtained when the valve is working 
normally will be higher, the value ihen depending upon the 
circuit and the operating conditions of the valve. 

The input capacitance can be further increased by a factor 
depending on the nature of the output load. Since the signal 
voltage applied to the grid is opposite in phase to the resultant 
signal anode voltage, a circula tory current flows through the 
grid-to-anode capacita nce. The input signal has to furnish 
this capacitative current, and therefore "sees" an effective 
capacita nce additional to the reactive component mentioned 
above. T he higher the anode load, the greatel' the voltage 
amplification and the higher this capacitance becomes. The 
effect is known as the Miller effect and can be avoided when 
essential by neutra lizat ion. The extra capacitance in a 
resistance-coupled amplifier is equal to C ,,..,> A where A 
is the voltage amplification of the stage. 

Equivalent Noise Resistance 

If electrons were infinitesimally small and infinitely 
numerous, it could be imagined that they would reach the 
anode in a perfectly steady stream. However, because the 
electron emission consists of a flow of discrete clcctricaJ 
charges the ra te at which the current arrives at the anode 
shows slight but appreciable fluctuation. This random 11.uctu
ation in a node current is known as shot noise and is so called 
because when amplified it resembles the noise produced by a 
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hail of shot faJliJJg on a metal surface. Although the noise 
is developed (i.e. first appears) in the anode circuit it can be 
more conveniently regarded as the noise which would be 
generated if an equivalent noise voltage were applied to the 
grid. For the purposes of comparison with the noise 
generated by thermal agitation in a resistor (koown as 
Joh11so11 noise) it is convenient to express the shot noise 
generated by a valve also in terms of a resistor: this is an 
imaginary resistor which if connected in series with the grid 
would generate the same amount of noise as that produced 
by the valve and is termed equivalent noise resistance (R .. ). 
The value of R., may be calculated as follows: 

For a triode used as an amplifier: 

2·5 . R,, = - - kilohms 
g .. 

For a pentode used as an amplifier-

R I. (2·5+20 /•~) k ' l l ,, = -.J...-- - -- 1 0 1ms 
J. 1 / 92 grn Cm 

In these fo rmulae the currents are expressed in milliamperes 
and the mutual conductance is expressed in mill iamperes per 
volt, all being measured at the operating point. 

The noise generated by a multi-grid valve (e.g. a 
pentode) is much higher than that generated by a triode 
owing to the partition effect of the anode and screen currents. 
Although not aU of the noise originating at the cathode is 
developed in tbe anode circuit (since not all of the cathode 
current reaches the anode) there is a large part ition-noise con
tribution caused by the element of chance as to whether any 
given electron goes to the anode and then through the anode 
ci rcuit or to the screen and 1101 through the anode circuit. 

Since the value of R,, is determined by the valve charac
teristics, which do not alter with frequency over its normal 
working range, it can usually be taken that the equivalent 
noise resistance is also independent of frequency. 

Induced Grid Noise 

The random variations in tbe electron stream as it passes 
the grid on its way to the anode induce a noise voltage in the 
grid circui t by reason of the electro-static charges carried by 
the electrons. This voltage depends on the nature of the 
impedance in the grid circuit and on the frequency at which 
the circuit is operating. At low and medium freq uencies the 
effect is negligible because the voltage induced by the elec
trons approaching tbc grid is neutralized by that induced by 
the receding electrons, whereas at very high frequencies the 
time of transit of the electrons corresponds to an appreciable 
fraction of a cycle and this leads to a phase difference 
between the approaching and the receding electrons. The 
resultant induced grid current bas a component which can 
be more or less taken into account by supposing the con
nection of an appropriate resistance across the grid circuit. 
This resistance acts as a generator of thermal noise at an 
equivalent temperature to that of the valve cathode, i.e. 
about five times the absolute room temperature; the noise 
so generated is known as induced grid noise. Because it 
appears as a shunt to the grid circuit this resistance also 
results in a reduction of the input impedance; it is usually 
expressed as a conductance in micromhos and is known 
as the transit-time cond11cta11ce, the value increasing 
approximately as the square of the frequency. 
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N oise Factor 

The effects described make necessary the evaluation of the 
perfo rmance of a valve by taking into account the frequency 
of operation. Al frequencies above 20 Mc/s, the noise factor 
must be measured. This can be done with the aid of a 
thermionic noise diode up to 400 Mc/s or a gas noise source 
for higher frequencies. 

The noise factor may be calculated from the formula: 

e 
Noise Factor F = 2 KT [4 R,. 

where e = electron charge 1·59 x 10-19 coulomb 
K = 1Jol1z111an's constant 1·372 x 1043 joules per °K 
T = Temperature of source ° K 
1,1 = Noise dfode current in amps required to double 

1/te receiver noise output 
N, = Source resistance i11 oftms 

Al normal room temperature the formula may be s impli
fied to : 

F(db) = 1010, (20 J. R,). 

Hiss 

T he no ise generated by a va lve when used as the first s tage 
o f a high-gain amplifier, usually at audio frequency, is 
known as hiss. This noise includes shot noise and that due to 
va rious inter-electrode leakages but it does not include hum. 
It is genera lly expressed as an equivalent noise voltage in 
microvolts appl ied to the control grid. 

Hum 

Valve hum is the component of the anode curren t resulting 
from modulation or the electron stream due to the use of an 
a.c. filament or healer supply. Wbeo a cathode is heated by 
a.c. thccurrenl generates a magnet ic field which can modulate 
che electron stream, and a modulating voltage is injected 
into the control grid through the inter-electrode capacitance 
a nd leakages: additionally there can be emission from the 
heater in an indirect ly-heated valve. The hum is usually 
expressed as an equivalent voltage (in microvolts) applied to 
the control g rid. Valve hum should not be confused with 
hum generated in o ther circuit components. 

Primary Emission 

In an indirectly-heated va lve it is possible for the tungs ten 
heater to become contaminated with emissive matenal and so 
emii electrons. T his is known as heater emission. The emitted 
electrons wi ll be attracted to any electrode which is positive 
with respect to the heater, and such an electrode may be the 
cathode or the screen grid or anode; it can even be the control 
grid, which although generally negative to the cathode can 
become sufncicntly positive to one end of the heater during 
at least part o f the a.c. cycle of the heater supply. This 
explains why ii' is sometimes recommended that the centre
tap of the hea ter supply should be connected to a positive 
point in the ci rcuit to reduce hum. The grid can thereby be 
maintained al a negative potential with respect to the heate.r. 

Grid primary emission is a condition in which a grid com
mences to emit electrons itself and, figuratively speaking, 
competes with the cathode. The effect is produced by the 
heating of the grid which may be caused by an excessive flow 
of grid current or by the close proximity of the hot cathode or 
by radiated heat from the anode. T he effects are accentuated 
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if the grid becomes contamina ted with active cathode 
material, which can happen if the valve is appreciably 
over-run even for a relatively short time. 

The control grid, the screen and tbe suppressor grid arc all 
subject to these effects. They arc avoided by keeping the 
grid-cathode resistance low and by avoiding excessive heater, 
anode or bulb temperature (i.e. by not over-running the 
valve). 

Two examples of the effects of control-grid p rimary 
emission can be given: 

(a) Jn a small output valve the anode current rises steadily 
accompanied by distortion due to grid current llowing 
in the h igh-resis tance g rid leak in such a direction as to 
oppose the grid b ias. 

(b) ln a power amplifier or frequency multiplie r in a 
telegraphy transmitter the drive diminishes when the 
key is he ld down, accompanied by rising anode current. 

A consequence of primary screen emission in an oscillato r 
o r ampli fier is that when the screen voltage is removed, for 
example by keying, the output is maintained often fo r quite 
long periods if the va lve is a lready hot. 

Anode primnry emission is similar to grid emission but 
occurs when the anode atta ins a sufficiently high temperature 
to emit electrons. This effect occurs mostly in rec tifiers and 
causes breakdown between anode and cathode. 

Secondary Emission 

When an elec tron which has been accelerated to a high 
velocity hits an electrode such as a grid or anode, electrons 
arc dislodged and these electrons can be attracted to any 
other elect rode having a h igber potential. This e ffect is 
termed secondary emission. Under controlled conditions one 
electron can dislodge several secondary electrons, and a 
series o f secondary-emitting "cathodes " will give a con
siderable gain in electrons. This p rinciple is used in the 
elect ro n-multiplier type or valve. 

Conversion Conductance 

The te rm co1ll'ersion cond11ctaucc is used in regard to 
detectors o r frequency changers to represent the ratio of the 
output current of one frequency lo the input voltage of 
another frequency. As applied to tbe mixer of a supcr
hcte rodyne receiver, for example, the convers ion conductance 
1s the current in the anode circuit at intermediate frequency 
(measured in mieroampcrcs) divided by the input voltage to 
the g rid at s ignal frequency. The symbol commonly used is 
Ce and it is genera lly measured in microamperes per volt. 

Conversion or Translation Gain 

Conversion o r transla tion gain is the ra tio or inter111ccliate
l'rcqucncy output vo ltage to rad io-frequency input vo ltage. 
It can be obtained from the conversion conduc tance if the 
dynamic resistance and other parameters of the i.f. trans
former used in the mixer anode circuit arc known. Both 
terms relate to the efficiency of a mixer but the conversion 
gain takes into account the output circui t while the conw!rsion 
conductance refers only to the valve and its operating condi
tions. 

Cathode-interface Impedance 

When a valve is operated for long periods particularly with 
low cathode current or at complete cut-off, the mutual con
ductance steadily falls and so also docs the available peak 



euuss1on. This effect is due to the growth of a film between 
the metallic cathode and its emissive coating. This film 
possesses an impedance-thej cathode i111erfare impedance
whicb may be represented by a resistance with capacitive 
shunt connected in series with the cathode and actin g as an 
autornal ie bias resistor. The falling pcrJormance is some
times colloquially termed sleepy sickness. The ra te of growth 
of interface resistance is considerably affcctetl by the material 
of the ca thode and is accelerated by high tempera tures result
ing from excessive heater voltage. Since the cathode-interface 
resistance is normally of the order of a few. hundred ohms 
it bas a most serious effect on valves having a high slope and a 
short grid base because the normal cathode resistor is likely 
to be comparable with this value. The effect of the parallel 
capacitance is to make the drop in performance less 
noticeable as the frequency is increased. 

Contact Potential 

A small potential difference exists between electrodes of 
dissimilar materials in a valve irrespective of any externally 
applied potentials. This is known as the co11tac1 potential. In 
a simple diode there is a potential difference between the 
anode a11d the cathode which causes a current lo fl ow in any 
external circuit from anode to cathode. The magnitude of 
this contact potential depends on the cathode material, the 
type of cmissive coating, the anode material and any con
taminating film present upon its surface. Jts value (anode to 
cathode) is between +I volt and -0·5 volt, but is most 
frequently positive; it is affected by cathode tcm~rature and 
varies throughout the life of the valve. Jn a triode or any 
other valve with a control grid a potential difference exists 
similarly between the control grid and cathode and between 
other electrodes. All electrodes except the control grid and 
possibly the suppressor grid can be ignored in practical 
applications, because the current clue to it is snrn ll compared 
wi th o ther currents flowing in the circuit. The contact 
potential is effectively in series with the control grid, with the 
result that if no external grid bias is applied grid current wi ll 
tlow in the external circuit in the same manner as in a diode. 
H an increas ing external grid bia~ is applied, a value ~f 
negative bias is reached when the grid current ceases and tb1s 
is a measure of the contact potential for this particular valve. 
In order to operate the valve satisfactonly it is necessary in 
most cases to increase the bias still further to a point where 
the maximum posit ive signal input does not swing the grid 
more posi tive than the contact potential. 

USES OF VALVES 

The Valve as an Amplifier 

When a valve has an impedance connected in series with 
its a node supply and the voltage on its grid is varied, the 
resultant change in anode current will cause a voltage change 
across the impedance. This impedance may be a resistance, 
an inductance, or in some cases it may behave like a capaci
tance, as for example in a circuit resonant at a frequency 
below the operating frequency. 

Class A Operation 

The curve in Fig. 2.6 shows graphically the operalion of a 
valve working ns a n amplifier. This curve, whicl1 is known as 
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Fig. 2.6. A triode valve operating as a class A •rnplilicr. 

the d1aracteris fic curve of the valve, shows how the anode 
current varies with grid voltage. If the grid bias is fixed a t 
the point A, which corresponds to the centre o!· the use'.ul 
straight portion of the curve (i.e. where the grid potential 
remains negative), any complex alternating voltage applied 
to the grid will be reproduced as a similar complex wave 
of increased amplitude ill the anode circuit. Since the 
travel of the operating condition is up and down the slraight 
portion of the curve, the output wave shape will be exactly 
similar to that or the input and no distortion will result, but 
if the bias is adjusted so that the valve operates over a curved 
portion of the characteristic, there wil.l be a Daltcning of the 
corresponding half-cycle and distortion will result. T he 
method of operntion where the grid bias is fixed nt the centre 
of the s traight portion of the curve is known as class A 
operation. . 

The amount or distortion produced by a 11on-l111ear 
amplifier is usually expressed ill terms of the harmonics 
which are generated by it. 1.f the input has a complex w~v~
form, the analysis of the distortion is very difficult and n is 
much more convenient to consider the distortion of a simple 
sine-wave input. When a sinusoidal input is applied to an 
amplifier operating over a curved portion or its charac
teristic the distorted output is found to contain not only the 
amplifi~d fund amental but a lso a number or harmonics (all 
of wbich are of course sinusoidal). This can be deduced 
mathematically by what is known as Fourier Analysis. The 
respective amplitude of each harmonic expressed us a per
centage of the runclamcntal is known as the verce111agc 
harmonic co11te11t. Taken collectively the total effect can be 
calculated by adding together all the individual harmonic 
components. Since the power represented by the oscillatory 
wave is a function of the square of the voltage (or the current} 
the effective total hor111011ic co111e11t of the distorted wave will 
be given by the square root of the sum of the s~uarcs of tl~c 
voltage (or current) amplitudes of the respective harmonic 
components and not by simple addition. . . 

Distortion of a similar kind occurs when Lhe mpul signal 
has a complex waveform. In just the same way as the d i~
torted output or the original sinusoidal si~oal referred to m. 
the previous paragraph can be resolved mto n numl~er ol. 
components comprising the fundamental :111d n series o t 
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PUSH - PULL 
AMPLI FIER 

Fie. l.7. Pu1h·pull and parallel a mplifier circuits. 

harmonics, so can a complex input signal itself be resolved 
into a fundamental and a series of harmonics. If such a 
complex input signal is fed into a non-linenr amplifier each of 
the sinusoidal components comprised in it wi ll be subject to 
distortion by the curvature of the clrnrnc!eristic and wi ll 
appear in the output as a series of harmonically related com· 
ponents. Cross-modulation will also occur and add con
siderably to the total distortion. The complete analysis of 
the distortion of a complex wave would need to take into 
account the relative phases of its harmonic components, but 
fortunately this is unnecessary in the design of communica
lions equipment. 

Push-pull a nd Parallel Amplifie r s 
When ii is necessary to obtain more output than can be 

provided by one valve, two or more may be connected in 

,.... 
UJ z 
0 uJ ocr z a: 
<( a 

CLASS AB2 - --j AB2 

push-pull or in parallel. Fig. 2.7 shows the connections for 
these two methods. The principle used in the push-pull 
arrangements is that whenever the grid of one valve is going 
more positive the other is going more negative, and in con
sequence the a node current of one valve is rising as the other 
is falling; hence the name push-pull. 

In parallel operation, the grids are coruJectcd together and 
the anodes arc connected together with the result that the 
output is increased in proportion to the number o f valves 
used. ln regnrd to distortion, the relative harmonic content 
is the same as for one valve alone, whereas in the push-pull 
system all even harmonics (second, fourth, sixth, etc.) 
are cancelled out, due to the method of operation. Jt 
follows therefore that two valves connected in push-pull 
will give a considerably greater output for the same degree of 
distortion than t\\ice that obtained from "single-ended" 
operation, i.e. from a single val,·e. 

C lass AB I Operation 
As mentioned above, when valves are operated in push-pull 

some of the distortion produced by curvature of the charac
teristic is cancelled out. This is taken advantage o r in class 
ABJ operation by employing a negative grid bias slighlly 
greater than that for class A operation an<l aUowing the signal 
input voltage to swing over tbe entire curve up to the point 
where grid current starts. A large part of the distortion which 
is thereby introduced is automatically cancelled by the push· 
pull mode of operation. 

Class AB2 O peration 
U class ABI operation is carried a stage further and the 

negative grid bias is increased to a value where the anode 
curren t is qui te low and if tbe signal input is allowed lo 
increase so that the grid voltage swings into the positive grid 
region, the power output is further increased. Class Ail2 
operation is intermediate between class ADl and class B and 
is frequen tly employed for large a.f. power amplifiers. Sec 
F ig.2.8. 

Class B Operation 

It has already been explained how a valve must be operated 
over the straight.portion of tbe characteristic if distortion is 

to be avoided in single-ended operation. The straight 
portion of a valve curve is only a small part of the 
whole, and consequently if it were possible to use 
nearly nil of !he curve without introducing distortion, 

OUTPUT much more output would be available. This can be 
SIGNAL achieved in practice by a method known as class B 

h--~ 
I 

operation, in which the valve is operated at the cut-off 
poiot on the curve. This is shown in Fig. 2.9, from 
which il will be cvideot that the negative half-cycle is 
almost completely suppressed. If the valve is used as 
an r.f. amplifier, this is unimportant since the oscilla
tory characteristic of the tuned circuit will restore the 
other half-cycle and remove the harmonic distortion, 
but for a.f. amplification the method if considered in 

I 
I CLASS AB this simple form is impossible. If, however, two such 

valves arc used in push-pull, each valve will supply 
the missing half-wave of the other and a normal full· 
wave will result in the output. Because the mean 
anode current depends upon the signal voltage, the 
demand upon the h.t. supply for anode current will 
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Fir . l.8. Cla u AB operation show ln1 how c laues A BI and ABl differ. 
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fluctuate with the signal amplitude. Heuce a power 



1-
w z 
Ow 
Oa: z a: 
<( ::> 

u I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
- ------+-

----+-l---. 
, I : 

I•--INPUT SI GNAL~! 

OUTPUT 
SIGNAL 

CLASS B 

Fig. 2.9. In a ciao B amplifier tho valve is operated at the cut·off 
point. 

supply with good voltage regulation is essential. Moreover 
since the grid is driven positive, appreciable grid current will 
flow and good regulation in the grid-bias supply is also 
necess~ry. Since the grid takes current it consumes power, 
and this must come from the signal input. The preceding or 
driver stage must furnish this power adequately without 
distortion. 

Class C Operation 

The class B principle can be carried a step furlher to class C 
operation by using the entire valve characteristic. Here the 
grid is biased to approximately twice the cut-off voltage and 
is driven far into the positive region in order to reach satura
tion point, as is shown in Fig.'2.10. Since the grid is driven 
appreciably positive, considerable grid current flows and the 
anode is robbed of current at the peak of each cycle, thus 
causing the anode current pulse to be flattened at the top. 
As the waveform is poor and the distortion very consider· 
able, class C operation is almost entirely restricted to r.f. 
amplification where high efficiency is very desirable and dis
tortion 'relatively unimportant. Because of the high values 
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VALVES 

of grid current, considerable driving power is necessary. 
Normally, the part of the positive half cycle during which 

current is drawn is about 140°. This angle of now may be 
reduced to increase the output efficiency. Pulse operation is 
effectively super class C in which the angle of flow is very 
short. 

Ultra-linear Operation 

When a pentode or tetrode valve is operated normally the 
screen grid is decoupled with a capacitor of low reactance to 
cathode or chassis so that its potential may remain constant 
at all operating frequencies. If the screen grid were con
nected to the anode, the valve would perform as a triode: 
if, however, the screen grid is connected to a part of the 
output circuit intermediate between anode and h.t., such as:. 
tap on the output transformer, a form of operation inter
mediate between that of a triode and thal of a pentoderesults. 
ln effect a proportionate amount of negative feedback is 
applietl to the screen grid which lowers the gain but reduces 
the distortion. When the screen grids of two pentodes 

Fig. 2.11. Output ci rcuit connections in a push·pull u l-.Jl-r 
amplifiu. 

or tetrodcs employed in push-pull class AB l are connected 
to taps on the output transformer, the mode of opera
tion is called 11/tra-/i11ear; see Fig. 2.11. The tap positions are 
usually specified as a percentage of the total number of 
turns, the figure for optimum performance varying for 
different valve types. 

Neutrali:z:ed Amplifiers 

Earlier mention has been made of the instability of 
amplifiers resulting from the feedback from the anode of a 
valve to the grid through the grid-to-anode capacitance and 
of the possibility of reducing this feedback. by using au r.f. 

BIAS 
POINT 
TWICE 

OUTPUT 
SIGNAL 

type of tetrode or pentodc. At high frequencies, 
particularly if the grid and/or anode circuit has high 
dynamic resistance, this capacitance may still be too 
large for complete stability. A solution is to employ 
a circuit in which tJ1ere is feedback in opposite phase 

CUT OFF 
VOLTAGE 

CUT OFF 
VOLTAGE 

- GRID 

GRID 
CURRENT 

from the anode circuit to the grid so that the effect 
of this capacitance is balanced out. The circuit is 
then said to be neutralized. 

A typical arrangement is shown in Fig. 2.12. 
Here the anode coil is centre-tapped in order to 
produce a voltage at the " free " end which is equal 
and opposite in phase to that at the anode end. If 

CLASS C 
the free end is connected to the grid by a capacitor 
(C..) having a value equal to that of the valve grid
to-anode capacitance (C,...) shown dotted, any 
current flowing through C,.. will be eitactly 
balanced by that through c.. This is an idealized 

-INPUT SIGNAL-----------<w 

Fig. 1..10. In class C operation the valve is biased to approximately twice 
tho cut-off voluao. 
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Fig. 2 .12. N c utra1bti ng a grounded·c,athod e triode amplifier. The 
circ uit is eq ually suitable for a tetrode o r a pentode. 

case because the anode tuned ci rcuit is loaded with the 
valve anode impedance at one encl but not at the other; 
also the power factor of C .. will not necessarily be equal to 
that of Cv.11 • The importance of accurate neutralization in 
transmit ter power-amplifier circuits cannot be overstressed. 

Grid Drivi ng Power 

An importall t consideration in the design of class B or 
class C r.f. power amplifiers is the provision o f adequate 
driving power. The driving power dissipated in the grid
cathodc circuit and in the resistance of the bias circuit is 
normally quoted in valve manufacturers' data. These figures 
frequently do not include the power lost in the valveholder 
and in compo11ents and wiring or the valve losses due to 
electron transit-time phenomena, internal lead impedances 
and o ther factors. Where an overall figure is quoted, it is 
given as driver power 011tpllf. If this overa ll figure is not 
quoted, it can be taken that at frequencies up to about 30 
Mc/s the figure given should be multiplied by two, but al 
higher frequencies electron transit-lime losses increase so 
rapid ly that it is often necessary to use a driver stage capable 
of supplying 3-10 times 1he driving power shown in the 
published data. The driving power available for a class C 
amplifier or frequency multiplier should be sufficient to 
permit sa turation of the driven va lve; i.e. a substant ial 
increase or decrease in driving power should produce no 
appreciable change in lhe ou1put of the driven stage. This is 
particularly important when the driven stage is anode
modulatcd. Care must be exercised, however, to ensure that 
the maximum grid current or o ther rnlings of the valve arc 
not exceeded. 

Grounded Cathode 

Most va lves arc used with the ca thode connected to chassis 
or earth or where a cathode-bias resistor is employed it is 
shunted with a capacitor of low reaclance at the lowest 
signal frequency used so that the cathode is effectively 
cart heel. 

Grounded Grid 

Although a triode must be neutralized to avoid instability 
when it is used as an r.f. amplifier this is not always essent ial 
if an r.f. type of tetrode or pentode is employed. However, 
a t ve ry high frequencies (above about 100 Mc/s) a triode 
gives belier performance than a te trode or pentode, providing 
that the inherent instability ca n be overcome. One way of 
achieving this is to earth !lie grid instead of the cathode so 
that the grid acts as an r.f. screen between ca1hode and anode. 
the input being applied to the cathode. The capacitance 
tcnclin£? to make the circuit unstable is then that between 
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cathode a11d anode, which is much smaller than the grid-to
anodc capacitance. 

The input impedance of a grounded grid s tage is normally 
of the order of 100 ohms and therefore appreciable grid 
input power is required. Since the input ci rcuit is common 
lo the anode-cathode circuit, much of this power is, how
ever, transferred directly to the output circui t, i.e., not all 
of the driving power is lost. 

Grounded Anode 

For some purposes it is desirable to apply the input to the 
grid and to connect the load in the cathode circuit, the anode 
being decoupled to cbassis or earth through a low-reactance 
capaci tor. Such circuits arc often referred to as grounded
anode circuits and a re employed in cathode foll owers and 
infinite-impedance detectors. 

Vo ltage A m plifiers 

When it is desired to use a valve primarily for the purpose 
of increasing the signal voltage (as in an a.f. or i.f. amplifier) 
as distinct from increasing the power (as in an a.f. or r.f. 
output stage), there arc four possible methods. These arc 
known as: 

(a) resista11ce-capaci1a11ce co11pli11g 
(b) choke-capacita11ce co11p/i11g 
(c) t1111ed-a11ode (or 11111ed-grid) co11pli11g 
(d) transformer co11pli11g 

In general, the first method is suitable only for audio 
frequencies unless the gain per stage is very low a nd the 
output vo ltage required fairly small. T he second is suitable 
for audio frequencies ancl for moderately high radio frc
queDcies, provided that the choke is suitably chosen. The 
last two may be used up to very high frequencies, the limita
tion being the shuming capacitances in the tuned circuit or 
the transformer and in the valve itself. 

Resistance-capaci t ance Co upled Amp lifier 

The basic circuit for a resistance-capacitance coupled 
amplifier is shown in Fig. 2. 13 (a) for a triode and in Fig. 
2. 13 (b) for a tetrode or pcntoclc. /\!though the essential 
r~uturcs arc the same, the values o f' the circui t components 
wi ll depend on which type of valve is used. 

In designing an an1plificr using this form of coupling the 
choice of valve should be determined by: 

(a) the h.t. line voltage available. 
(b) the required stage gain, 
(c) the required output voltage of the stage in 

quest ion, 
(d) the grid-leak value of the succeeding valve, 
(c) the highest frequency to be amplified. 

The h.t. line voltage wi ll usually be fixed by the des ign 
of' the rema inder o f the equipment, but for a.f. a mplifiers 
as a general guide this voltage must not be Jess than about 
fou r times the required r.m.s. output voltage and prefer
ably not less than six times. The actual anode voltage will 
of course be less than the h.t. line voltage by an amount 
equal to the voltage-drop in the anode resistor R, and pro
vided that the anode voltage al zero anode current does not 
exceed the normal maximum ra ting, all will be in order. The 
values of the resistor and the mean anode current should be 
so chosen that the actual anode voltage is about 40 per cent 
of the h.t. line voltage. The grid bias should be such that 



with tbis anode current the valve wi!I operate on the straight 
portion of its characteristic and will never be driven into 
grid current; hence the bias must a lways be grealer thnn 
about -1 volt. 

When a tetrode or pentode is employed the screen voltage 
will be such as to provide the correct anode current at a 
suitable grid bias, the voltage being generally I 0-30 per 
cent of the h.t. line voltage. A triode provides less stage gain 
than a pentode but is capable of handling larger input 
voltages, and the succeeding grid leak R1• into which it 
delivers its output can be of lower va lue than in the case of a 
tetrode or pentode. This may be important because the grid 
leak is effectively in parallel with the anode resistor as regards 
the signal and hence it lowers the stage gain. The optimum 
value of grid leak is dependent on the size and type of valve 
employed. Output stages should not as a rule have grid leaks 
higher than 100,000 ohms (unless they are used with auto
matic bias in wliich case up to 500,000 ohms may be used), 
whereas small valves may use a Megohm or higher. The 
coupling capacitor C to the following valve should have a 
reactance of not more than one-half to one-quarter of the 
resistance of the grid leak at the lowest frequency to be used. 
Similarly the decoupling capacitors for the cathode and 
screen grid must have a low reactance compared with the 
associated resistors. 

The high-frequency performance depends upon the output 
capacitance of the valve, the input capacitance of the suc
ceeding valve, the valvcholders and the wiring capacitance. 
All of these appear as shunt reactanccs across the anode resis
tor (which in effect is itself in parallel witb the anode impe
dance of the valve) and will lower the res~1ltant output load 
impedance and thereby reduce the gain. For audio frequencies 
the value of the anode resistor should not exceed l Megohm 
and should preferably be less. T he effect of the shunt 
capacitance is more detrimental when the va lve is a pentoclc 
than when it is a triode because the anode impedance of a 
pentode is much higher. Tn addition the higher output 
impedance of a pentode makes it unsuitable for driving an 
output stage that is operated in any conclitio11 o ther than 
strictly class A. These factors indicate that pentodes (or 
tetrodes) are more suitable for the early stages of a multi
stage anipl ifier, but it is well to bear in mind that they nre 
inherently more noisy than triodes. 

When a good h.f. response is essential, as in wide-band 
video amplifiers, it is usual to employ high-slope pcntodes 
with very low values of anode resistor and grid leak, so that 
the shunting effect of the capacitance is reduced. With low 
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Fi,e. 2.13. Basic resisbnce-c.apacitancc coup led amp lifior: 
(a) triode, (b) tetrode or pe ntode. 
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Fie. 2.14. Cathode follower. 
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values of anode resistor (for example, 4700 ohms) the anode 
voltage is nearly equal to the h.t. line voltage and the valve is 
then opera ted nearly at the makers' class A ratings. The 
stage gain and output voltage are small, however, due to the 
low value of tbc resistors employed. 

Cathode Followers 

lf a va lve is operated with the output load connected to the 
cathode instead of to the anode, the load is common to both 
grid and anode circuits and the arrangement is called a 
cathode follower: sec Fig. 2.14. Here the input voltage V,;, is 
applied between grid and earih while the output load Rt, 
across which the outpu t voltage V .,., is obtained, is connected 
between cathode and earth. lf at any instant V,,, is made 
more positive, the grid potential will become more positive 
and the anode current will increase: hence the cathode 
current will increase and the increased voltage-drop across 
Rk will cause v • .., to increase in a posiiive direction also. 
Therefore the output voltage is in phase with the applied 
grid voltage: i.e. it" follows" the input voltage. 

The a rnplilicalion of a valve is concerned with the applied 
voltage between grid and ca thode, and in the cathode 
follower this vollage V, is not V,,, but V,,1 - V ...,. The 
higher the amplification of the valve the nearer v .. , 
approaches V,1,. The voltage gain of the stage is: 

V0 ,,, ~· R, 
V,,, = r. + R" (J + µ.) 

whereµ. is the amplification factor of the valve and r. is the 
anode impedance. It is evident tha t the stage gain must 
always be less than unity, although whenµ is large and Rk is 
large compared with the anode impedance r. the gain is 
nearly unity. Because there is no actual gain in voltage 
amplitude, the enthode follower can hard ly be regarded as an 
amplifier. However, the circuit has certain advantageous 
properties, including a low output impedance (from about 
50 to several hundred ohms), a high input impedance, low 
distortion (owing to the high degree of negative feedback 
through Rk) and negligible phase shift. One of its most 
im portant applications is as an impedance transformer where 
a very wide frequency range is required. 

The load in the cathode lead may be a resistor, a tuned 
circuit or a loaded transformer, but if a tuned circuit or 
transformer is employed and if it is operated at frequencies 
off resonance the impedance will fall and the circuit will 
cease to act as a cathode follower. 

For a given valve the optimum load for minimum distor
tion is the same irrespective of whether the load is connected 
in the anode or the cathode lead, but in the latter case, i.e. in 
the cathode follower, the distortion and output impedance 
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are lower than in the former. It is also convenient at times 
to divide the load so that part of the load is in the anode and 
part in the cathode circuit. This arrangement gives a greater 
gain than the true cathode follower and results in less dis
t-Ortion and lower output impedance than the conventional 
amplifier arrangement. 

If a tetrode or a pentode were used as a cathode follower it 
would behave as a triode because its anode, like the screen, 
would be at a constant potential. The relevant values of 1~ 
and r. (anode impedance) are therefore those quoted for the 
valves connected as triodes. 

Anode Followers 

When a voltage amplifier with a uniform gain over a wide 
frequency range is required and when the gain is to be 
independent of changes in supply voltages, valve replace
ments, etc., it is convenient to use the anode follower principle. 
The anode follower circuit is essentially a single-stage 
amplifier in which a high degree of negative feedback from 
the anode to the grid is provided. A typical arrangement is 
shown in Fig. 2.15. Here a calculated fraction of the output 
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Fir. 2.15. Anode follower. 

voltage is injected into the grid circuit by a potential divider 
consisting of the two resistors Rl and R2. The effect of 
this feedback is to reduce the stage gain to a value at which it 
is almost indcpeDdent of any variations in the amplification 
actually produced by the valve. Thus, if the stage gain 
without feedback is A, the effective gain with feedback due to 
Rl and R2 is: 

II = --------

Ri + ( R1; R,) 
where the resistances are expressed in ohms. From this 
formula it is apparent that especially when A is large the 
gain depends mainly on the ratio R2/Rl. 

In a practical example, if the frequency characteristic of an 
amplifier witholll feedback were such that the gain felJ by, 
say, 20 db at either end of the frequency range, this diminu
tion in gain could be reduced to a much smaller amount, e.g. 
3·5 db by the use of the anode follower principle. At the 
same time, however, the maximum gain would be lowered 
from perhaps 200 to something less than JO. 

While it is the ratio of R2 to Rl that mainly determines the 
amount of feedback, they should both be reasonably high 
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compared with R., the anode load impedance. Ordinarily 
R2 may be made equal to R •. 

The two capacitors CJ and C2 serve as d.c. blocking 
capacitors, but since they arc associated with the fccdback
determining resistors R I and R2 it is important that the 
time constants Rl Cl and R2C2 should be made equal so as 
to maintain a flat frequency response. 

Provided that the grid leak R, is not low compared with 
R2 it will not affect the performance. Jn practice it can be 
made approximately equal to R2. 

The input impedance of an anode follower is determined 
by the value of the series grid impedance represented by RI. 
Because in general the input impedance is low, say 50,000 
ohms, it is essential that the impedance of the source from 
which an anode follower is driven is rela tively low. This 
would of course be so if a previous amplifying stage was used 
because this stage would have to supply an adequate output 
voltage of low distortion into a load of value RI; a valve with 
an impedance of the order of 10 per cent of RI would be 
required. 

The output impedance is 1000 (11 + 1)/g,., where /1 is the 
stage gain with feedback and g.,. is the mutual conductance in 
milliamperes per volt. 

The output load need not be resistive as shown. If desired 
it could be in the form of a suitable choke or transformer. 

Phase Splitters 

Where a push-pull type of amplifier is required the 
simplest arrangement is usually one based on the use of a 
centre-tapped driver transformer. lf it is preferred, however, 
to use a resistance-capacitance coupled driver stage, some 
ingeDuity is needed to produce the two oppositely phased 
driving voltages from a single valve. Several differcot circuit 
arrangements have been devised for this purpose, but only 
four of them arc described here. They are all known as 
phase-splirter circuits. 

Paraphase Amplifier. In this arrangement two similar 
triodes are used, the grid of the second valve being driven 
from the anode of the first va lve to produce the oppositely 
phased output. The basic circuit is shown in Fig. 2.16. Herc 
V l is a normal resistance-capacitance coupled voltage ampli
fier, its output appearing across Rl and R2 in series; this sup
plies one phase of the output. The part of th is which appears 
across R2 drives the second valve V2 which also acts as an 
r.c. coupled voltage amplifier and supplies the opposite phase. 
The ratio of R I to R2 is adjusted so that (R I + R2)/ R2 is 
equal to the voltage gain of V2, and Rl + R2 is made equal 
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Fir. l.16. Paraphase A mplifier. 



to R3. Thea the output voltages of both valves will be equal 
and opposite. The operating conditions for each valve are 
calculated in the same way as for voltage amplifiers but the 
values of Rl and R2 are critical and are chosen to suit the 
voltage gain. A common cathode resistor can be used and its 
value should be half that for each valve a lone. The bypass 
capacitor may be omitted with some loss of balance between 
the two phases at the higher frequencies. 

Split-load Phase Inverter. This type uses a single valve 
having half the load in the anode circuit and half in the 
cathode circuit as shown in Fig. 2.17. The two load resistors 
are Rl and R2. With respect to the load in the anode circuit 
the valve acts as a normal voltage amplifier, but with respect 
to the load in the cathode lead it behaves as a type of cathode 
follower. Since the current in both loads is the same, the 
voltages are equal if Rl = R2 and R3 = R4, but because of 
the large negative feedback through R2 the gain is reduced 
nearly lo unity. Since the ratio of the feedback vol tage to 
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Fie. 2.17. Split·load phase inverter. 

the output voltage is R2/(Rl + R2), and since R I = R2 the 
feedback ratio is 0·5. In other words, an input signal V,1~ of 
l volt will produce an output of l volt across both anode and 
cathode loads. Because of the feedback developed across 
R2, the output impedance in regard lo Rl will be increased 
while the output impedance in regard to R2 will be decreased, 
and the source impedance from which tbe subsequent push
pull valves are to operate.will therefore be unbalanced. Hence 
this type of phase splitter should not be used if the push-pull 
stage is driven into grid current at any time or is operated 
under any condition other than strictly class A. The operat· 
iog conditions should be determined as if the valve were 
working as an RC coupled amplifier with R2 omitted nnd RI 
twice tbe value actually used. The effective output voltage 
will be half the value so obtained. 

The anode voltage is measured with respect to the cathode, 
not the earth connection. 

Cathode-coupled Phase Splitter. In this arrangement two 
similar triodes are used, the input being applied to the grid 
of one of the triodes while the second valve receives its drive 
from a coupling resistor Rb in the common cathode load: sec 
Fig. 2.18. When the grid potential of tl1e first valve VJ swings 
posi tively the current through VI increases and the voltage 
at the point G becomes more positive with respect to earth; 
i.e. the earth line becomes more negative with respect to the 
point G and the grid of V2 which is coupled lo earth through 
its capacitor Cl consequently becomes more negative with 
respect to its cathode. The two grids thlls operate in oppo
site phases. The outputs are taken from the two anodes and 
are balanced in amplitude and impedance, and the voltage 
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Fie. '2.18. Cathode-coupled phase splitter, 

gain is about 25 per cent of that obtainable for each triode 
when used as a normal resistanee-capacitancc coupled ampli
fier. The operating condit ions can be determined for each 
triode by assuming an anode load resistance of R. + 2Rb and 
a cathode-bias resistance of 2R1. The value of Rb should be 
approximately ! I? •. 

Anode-follower Paraphasc Amplifier. If an anode follower 
is designed to have a high degree of feedback, the gain will be 
unity and the output will be equal in voltage but opposite in 
phase to the input. A suitable circuit is shown in Fig. 2.19. 
As in the anode follower circuit (Fig. 2.15), if Rl = R2 and 
CJ = C2 and if the vohage gain without feedback is very 
high, the gain is unity. The outputs have impedances differ
ing to some extent because one output bas a value equal to 
the source impedance of V"• and the other is equal to 2/Km· 
The circuit constants are derived as for an anode follower. 
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Fia. 2.19. Anode-follower paraphaoe amplifier. 

Rectifiers 

If a diode is connected in series with a resistor across an 
a.c. supply the diode will conduct current only in one direc
tion and a pulsating d.c. voltage across the resistor will result 
from each positive half-cycle of the supply to the anode. lf a 
large capacitor is connected across the resistor it will be 
charged during a d.c. pulse and maintain a voltage (falling 
somewhat due to d ischarge through the resistor) until the 
next pulse occurs a cycle later. Small diodes arc used for 
signal rectification nnd grid-bias supplies, while larger 
diodes arc used for h.t. supplies. 

ln a pr:1ctical power supply the resistor is replaced by the 
output load, and to obtain the maximum efficiency the 
forward resistance of the diode must be small compared with 
the resistance of rhe load. A low forward resistance is also 
essential for good regulat ion of tile output voltage, regulation 
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in this context being the degree to which the output voltage 
is unaffected by the current load. One way of designing a 
rectifier valve with a low forward resistance is to fill the diode 
bulb with mercury vapour or xenon. The voltage-drop 
across a mercury-vapour rectifier is almost independent of 
current variations and is only about 15 vol ts. This is 
considerably lower than that of any 11igh-vacuum rectifier. 

The cathode of a gas-filled rectifier must be allowed time to 
attain its proper operating temperature before the anode 
voltage is applied. This is absolutely essential. Failure to 

observe this requirement will result in the disintegration of 
the cathode by ionic bombardment. In some types of equip
ment, automatically delayed h.t. switching is provided as a 
safeguard against carelessness of the operator. 

The use of diodes as power rectifiers is described in 
Chapter 17 (Power Supplies). 

Noise Diodes 

If a diode is operated in a condition where the emission is 
temperature-limited, the anode current will conta in a com
ponent of noise which is readily calculable. The frequency 
spectrum of the noise would be infinite unless it was limited 
at the higher frequencies by the shunt capacitance of the 
valve and its holder ancl by the electron transit-time between 
the cathode and the anode. 

The noise output is controlled by adjustment of the anode 
current. This is achieved, while maintaining the temperature 
limited condition, by variation of cathode temperature. A 
d.irectly heated pure tungsten filament is used and the filament 
current adjusted to give the required anode current. An 
indirectly-heated cathode or a coated or thoriated filament 
cannot be used since the emissive properties would be 
destroyed by operation in a temperature-limited condition. 

Noise diodes are speciaUy designed for the purpose of 
noise generation and if required for u.h. f. circuits they 
are frequent ly of coaxial construction. 

Detectors 

In a receiver the detector serves to rectify or demodulate 
the incoming carrier. If the carrier is modulated with speech 
or vision signals it must be demodulated in order to extract 
the modulation signals from it. If the carrier is unmodulated, 
as in telegraphy, it is necessary to mix with it another carrier 
of slightly different frequency, usually generated by a local 
oscillator (known as the beat frequency oscillator) and to 
rectify the mixture and thus produce an audible beat note or 
heterodyne in the loudspeaker. A variety of valve circuit 
arrangements are commonly used for this purpose and some 
of these are described below. Diodes arc also used as 

I 
V sig..-- ---f'--41i....., 

1 
~ 

A.F. 
OUTPUT 

Fi• . l.20. A c.onventional diode dete ctor. 
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signal rectifiers in receivers and in monitoring and measuring 
equipment. 

Diode Detectors. The circuit of a conventional diode 
detector is shown in Fig. 2.20. An incoming unmodulated 
carrier V,1, produces a steady d.c. voltage across the load 
R r, the r.f. component of the rectified carrier being by-passed 
by the capacitor Cr,. When the carrier is modulated the 
instantaneous voltage across R1. varies in accordance with 
the amplitude variation of the carrier and at the same 
frequency as the modulation. Thus, a carrier which is 
modulated by a 1000 c/s tone will produce a 1000 c/s voltage 
across Rr,. The shunt capacitor Ci, is sufficiently small to 
have no perceptible effect at audio frequencies. The coupling 
capacitor C0 is included to provide d.c. isolation between Rt 
and any circuit connected to the detector output, such as an 
a.f. amplifier. To obtain a high degree of efficiency Rr, 
should be high compared with the impedance of the diode, 
which in the case of a normal diode varies from about 200 
ohms for low-impedance television types to about 10,000 
ohms for those incorporated in multiple valves such as 
double.-diode triodes. 

A diode detector will cause distortion if the signal voltage 
applied to it is too low- say less than 10 volts peak- or if 
the impedance of tl1c ci rcuit fo llowing it is not high com
pared with the diode load. 1n Fig. 2.20, the combined 
impedance of the a.f. output eontro.1 and the a.f. amplifier 
should be at least JO times that of the d.c. load, RL. 

Leaky-grid Detectors. The operation of a leaky-grid 
detector is somewhat complex but can best be considered as 
analogous to that of a diode followed by a direct,couple.d 
amplifier, i.e. one in which the grid of tbe amplifier is con
nected directly to the anode of tbe diode detector. The action 
can conveniently be illustrated by reference to Fig. 2.21. Here 
three equivalent arrangements of an ordinary diode detector 
circuit are shown at A, 8 and C, the first being similar to 
that shown in Fig. 2.20; in any of them the rectified output 
can be taken from the opposite ends of the load resistance 
Rt. If the diode is replaced by the grid and cathode of an 
ordinary triode, as in D, the arrangement becomes a leaky
grid detector, the grid now being in effect the diode anode. In 
this circuit, the load resistance RL is known as the grid leak: 
if preferred it may be connected across the reservoir capacitor 
Ci instead of between grid and cathode without affecting 
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the mode of operation. Any d.c. voltage developed across 
the grid leak by the rcctitlcation of a modulated or an 
unmodulated signal will thus constitute a negative bias for 
the grid and the anode current in the triode will fall. U the 
carrier is modulated, tbis bias will vary in accordance with 
tbe modulation signal a nd so likewise will the anode current 
vary. An excessively strong signal will tend to bias the valve 
beyond the cut-off point, and therefore a leaky-grid detector 
ceases to function sa tisfactorily when the input voltage is too 
great. To overcome this limitation, the power grid detector 
was introduced. This is substantially the same arrangement 
except that it employs a triode having a lower amplification 
factor and that it operates with a greater h.t. voltage; the 
valve thus has a longer grid base and consequently it can 
accept a larger input whi le s till operating as a direct-coupled 
amplifier oo the Linear part of its characteristic. Hence there 
is less distortion but genera lly less sensitivity because of the 
lower gain. 

The r.f. carrier is of course amplified by the normal triode 
action and will appear in the a node circuit . By applying some 
of this energy in the form of positive feedback ( i.e. reaction) 
to the resonant circuit connected between the grid and the 
cathode, a leaky-grid detector c<111 be made to oscillate. In 
this way it can be used for the reception of c.w. telegraphy. 
To prevent overloading and other harmful effects in sub
sequent a.f. amplifier circuits, the r.f. component in the 
detector anode circuit must be bypassed to earth by a 
suitable capacitance in combination with a resistor or an r.f. 
choke. 

Tetrodes or pentodes can be substituted for triodes in 
leaky-grid detector ci rcuits, a lthough some difficulties may 
be encountered in avoiding tllresllold '10111/ when the 
self-oscillating condition is required for c.w. reception. 

Anode-bend Detectors. This type of detector depends for 
its action on the curvature in the anode-current/grid-vol tage 
(!0/V,) characteristic. U a valve is biased nearly to cut-off 
and an a.c. input is a pplied to the grid, the negative hal f
cycle will drive the grid more negative and only a small 
change in anode current will occur, whereas the posi tive 
half-cycle wi ll d rive the grid more positive and cause a 
considerable increase in anode current. A valve having a 
short grid base and the sharpest possible bottom bend in its 
characteristic should be chosen. The valve may be coupled 
to the next stage by any method applicable to voltage 
amplillers. 

As in the case of the leaky-grid detector, the output con
tains an amplified r.f. voltage at the carrier frequency and the 
circuit can be made to oscillate by feeding back some or this 
r.f. energy from the anode to the grid circuit, and c.w. re
ception is thereby made possible without the use of a separate 
oscillator. 

Infinite-impedance Detectors. If an anode-bend detector is 
rearranged in such a manner that the output load is in the 
cathode lead of the valve instead of the anode lead, the result 
is a type of cathode follower. The input impedance is 
extremely high owing to the JOO per cent nega tive feedback, 
aod because of t his the arrangement is referred to as an 
infinite-impedance detector. Fig. 2.22 shows the essential 
circuit. The modulated carrier is applied between grid and 
earth, the output load R• being in the cathode lead. The 
load is bypassed by a capacitor c. which should have a 
reactance which is low at the carrier frequency but high at the 
modulation frequency. The anode is also bypassccl with a 
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Fia. 2.ll. Essential circuit of an infinit.e·impedance det,ector. 

capacitor c. large enough to have a low rcactance at both 
frequencies. The rectified output is avai lable across the 
resistance Rk and is supplied to the a.f. amplifier through a 
filter circuit comprising C0 R0 and CvR~. Such a filter is 
generally necessary because there may be quite an appreci
able carrier voltage remaining across Rk despite the effect of 
Ck. The resistor R. may be replaced advantageously by an 
r.f. choke if there is a d iminished response at the higher audio 
frequencies. 

The resistor R. should have a high value compared with 
the reciprocal of the mutual conductance of the valve. Since 
for most va lves this is of the order of I 00-1000 ohms, suitable 
values for Rk will be found in the range 10,000-100,000 
ohms. 

The gain of such a detector, like that of cathode follower 
circuits, will be less than unity and of the same order as that 
of a diode, but owing to the very high input impedance and 
the much smaller damp:.1g effect on the input circuit the 
actual gain will be appreciably greater than that of a diode. 
In the simplest case- a detec tor operating directly from an 
aerial-a step-up of signal voltage from the aerial into the 
grid of the same order as that achieved into an r. f. amplifying 
stage will be obtained. 

l n practice a detector ci rcuit in which the cathode load R1 

is 25,000 ohms and R. + R, 250,000 ohms with an input of 
the order of JO volts r.m.s. will produce a to tal harmonic 
distortion not exceeding 3 per cent at JOO per cent modula
tion. Inputs of less than about 5 volts to such a detector are 
not advised since the distortion increases at low input levels. 

The value of Ck must not be made too small s ince the valve 
would then appear as a negative resistance to the tuned 
circuit, thereby causing ins tabi lity or at least such an increase 
in the Q of the coil that the s idebands would be restricted 
owing to the increased selectivity. A suit(1blc value for C1 , 

assuming that Rk is about 25,000 ohms, is 250- 500 pF for 
a carrier frequency of I Mc/s. 

Oscillators 
An oscillator is usually a class C ampli fier which obtains iis 

grid excitation from its own o utput circuit and employs 
ei ther an inductance-capacitance tuned circuit or a quartz 
crystal as the frequency-determining element. 

lf the value of the neutra lizing capacitor c. in Fig. 2.12 is 
increased to a high value compared with the grid-to-anode 
capacitance, this circui t will readily oscillate, and in fact it 
becomes the basic Hartley oscillator circuit. If the amount of 
feed back through C. is too small (i.e. if there is insufficient 
excitation), a small increase in load may tend to throw the 
circuit out of oscillat ion, whereas if it is too large the grid 
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current will be excessively high and there will be a wastage of 
power in the grid ci rcuit. 

Au important consideration in oscillator design is 
frequency stabil ity. The principal factors that cause changes 
in frequency are (a) temperature, (b) anode voltage, (c) load
ing, and (d) mechanical variations of the tuned-circuit 
components. Temperature variation will change the va lve 
capacitances by causing expansion or contraction of the 
electrode assembly and will also alter the inductance and 
capacitance of the components in the tuned circui t ; the 
resultant change in frequency is called drift. A change in 
anode voltage will change the power level in the circuit, 
resulting in a change in temperature and also a change in the 
effective valve capacitance. Many or these effects can be 
reduced by using a tuned circuit of high efficiency (high Q) 
and a low Lf C ratio (high C), and the circuit should be only 
lightly loaded. 

There arc probably more circuit arrangements for oscil
lators than for any other valve application and these are 
more appropriately dealt with in the va rious chapters 
describiug transmitters and receivers. 

Freque ncy Mul t ipliers 

Frequency multip liers are designed in the same way as r.f 
amplifiers for class C operation but the anode circuit is 
tuned to a harmonic (i.e. a simple multiple) of the grid
circuit frequency. Because or this difference in resonant 
frequency neutralization is not normally required. The 
efficiency attainable is hardly ever likely to exceed 50 per 
cent and it d iminishes as the order of harmonic multipl ica
tion increases, as shown in the typical figures given here : 

Harmonic 2 3 ' 4 5 
Efficiency ( %) 50 40 30 20 

If the order of harmonic multiplicat ion required is an 
even number and if the output obta inable from a single 
valve is barely adequate, a convenient arrangement is to use 
two valves connected in push-push. Tn this method two 
identical valves haYe their grids driven in opposite phases (as 
in the push-pull circuit) but their anodes are joined together 
and are treated as if they were a single anode: sec Fig. 2.23. 
The anode circuit receives twice as many pulses in a given 
time as the pulses produced in either or the grids, and if it is 
tuned to twice the frequency of the grid circuit it will develop 
a voltage of twice the input frequency. A usefu l output can 
be obtained at higher even-order harmonics (4, 6, 8 .. . ), 
although or d iminishing amplitude. The push-push arrange
ment is inherently incapable or producing odd harmonics of 
the input frequency, but of course since its outpu t waveform 

Fie . 2..23. Th e push·push frequ ency multipl ie r. The circu it prod uces 
only even .. mu lti ple harm on ics: odd·multiple frequ encies tend to be 

automatically cancelled o ut. 
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is not sinusoidal it will generate odd as well as even harmonics 
of its own nominal output frequency. Thus, if the input to a 
push-push multipl ier were 3·5 Mcfs and the anode ci rcuit 
were tuned to 7 Mcfs, the output would consist mostly of a 
7 Mcfs component but it would also contain relatively weak 
harmonics of 14, 21 , 28, 35 . .. Mc/s. There would be no 
10·5 or 17·5 Mc/s components. 

Freque ncy Cha ngers 

For a valve to act as a frequency changer it generally oper
ates over a non-linear part of its characteristic. This implies 
that the process is similar to signal detection, and in fact any 
type of valve that will operate as a detector will operate as a 
frequency changer. It does not follow from this that any 
such valves will be efficient. The essential requirement is tha t 
an input signal of frequency J;. is applied together with a 
heterodyning voltage o f frequency / 2 and of such amplitude 
that it swings over a non-linear part of the characteristic and 
produces sum and difference frequencies / 1 + / 2 nnd / 1 - f t 
in the output circuit. The overal.I voltage gain of a frequency 
changer (i.e. the ru tio of i.f. voltage output to r.f. signal
vol tagc input) is known as the conversion gain, and the ra tio 
of the beat-frequency component or frequency /, - / 1 or 
/ 1 + f: in the output current to the input voltage of frequency 
j~ is known as the conversion co11d11cra11ce (g,) and is usually 
stated in microampercs per volt. 

Since the primary purpose of frequency conversion in a 
communications receiver is to convert the high frequency or 
the incoming signal carrier to a more convenient lower 
frequency, it is only the difference frequency that is of any 
interest. To produce a difference frequency, the heterodyne 
osc il lato r frequency / 2 can, in principle, be chosen either 
higher or lower than the signal frequency/, and still yield the 
same result , but for various reasons connected with frequency 
stabil ity a nd tuning range it is customary to make / 1 higher 
than/, in h.f. receivers and lower than / 1 in v.h.f. receivers. 

Generally the signal voltage should be small compared 
with the heterodyning voltage: this is usually the case because 
the frequency changer is necessarily one of the early stages in 
the receiver circuit. 

The voltage gain or a frequency changer is approximately 
equal to the conversion conductance multiplied by the 
dynamic resistance of the i.f. transformer primary. Proper 
allowance must be made in calculating the Q and the 
selectivity of the i.f. transformer for the anode-cathode 
impedance o f the valve in shunt with the primary. If it is no t 
possible to measure the conversion conductance, the gain or 
the stage may be calculated as if it were an i.f. a mplifier 
operating a t the same point, and as a rough guide the gain as 
a frequency changer will be about half the i.f. gain. 

The basic types of frequency-changer circuit arc described 
below. 

Diode Frequency Changers. A diode may be used as a 
frequency changer, a typical circui1 being shown in Fig. 2.24. 
The three circuits operating at the signal frequency (f J, the 
local heterodyne oscillator frequency (/1) and the output or 
intermediate frequency (/1 - f:) respectively arc all con
nected in series with the diode. A resist ive load Rt is also 
connected in series 10 prevent the diode from acting as a 
short-circuit 10 any or the tuned circuits and also to produce 
a suitable bias for determining the operating point on the 
characteri stic. The impedance presented lo any of the three 
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Fie. 2.H . Typica l freque ncy chancer d rcui t usi nc a diode. 

circuits is approximately equal to half the value of R1. The 
value of Ck is chosen so that its reactance is low at the three 
freq uencies involved. 

Triode Frequency Chaugers. These arc usually of the 
anode-bend type. The signal is applied to the grid while the 
oscillator voltage is injected in series with the cathode, a11d 
the i.f. transformer is connected in the anode circuit. T he 
anode should be bypassed to earth with a capacitor of low 
reactance at the signal and oscillator frequencies. T he 
capacity used for this purpose will form part of the i.f. 
tuning circuit. 

A typical triode frequency changer is shown in Fig. 2.25. 
The resistor Rk and capacitor Ck now provide the automatic 
bias, the reactance of c, being low at all three frequencies. 

The amplitude, of the heterodyne voltage used should be 
such that the grid voltage swings from beyond cut-off to 
nearly the point where grid current begins to llow. Triodes 
are used in this manner where a very high signa l-to-noise 
ratio is essential and where the intermediate frequency is 
greatly different from the signa l frequency. Care should be 
taken to match the i.f. transformer to the anode impedance. 

The value of the conversion conductance g, will be approx
imately one quarter of the value of the mutual conductance 
g,.. when the valve is considered as an amplifier. 

Pentode Frequency Changers. A pcntode valve may be 
employed as a frequency changer in several different ways. 
Generally the signal is appl ied lo the control grid and the 
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Fie. 1.15. A triode used as a frequency chancer. 
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i.f. output is taken from the anode circuit, while in some 
arrangements the heterodyne voltage is injected in the con
trol-grid or cathode circuit. In such cases the valve functions 
in the same way as an anode-bend detector. The same con
siderat ions apply as for the triode frequency changer, except 
that due to the much smaller capacitance between the control 
grid and the anode any interaction between the signal and 
i.f. circuits when they are not greatly different in frequency is 
less likely to occur. 

Alternatively, the heterodyne voltage may be injected on 
the screen grid or the suppressor grid, but both of these 
methods suffer from the disadvantage of requiring a large 
heterodyne voltage to achieve a reasonably good conversion 
efficiency. 

When suppressor-grid injection is employed, either of tbe 
two major bends in the characteristic may be used; if the 
cut-off bend is chosen, there is a possibility that the maximum 
safe screen dissipation will be exceeded unless steps are taken 
to lin1it the screen current. Because of the large heterodyne 
voltage that is necessary, it may happen that some of it 
appears in the control-grid circuit, for instance through the 
inter-electrode capacitances or as a result of poor layout, and 
this unwanted heterodyne injection will be ampli£ed in the 
valve (the screen acting as an anode) and it can become 
comparable in effect to tbe heterodyne voltage intentio11aUy 
applied to the suppressor. If it is of opposite phase, demodu
lation will take place and the conversion efficiency will 
be lowered. This effect is particularly troublesome at the 
higher frequencies. 

Multi-grid Frequency Changers. These valves, which are 
specifically intended for use as frequency changers, are 
designed to have a reasonably high conversion conductance 
with as low a value of heterodyne voltage as practicable and 
a high anode impedance to prevent damping the i.f. trans
former unduly. In the design of the receiver the signal 
frequency can be allowed to approach closely to the inter
mediate frequency without causing any interaction, and a.g.c. 
may be used if required. The only disadvantage of multi-grid 
frequency changers is their limited performance at the higher 
frequencies. 

Some types are designed for use with a separate oscillator 
to provide the heterodyne voltage and others have a self
containecl triode to generate this voltage. In certain types of 
heptodc mixer, a part of the valve is arranged to oscillate as 
an electron-coupled oscilJator, a section of the oscillator coil 
being included in the cathode circuit. The essential feature 
of the oscillator is that the voltage which it generates must as 
far as practicable remain constant over the required frequency 
range. 

A heptode (sometimes referred to as a pe11tagrid) has seven 
electrodes, five of them being grids. G rid No. 1 is the 
oscillator grid, Nos. 2 and 4 are screen grids, No. 3 the 
control grid and No. 5 the suppressor grid. Jnsomeheptodes, 
however, the functions of No. 1 and No. 3 grids are inter
changed, No. I being the control grid. This applies also to 
hexode mixers, which are basically similar to heptodcs except 
that the suppressor is omitted and as a result the anode 
impedance is somewhat lower. 

Some obsolete types of beptode employed grid No. 2 as an 
oscillator anode, grid No. 3 being the screen grid. This form 
of construction was frequently called apentagrid, particularly 
in the USA, and when provided with an additional grid used 
as a suppressor it was referred to as an octode. 
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It should be borne in mind that multi-grid frequency 
changers arc inherently noisy, having a high equivalent 
noise resistance. The equivalent noise resistance of a multi
grid mixer is given by-

l (J.- l ) R = 20 x • • • kilohms 
" '• x c.' 

where I. and h are the anode and cathode currents respec
tively (in milliamperes) and c. is the conversion conductance 
(in milliamperes per volt). 

A recently developed heptode is used as a locked oscillator 
f.m. detector in dual standard television receivers. It is also 
referred to as a " co-incidence detector" because if two sets 
of oscillations are applied to grids .I and 3 anode current will 
only flow, assuming the amplitudes of the oscillations are 
sufficient, when the positive half cycles of the input wave
foiTlls coincide on the two grids. 1f both are negative or 
only one is positive and the other negative no anode current 
will flow. Coincidence of the positive half cycles will depe11d 
upon the frequency and phase relationship of the two 
oscillations. One oscillation is obtained from the TV 
inter-carrier i.f., usually 6 Mc/s, the other by using the valve 
grid 3 as a self-osclllator tuned to 6 Mc/s and frequency 
locked to the mean i.f. As the i.f. is frequency modulated the 
frequency applied to grid J will vary in relation to that of 
grid 3 with a result that pulses at the modulation frequency 
will appear in the anode circuit. The arrangement described 
has the advantages that no limiter is required and it is rela
tively easy to align compared with conventional ratio 
detectors but great care is essential in the design to ensure 
that the oscillator will lock to the i.f. under all conditions of 
signal level, mains voltage and temperature. 

Multiple Valves 

The trend is to make radio equipment as compact as 
possible aad it is therefore convenient to take advantage 
of the special multiple valves which have more than one unit 
contained in a single envelope but only one multi-pin base. 
Many such valves are available and they generally contain 
two or more units which arc associated with each other in a 
conventional circuit application. 

Double-diodes are used for signal rectification and for 
providing a.g.c. voltages; they are often combine.ct with a 
triode or pentode for a.f. or i.f. amplification. Treble-diode
triodes are used for frequency-modulation discriminators. 
Double-triodes are used for push-pull ampli.fication, for 
multivibrators and many other purposes; the two sections 
may be similar or dissimilar in characteristics. Triodes are 
combined with r.f. pentodes for use as frequency changers 
and with a.f. pentodes for audio equipment or as generators 
for use with cathode-ray tubes. Double-tetrodes and double
pentodes may have certain electrodes commoned to avoid 
external circulating currents or may have a separate con
nection to each electrode. 

Metal Valves 

These valves, which at one time were very popular in the 
USA, are ordinary valve types assembled in a metal bulb, 
the lead-out wires being passed through eyelets mounted in 
the bulb. They arc not now fitted in newly manufactured 
equipment. 
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Magic-eye Tuning Indicators 

There are two basic types of magic-eye indicator. One type 
contains a cone-shaped piece of metal, known as the target, 
coated with fluorescent material. Electrons emitted from a 
cathode impinge on the target and produce a green glow over 
a part or the whole of its surface. Two or more small rods 
act as a grid and when the voltage appl ied to them is altered a 
shadow of controllable width appears on the target. A small 
triode may also be mounted wit.hin the bulb to amplify the 
voltage applied to the grid rods and thus improve the 
sensitivity. The grid of the triode is normally connected to 

Fie. 2.26. A "maaic eye .. used as a tuninl' indicator. 

the a.g.c. line in the receiver, tbe result being that the" eye" 
opens and closes in accordance with the signal voltage in the 
receiver. 

T he other and more recent type has a fluorescent coating 
on the inside surface of the bulb as in a cathode-ray tube, but 
the operation is essentially similar. 

Certain types give a double indication, one for small 
voltage variations and one for large variations, and others 
give a differential indication suitable for the output of f.m. 
discriminators. Fig. 2.26 shows a typical circuit arrange
ment for a magic-eye indicator in a superheterodyne receiver. 

Its applications are by no means limited to tuning adjust
ments. In fact magic-eye tubes are often used as voltage 
indicators in a.f. and r.f. measuring equipment and also 
widely as indicators of signal level for tape recorders. 

Voltage Stabilizers 

Two methods are employed for voltage stabilization. The 
choice depends on the degree of output-voltage control 
required and the magnitude of the output current. Where all 
that is needed is a limited range of current and a control 
within only a few volts, a simple stabilizer of the cold-cathode 
type is adequate. T his comprises an anode and a cathode 
(not heated) mounted in a bulb filled with an inert gas: when 
a sufficiently high voltage is app lied to the anode the gas 
ionizes. The voltage at which this occurs is called the striking 
voltage or starting voltage. If the current through the tube is 
varied it is found that the voltage-drop across the tube is 
almost constant within a certain range of current variation. 
The voltage-drop in the centre of the current range is called 
the maintaining voltage and is significantly lower than the 
striking voltage. The maintaining voltage depends on the 
nature and pressure of the gas employed and to a limited 
extent on its temperature. 

Some types have an additional electrode like a grid, known 
as a trigger. T his electrode is situated close to the cathode, 
and if a sufficiently high positive voltage is applied to it the 
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Fig. 2.27. A co ld-cathode sta~ili:ter used to provide a stable voltage 
of 150 v olu from a •~pply hn& of 250 volts fo r the oscillator in a 
superheterodyne receiver. T hia eliminate• frequency drift caused 

by h.t. voltage variations. 

gas will ionize in the vicinity of these electrodes so that when 
lbe anode voltage rises it strikes at a lower value than it 
would without the trigger. For this reason the trigger is 
sometimes known as a priming electrode. More elaborate 
types arc provided with a series of anodes and cold cathodes 
each pair giving the same voltage-drop and thereby a serie~ 
of discrete steps of stabilized voltage is made available. 

A typica l circuit for a trigger type of cold-cathode tube 
~sed to stabilize the voltage of the h.t. supply to the oscillator 
ma superheterodyne receiver is shown in Fig. 2.27. 

Where a larger range of current than can be accommodated 
?Y a cold-cathod: tube or where a closer regulation of voltage 
1s necessary, a tnode, tetrode or pentode valve may be used 
in seri~ with _the h.t. supply. A fraction of the output 
voltage is amplified and applied as grid bias to the stabilizer 
or regulator valve: this modifies the voltage-drop across the 
valve and so stabilizes the output voltage at a value 
depending on the circuit adjustments. Frequently normal 
amplifier-type valves are used for this purpose but specially 
designed valves having a lower voltage-drop permit a more 
economical design, details of practical circu.its are given in 
Chapter 17 (Power Supplies). 

Voltage-reference Tubes 
A voltage-reference tube is a cold-cathode stabilizer 

designed to pass a very small current but maintain a voltage
drop within exceptionally close tolerances over long periods. 
Such tubes are used to provide a reference voltage for 
calibration purposes and they should not be used for heavy 
current in the manner of a normal stabilizer. 

Electron Multipliers 
The production of secondary emission by bombardment 

of a cold electrode is used in an electron multiplier valve to 
increase the density of the electron current, i.e. to increase the 
slope of the valve. Since a considerable velocity is essential 
in the bombarding stream of electrons and since each stage 
of electron multiplication therefore requires a certain mini
mum voltage, the number of stages !hat can be operated from 
a normal h.t. supply is limited 

To prevent the secondary electrons from being attracted 
back towards an earlier electrode by reason of the relative 
electrode potentials it is necessary to focus them towards the 
anode. This is generally achieved by means of beam-forming 
plates or a construction similar to a cathode-ray tube gun. 

Electron multiplier tubes are sometimes used in television 
receivers and in amateur television transmitters. 

VALVES 
TRANSMITTING VALVES 

In a transmitter most of the valves employed in the early 
stages are normal receiving-type valves, but in the final stages 
valves of higher power-haodling capacity are necessary. Such 
valves fall into two classes: 

(a) triodes and 
(b) tetrodes or pentodes. 

Those designed for operation on the higher frequencies are 
usually provided with special connections on the top or side 
of the bulb for the anode or grid, or sometimes both, and 
have special bases or in some types no base at all. This 
avoids the bunching together of the leads at one end of the 
valve and thereby lowers the inter-electrode capacitance and 
reduces the possibility of leakage or breakdown at high 
voltage. 

Triodes. Triode transmitting valves are genera lly used with 
grounded-cathode or grounded-grid connections, the former 
being preferred at frequencies below 150 Mc/sand the latter 
at higher frequencies. They require more drive than tetrodes 
or pentodes but are more readily matched into the associated 
circuits and arc often more convenient to modulate: they are 
seldom satisfactory as frequency multipliers. 

Tetrodcs and Pentodes. In amateur equipment, tetrodes 
and pentodes are used because of their high efficiency. Many 
of the popular tetrodes are in fact beam valves and have 
pentode-type characteristics. They require little or no 
neutralization because their grid-to-anode capacitances are 
sufficiently low, but if they are to be anode-modulated it is 
necessary to modulate the screen voltage as well as the 
anode voltage and the respective amplitudes must be cor
rectly proportioned. Some pentodes have a separate 
connection to the suppressor grid and can be suppressor-grid 
modulated, though this system is not widely used on account 
of its low anode efficiency. 

Double-tetrodcs and Double-pentodes. A range of double 
valves having anode dissipations in the range 6-50 watts is 
available and is well suited to amateur requirements. Some 
have two separate units within one envelope Fig. 2.28, while 
others have a common flat cathode, one face being used for 
one section and the opposite face for the other section. The 
control grids are " half grids," one on each side of the 
cathode, and the screen is a common grid surrounding the 
two control grids and the cathode, while the anodes are flat 
plates, one on each side. This form of construction avoids 

Fig. l.28 

Cut•away view of a v.h.f. 
dou ble tetrode, the 
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circulating currents in a common cathode lead or in the 
screen lead when the two units are used in push-pull and 
enables a greater efficiency to be obtained at high frequencies. 
Some types also embody in ternal neutralization. Satisfactory 
operation up to about 600 Mc/s can be achieved with some 
of these double valves, both as class C amplifiers and as 
frequency multipliers using the third or fifth harmonic. 

SPECIAL VALVES 

Disc-seal Valves. T he cathode is in the form of a thimble 
coated on the end, while the grid is composed of parallel 

A 2C39A d isc seal 
transmittinr valve .. 

(Photo by courtesy 
o(S.T. & C. Ltd). 

wires tightly stretched across a hole 
in a metallic disc and the anode is 
a plain fiat disc, the various parts 
being spaced by means of glass or 
ceramic seals. The outer rims of 
the discs extend beyond the seals 
for connection to the external cir
cuit which can advantageously be 
of cylindrical co-axial form to suit 
the construction of the valve. Such 
valves arc intended for use in 
grounded-grid circuits and will op
erate up lo frequencies of several 
thousand megacycles with quite 
good efficiencies: they are available 
both as triodes and as tetrodes. 
The anode is generally cooled by 
an air blast through radiating fins 
or by conduction to the external co
axial circuit elements. Valves of 
this form are also known as planar, 
lighthouse, rocker or pencil valves. 

In the ceramic stacked triode the 
electrode discs are scaled directly to accurately machined 
ceramic washers. The valve can give 15db gain at 1000 
Mc/s with a noise factor of 8·5db. 

Quick Heating Vah·cs. A range of swgle and double 
transmitting tetrodes has recently been introduced for use in 
mobile equipment. These valves arc of the directly heated 
type but have a very low filament voltage of the order of 1·1 
volts and cannot be operated directly from a 6 or 12 volt car 
battery. They have characteristics similar to the normal 
indirectly heated types. The filament is energized from 
additional centre tapped windings oo tbe transformer of a 
transistor d.c. to d.c. converter. These windings have a 
rectangular output waveform, the r.m.s. value of which is 
half the peak to peak amplitude. 

Valves for Si.ogle Sideband. The recent extension of single 
sideband operation has resulted in the production of special 
valves for this purpose. Low power types such as the 7360 
and 6AR8 beam deflection valve are intended for use as 
balanced modulators to generate single or double sideband 
signals. 

The arrangement of electrodes in the 7360 is shown in 
Fig. 2.29. A flat cathode, coated on one side, a control grid 
and a screen grid, form an electron gun which produces a 
ribbon-like beam. The screen grid and the two deflecting 
electrodes act as a eon verging electron lens to focus the beam. 

Varying the bias or signal applied to the control grid 
varies the anode current as in a conventional valve. The 
total anode current to the two anodes at a given voltage is 
determined by the voltages applied to the control and screen 
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Fis . 2.29. Arr:anrement of electrode• in th e 7360 bum deflection 
valve. 

grids (accelerator). The division of the total anode current 
between the two anodes is determined by the relative volt
age difference of the two denector electrodes. 

Linear ampl ifiers for s.s.b. operation are required to 
amplify the input signal without introducing distortion above 
an acceptable level. This means the valve must be capable 
of delivering high peak cathode currents without approach
ing emission saturation which would cause " flat-topping." 

Two classes of operation are normally employed: class 
AB! with tetrode or pcntocle valves and class B zero bias 
with high 1• triodes. There is no doubt that class ABl gives 
the better performance. Jntcr-modulation distortion of less 
than -25db for both third and fifth harmonics can be 
readily obtained. Valves such as the TT21, 6DQ5 and 6HF5 
will give better than -30 and - 40db for third and fifth 
harmonic distortion. Triodes operated in zero bias class B 
required considerably greater driving power than tctrodes 
or pentodes in class AD I and make more severe demands on 
the driver stage. l n both types, linearity can be improved by 
applying 6-JOdb negative feedback to both the linear 
amplifier and driver stages. The most satisfactory results are 
obtained by the use of large valves drawing relatively high 
zero signal inputs, which can be as high as 70-80 per cent 
of the total anode input power capability. 

The design of linear amplifiers is considered in detail in 
Chapter 10-Single Sideband Tra11s111issio11. 

Nuvistors. This type of valve is intermediate between 
valves of normal construction and disc-seal or stacked 
ceramic. The electrodes are of cylindrical shape but smaller 
than those generally employed and are rigidly supported 
from one end by a tripod-like structure on a ceramic base. 
The supports arc continuations of the pins which are sealed 
through the base- no use is made of mica or glass supports 
or spacers. This construction produces rugged and efficient 
valves having low leakage and low micropbony. Because the 
structure is so small the capacitance between electrodes and 
the lead inductance is low, resulting in a good performance 
and low noise at v.h.f. A current type in wide use is the 
6CW4 and 6DS4. These valves are no longer manufactured 
in Europe but triodes are available from the USA in both 
single and double ended types. An example of the latter is 
shown in Fig. 2.30. 

Magnetrons. A magnetron is a diode with a cylindrical 
and concentric cathode and anode. ln its simplest form the 
anode is split into two parts but more generally it comprises 
multiple cavities which resonate at the operating frequency. 
The whole assembly is placed in a magnetic field parallel to 
the axis of the electrodes. The magnet may be an integral 
part of the valve and it is then known as a package mag-
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Fig. 2.JO. Cut-away view of a double ended N uvistor triode showing 
cyclind,.ical e lectrodes and tri pod-like supports. 

11e1ro11. Owing to the axial magnetic field the path of the 
electrons leaving the cathode is curved and for a certa in 
field intensity the electrons stop short of the anode and re
turn to the cathode, travelling in circular orbits. The time 
taken for an electron to complete its orbital journey deter
mines the frequency of o~illation. 
The energy associated with the 

VALVES 
modulated, and since the energy is retarded by reason of the 
distance of travel to the reflector and back again sustained 
oscillation wil l take place. Klystrons are employed as 
oscillators, the reflector type being preferred for low-power 
work, e.g. as a local oscillator in a superhcterodync receiver. 

Travclling-wuve Tubes. A trave//i11g-wavc tube consists of a 
wire belix supported in a long glass envelope which fits 
through two wave-guide stubs used as input and output 
elements. At one end of the tube is a conventional electron
gun assembly which directs an electron beam to the other 
end: sec Fig. 2.3.1. The r.f. signal input is coupled into the 
helix and will run round the turns of the helix at roughly its 
normal velocity but its axial velocity may be only about a 
tenth of that value, depending on tbe pitch of the helix. If 
the electron beam is sent along the centre of the helix and 
focused by a magnet it will be charge-density modulated by 
the voltage pulse (i.e. amplitude-modulated) owing to the 
interaction between the magnetic field of the current in the 
helix and the electrons. This modulation grows in amplitude 
along the length of the helix roughly according to the square 
of the axial distance from the beginning of the helix. By 
suitable design the output wave-guide coupling will extract 
more energy than was put in by tbe input coupling and a 
considerable power gain can be achieved. For example, 
travelling-wave tube amplifiers with a bandwidth of 500 
Mc/s centred on frequencies in the range 1700-8500 Mc/s 
are available. Outputs of 5-10 watts and power gains of 
30-40db arc possible. 

To prevent self-oscillation, the central part of the helix is 

moving electrons, is given up in the 
space around the cathode, whence 
it is transferred to the tuned cavi
ties and picked up by a coupling 
loop. D uring operation the valve 
tends to become overheated due to 
back bombardment of the cathode 
unless the heater power is suitably 
reduced. 

INPUT 
COUPLING 

Klystrons. A klystro11 is a valve 
containing an electron gun similar 
to that used in a cathode-ray tube 
from which a narrow beam of 
electrons is projected along the axis 
of the tube and focused through 
small apertures across which one 

ELECTRON 
GUN 

or more oscillatory circuits are connected; these circuits are 
in the form of hollow toroidal chambers known as rlwmba
tro11s. The beam of electrons is velocity-modulated by the 
application of an r.f. field, for example by passing the beam 
through small apertures having an r.f. voltage between them. 
Tf this veloci ty-modulated beam is now passed through a 
field-free space, k nown as a drift space, the faster-moving 
electrons will begin to overtake the slower ones so that at 
some point along the beam alternate regions of high and 
low electron density will exist. The rhumbatrons are located 
at points of maximum density. lf two rhumbatrons are 
coupled together by means of a feedback loop, or if a 
reflector electrode maintained at a slightly negative potential 
with respect to the cathode is mounted at the end of the tube 
the energy will be reOected back into a single rhumbat ron. 
The electrons become bunched due to being velocity-

~ 
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MAGNETIC SYSTEM 

Fig. 2.31 . Travolling·wave tube. 

normally covered by a resistive material (usually on the 
outside of the tube) known as an attenuator. 

Beam Parametric Amplifiers (Adler Tubes). Tbcsc tubes 
utilize a normal electron gun generating a focused electron 
beam which passes through electrodes io which the input 
signal is connected (generally coaxially), then through a 
quadrupole of four curved electrodes, which may be cross 
connected or coupled by inductances to which the pump 
signal is applied. The quadrupole lies in a transverse 
magnetic field provided by a permanent or electromagnet. 
The next electrodes are the output electrodes followed by 
one or more collectors or anodes. Tbe pump frequency, of 
power only a few milliwatts, is usually at approximately twice 
the signa l frequency. They have so far been made for 
frequencies between 200 and 4000 Mc/s and achieve a noise 
factor of about 2db, a gain o f over 20db and a wide band-
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width. Unlike most parametric devices they are inherently 
stable because the input, pump and output connections are 
quite separate. 

CATHODE RAY TUBES 
1n a cathode-ray tube, the electrons emitted from a hot 

cathode are first accelerated to give them <1 high velocity and 
are then formed into a beam and fina lly allowed to strike a 
fluorescent screen, thereby causing a spot of light to appear 
at the point where the beam strikes. The part of the tube 
which generates the beam of electrons is known as the g1111. 
A beam of moving electrons can be deflected laterally by 
electric or magnetic fields, and since its weight and inertia 
are negligibly small it can be made to follow almost instan
taneously the variations of periodically changing fields even 
up to very high radio frequencies, producing a visible image 
of these variations. 

In a simple type of tube. the gun consists of a heater, 
cathode, grid and two anodes. see Fig. 2.32. The intensity of 
the electron beam and therefore the brightness of the trace on 
the screen is rcguiated by the grid potential as in a valve. 
Anode No. I has a positive potential with respect to the 
cathode and accelerates the electrons which have passed 
through the grid: it is provided with small apertures through 
which the electron stream passes. The stream, on emerging 
from the apertures, is formed of electrons travelling in 
parallel straight-line paths. The electrostatic fields set up by 
the potentials on anodes Nos. I and 2 form an electron lens 
which causes the electron paths to converge or focus to a 
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Fie. 2.32. The elec:t:ron gun used in one rype of cathode,..ray tube fot 
focusinf the electron beam into a narrow pencil of rays. The electric 
fields o force act in the manner of lent:cs for denecting the p;iths of 

the electrons. 

point at the fluorescent screen. The focal length of the lens 
depends on the spacing of these anodes and their respective 
potentials, and this type of focusing is known as electrostatic 
focusing. The beam can, however, also be focused by a 
current passing through a coil mounted axially on the neck of 
the tube or by a permanent magnet. These methods are 
known as magnetic focusing. An electron gun, in its simplest 
form, can be a triode in which case it must be magnetically 
focused, but more complicated guns in the form of tetrodes, 
pentodcs and hexodes are commonly used. In general, 
electrostatic focusing is much more convenient for oscillo
scope tubes, but either method is applicable to television or 
radar tubes. 

The focused beam can be deflected eleetrostatically or 
electromagnetically. For electrostatic deflection two pairs of 
plates are mounted at right angles to each o ther, as in 
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Fig. 2.33. The beam passes between the plates and is bent up
wards and downwards by potentials between the horizontal 

Fig. l .JJ , Electrostatic denection of the e!lectron boam in a cathode
r·ay tube. 

pair of plates (the Y-plates) and from side 10 side by the 
vertical pair (the X-plates). For magnetic deflectio11 two pairs 
of coils are mounted radially on the neck of the lube, as in 
Fig. 2.34, one pair causing vertical deflection (Y-axis) and the 
other pair horizontal deflection (X-axis). 

X-AXIS 

Fig. 2.l4. Electromagnetic deflection of the e lectron beam in a 
cathode-ray tube. The coils are sometimes provided with magnetic 

cores. 

Jn the electrostatic-deflection type of tube, the beam can be 
split in to two by a separator plate thus enabling the screen 
to show two independent traces simultaneously. Such a tube 
is known as a double beam tube. Two or more beams can 
also be produced by tubes having multiple gun assemblies 
mounted within a single neck. 

The brightness of the trace on the screen depends on the 
final anode voltage and on the beam current and the speed at 
which the spot moves. Care must be taken to avoid too 
bright a spot since an intense concentration of high-speed 
electrons will burn the screen, and too great a beam current 
will shorten the life of the cathode. 

Many tubes are provided with a metallized screen which 
reduces the risk of burning and also considerably increases 
the light output. After the fluorescent coating has been 
deposited on the glass face during manufacture an extremely 
thin film of alwninium is formed by vaporization over the 
back of the screen. The layer is so thin that the flow of 
electrons to the screen is not seriously reduced, but it is 
sufficiently smooth and mirror-like to reflect the light 
produced, much of which would otherwise be lost. 

Apart from giving a much brighter image, metallized 
screens enable tubes to be operated at much higher voltages 
and also reduce the burning caused by bombardment by 
heavy negative ions generated at the cathode. The latter 
effect normally only becomes a serious problem in tubes 
which are operated at high voltages such as io television 
sets and radar equipment. 



CHAPTER 3 

SEMICONDUCTORS 

SEMICONDUCTOR devices perform similar functions to 
those performed by thermionic valves in radio equip

ment and fall broadly into two categories: crystal diodes and 
transistors. Unlike their thermionic counterparts semi
conductors require oo heater voltage and are current 
operated, as opposed to voltage operated, devices. 

Although the crystal diode in its modem form was 
accepted easily by radio amateurs as a variant of a device 
with which they are already familiar, the transistor presents 
a more difficult problem, and demands an understanding of 
its characteristics before it can be successfully used. Most 
texts on the subject arc directed towards the specialist in the 
field and it is the purpose of this chapter therefore to intro
duce the reader to the fundamentals in particular of semi
conductor circuitry without resorting to advanced physics or 
complex electron flow theory and with particular reference 
to the requirements of the Amateur Radio enthusiast. 

It was not until 1948 that the first practical transistors 
were made but development has been so intensive since then 
that a very wide range of types is now avajJable including 
those suitable for v.h.f. and u.h.f. The praclical advantages 
include low power consumption, small physical size and 
ruggedness. 

A possible disadvantage lies in the fact that, unlike the 
thermionic valve, many of the transistor characteristics are 
temperature-dependent. In most applications, however, the 
effect can be very largely offset by careful attention to the 
circuit design and by skilful development of the bias circuits. 
The requirements are so different from those of thermionic 
valve circuits that it is advisable to consider the basic 
electron-flow processes before <ittempting a full understand
ing of transistor circuit technique. 

THEORY OF SEM ICONDU CTORS 

The ability of a substance lo conduct electricity depends 
on the readiness with which electrons can become detached 
from their parent atoms. fn the case of pure germanium, 
which is a crystalline substance, there arc very few free 
electrons at room temperatures, and the material is classed 
as a semiconductor. Each atom has four valence electrons, 
which arc the electrons on which conductive properties 
depend, and atoms " knit " with their neighbours in n 
fashion typical of crystalline substances as indicated in Fig. 
3.1. The few electrons that may be available as current 
carriers are those which have been" shaken "free by thermal 
agitation. The effect of thermal agitation is lo cause electrons 
to break away from their bonds and drift into the orbits of 
neighbouring atoms. Normally the process is quite random, 
but when a voltage is applied between two points on the 

substance the movement of electrons becomes a general drift 
towards the positive pole of the applied voltage. 

Each time an electron breaks away from its atom it leaves 
a vacancy, or ·· hole," which remains until it is filled by 
another electron from a neighbouring atom. Thus the 
" hole" effect ively moves in a direction opposi te to that of 
the electron, and a general flow of electrons in one di.rection 
can be looked upon as a Row of " holes " in the reverse 
direction. Although this may appear to introduce an 
unnecessary or purely hypothetical concept it undoubtedly 
simplifies the problem of understanding the way in which 
crystal diodes and transistors operate. 

The conductivity of a germanium crystal may be greatly 
increased by the addition of a small amount of impurity 
into the crystal, and two different types of impurity are 
purposely added in this way- those with five valency 
electrons and those with only three. Such an impurity is 
arsenic which is a penta-valcnt substance. When added to 
germanium it interrupts the crystal formation because each 
arsenic atom has one excess electron which prevents it from 
fitting into the patlern. The surplus electrons are very 
mobile and arc readily available as current carriers when a 
voltage is applied. Germanium which has been treated in 
this way is known as /1 type germanium because the current 
carriers arc electrons and therefore negatively charged. If 
indium is added as an impurity, however, a similar effect 
occurs but this time each impurity atom introduces a" hole" 
because indium is a tri-valent clement. As explained above, 

IM PURITY ATOM 

Fir . l.I. In pure aermanium. which is a crystalline substanc:e. the 
fo.ur cle1;-tr~ns i-:i the o~ter orbit of each atom form t l1ht bonds 
with those tn ne•e:hbour1ng atoms :&nd leave few electrons available 
for carryinc elccu·ic current. Th e addition of a small a.m ount of 
impurity such as :arsenic. which has five elect,.ons in the outer 
orbit. introduce1 free electron• to the structure and incrf!ases the 
electrical conductivity. Germ:anium _.doped,. in this way is known 

as n t'ype. 
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a " hole " may be mobile and thus increase the conductivity 
of the crystal. Germanium doped with indium is known as 
p type because conduction is due to positively charge.d 
carriers (i.e. " holes "). 

The P-N Junction 
Fig. 3.2 shows a germanium crystal, half of which has been 

doped with arsenic and the other balf wilh indium. One half 
is therefore p type and the other /1 type. ff such a crystal is 
prepared, then at the junction between the two regions, free 

p 
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Fie. 3.2. If an impurity with only three electrons in the outer orbit is 
added to a cermanium crystal, electron defi cionciesJ or "holes 0 

are introd uced and the germanium is known as p type. A combina .. 
tion of f> region and n region in a single crysQI, as shown in this 

diagram, is the basis of a junction diode. 

electrons will move across from the 11 region and begin to 
fiU up the " holes " in the p region. Because the recombina
tion process entails a flow of charge carriers through the 
junction, a contact potential is developed across the junction 
of such a polarity as to oppose the flow of carriers and a 
state of equilibrium is quickly reached. There remains a thin 
region in the vicinity of the junction which has been cleared 
of mobile carriers and is known as the depiction layer. 

Jn Fig. 3.3 the p-11 junction is shown with an external 
voltage applied such that the p region is made positive and 
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Fir . J,J, A p .. n junction with an external vo lta.go applied as above is 
said to be forward biased. The relationthip between voltage and 

current is not linear but follows a n exponential (aw. 

the /1 region negative. Under these conditions the device 
behaves as a good conductor because the holes in the p 
region and the electrons in the /1 region a rc of the correct 
polarity to support current Oow. The magnitude of the 
current flowing will depend on (among other things) the 
applied potential, but the relationship between current and 
voltage is affected by the presence of the depletion layer, and 
tbe resultant characteristic takes the form shown in Fig. 3.4. 
This is the forward characteristic of the p-11 junction. 

If tbe polarity of the external voltage is now reversed, the 
available current carriers in the two halves are then of the 
wrong polarity for conduction and the device behaves rather 
like a very high resistance. The relatively small current that 

3.2 

... z 
"' a: 
a: 
=> u 

0 0.1 O·Z O·J 0·4 O·S 0·6 
APPLIED VOLTAGE 

Fig, 3.4, Forward characte ristic.sofa P·n junction diode. 

does flow is due to the presence of thermally-generated holes 
and free electrons. Thus, at room temperature there wil l 
always be a few 11 type carriers in the p region and, likewise, 
some p type carriers in the 11 region. Such carriers arc present 
in only small proportions and are termed minority carriers. 
Because they arc so few in number, the reverse current 
reaches saturation at a very small applied voltage. Fig. 3.5 
shows the complete forward and reverse characteristics of a 
typical p -11 junction; its suitability as a rectifier can be clearly 
seen and the device is known as a junction diode. 

It is important to note that the reverse conduction is 
entirely dependent on thermally-generated carriers, and ii 
therefore varies markedly with the temperature of the 
junction. In fact, the relationship in the case of germanium 
is such that the current approximately doubles for each 8°C. 
rise in the temperature of the junction. This feature is 
perhaps the most significant difference between thermionic 
and crystal diodes. 

Many crystal diodes in current use are of the poim-contact 
type. These differ from the junction diode in that they 
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Fie. 3.S. Complete characteristics of a p .. 11 junction d iode showing 
the way in whi c:h reverse current saturates at a very low value. 



employ a single piece of /1 type germanium with a " cat's 
whisker" in contact with its surface. Although the under
lying principle of operation is based on that of the junction 
diode, the exact mechanism of the process is not yet com
pletely understood; it is believed, however, that the effect of 
the " cat's whisker " is to create a small region of p type 
substance in the vicinity of the contact. The particular 
characteristics of the point-contact diode are high forward 
resistance and good high frequency performance. 

The Transistor 
ln Fig. 3.6 an elaboration of the basic p-11 junction is shown 

in which the 11 region is made vecy thin and a second region 
of p type germanium is added to form a p-n-p sandwich. This 
device can be considered as two p-11 junctions mounted back 
to back: each junction is capable of being biased separately 
and of reproducing the characteristics described previously. 
If, however, both junctions are biased simultaneously rather 
special conditions apply. The left-hand junction is biased in 
the forward direction and therefore presents a low resistance 
to the flow of current, while the right-hand junction is biased 
in the reverse, i.e. high resistance, direction. Because the 11 

p n p 

0·02 0·98 

+ + 
'------t 

Fir. 3.6. A 1,.n.p tandwich forms two p-n junction• mounted back to 
back and i1 the basil of the transistor. The left.hand junction is 
forward biased but a larae proportion of its inpu t current becomes 
transferred to the right·ha.nd junction, which i1 reverse biased. 
Power aain ari•es because an input curre nt into a low resista.ni;e 

appe.ar-t in a circuit of much higher re.1 i1tanc&. 

region is very thin, many of the current carriers flowing into 
the n zone from the forward biased circuit become captured 
by the p region in the reverse biased circuit. For example, if 
a current of I mA flows into the left-hand p region, instead 
of the whole of this current appearing in the connection to 
the /1 zone, about 98 per cent of it may flow into the right
hand p region and thus appear in the normally very high 
resistance circuit. Only about 2 per cent of the " input " 
current will then be extracted from the /1 region. This is the 
basic transistor aciion, power gain being achieved by virtue 
of the fact that an input current fed into a low resistance 
circuit reappears in a circuit of much higher resistance. If 
the " sandwich " is made 11-p-n instead of p-11-p the same 
process will occur provided that the polarities of the bias 
circuits are reversed. Many transistors available at the 
present time are of the p-n·p type and of a construction 
similar to that shown in Fig. 3.7. Germanium and silicon 
are the most commonly used substances; silicon has the 
advantage of being less temperature dependent. 

In all transistors the outer electrode of tho forwa rd biased 
junction is termed the emitter, the centre electrode the base, 
and the reverse biased electrode the collector. 

SEMICONDUCTORS 

Fig. 3.7. Construction of a typical P·•·P a udio frequency or r.f. 
transistor. Thls is known as the alloyed junction type in which th• 
juntt·ions are formed by alloying p type impurities into opposite 
faces or a wafe r of n type aermanium. The c.:entra reaion is known 
as the base e lectrode, the forward b iased electrode i1 termed the 

emitter, and the reverse biased electrode t he collector. 

Early transistors were not junction types but were known 
as poi11t-co11tac1 transistors. These employed a method of 
construction similar to tha t of the point-contact diode except 
that two "cat's whiskers " were involved. They tended to 
be unreliable and inconsistent and have been almost com
pletely superseded by the junction type. 

BASIC C IRCUIT CONFIGURATION S 

So far in this description the transistor bas been considered 
as operating in such a way that the base connection is com
mon to both the emitter and the collector circuits. This is 
known as the common base configuration and is characterized 
by a current " gain" of a Little less than unity, and by a low 
input resistance and a very high output resistance. A 
recognized symbol for the current gain in this arrangement is 
Cl (alpha). From Fig. 3.8, which indicates the current distri
bution when one unit of current is fed into the emitter or 
input electrode, it can be seen that the ratio of collector 
current to base current is Ct/(I - o): this ratio is given the 
symbol fJ (beta). In a typical transistor, f1 is about 50. Thus, 
if a common emitter arrangement is adopted, the device 
becomes capable of providing a worthwhile current gain. 
The available power gain is very high and, for this reason, 
the common emitter arrangement is by far the most widely 
used. 

Nevertheless when using a transistor at frequencies near 

c 

a: 

1-a: 

Fig. 3.8. In this diarram the P·n-p transistor is represented by its 
cir·cuit symbol. The symbol a. is used to express the ratio of c:ol~ 
lector current to emltter current and is typically 0·98. Thus the 

r'atio of collector current to base current is 1 :a and is known a.s ~· 
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Fir. 3.9. Because of tho fin ite tr:intit time o( the curre nt carriers, the 
current eain of a t ransi1tor fall s off as frequency is increased. The 
frequ ency at which tho common base current r:iin has fallen by 3 
db is known as the alpha cut-off frequ ency and 11 elven the symbol 
fa.. The available powe r gain la.111 off at a rather faste r rate,<nshown 
in thie craph which is plotted for a. tra.nwistor with an fa. of abou t 

10 Mc/1. 

the practical limit for its type there may be an advantage in 
using the common-base circuit. This arises because, although 
the conunon-emittcr arrangement is capable of greater low 
frequency power gain , the gain falls orr at a faster rate with 
increasing frequency than it docs in the common-base 
arrangement. Typical gain frequency characteristics of a 
transistor in each of these two con.figurations are shown in 
Fig. 3.9. 

CONFIGURATION INPUT OUTPUT CURRENT POWER 
RESISTANCE RESISTANCE GAIN GAIN 

~ I T 
40 OHMS IM OHMS 0·98 1,000 

(30dB) 

CO MMON BASE 

~· 2 K OHMS I 30KOHMS 50 10.000 
( 40da) 

COMMO N EMITTER 

E 

i~r IOOKOHHS I K OHMS 50 40 

I 
(16dB) 

COMMON COLLECTOR 

Fis. 3. 10. Typical small-sisna l low fraquency chuacteri1tico <>f a 
junrtion transistor in each o f the three basic confi1urat;ion1 are 

thown In thi• table. 

3.4 

The third possible con.figuration is the common collector 
arrangement but this has only specialized application. 1t is 
analogous to the cathode follower valve circuit and is 
characterized by a high input resistance and a fairly low 

l 
output resistance. The current gain is -- , which is equal 

l - IX 

to {J + l , and therefore approximately the same as that of 
the common-emitter circuit. In spite of the high current 
gain, the power gain is not very great because of the adverse 
impedance transformation. This arrangement is however 
well suited for use as an input stage for a crystal microphone 

0 J 4 5 67 89 1011 
COLLECTOR - EM ITTER VOLTAGE 

Fig. 3.11. A typical fam ily or C.·Ollector characteri1tia for. tran1i1tor 
in the common emitter confiauration. Their general shape is very 
similar to the anode characteristics of a pentode valve and they can 
be used in a similar way. To demonstrate this, a load line ha• been 
s uperimposed to represent the working conditions of the clai1 A 
output 1tage of Fi1. 3.15. N oto the low u knee., voltage which 
enable• very hi&h efficiencier to be obtained in a transistor power 

stage. 

or pick-up owing to its high input impedance and low 
output impedance. 

Typical characteristics of a transistor operaling in each of 
the three configurations arc listed in Fig. 3.10. 

IMPORTANT TRANSISTOR CHARACTERISTICS 

In spite of the fact that the basic operation of the transistor 
is so different from that of the thermionic valve, there are 
distinct resemblances between some of their characteristics. 

Fig. 3.11 shows a family of collector characteristics for a 
typical transistor in the common emitter configuration. The 
general appearance is very similar to that of the anode 
characteristics of a pentode valve, but each curve in the 
family is plotted for a particular value of input current (I~) 
to the base electrode in contrast to the input voltage applied 
to the grid of the thermionic valve. This clearly illustrates 
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Fig. 3. 12. The input characteristic.s of a t ransisto r resemble t he 
forward characteristics of a junction diod e. The slope o f the curve 
g ives th e small-signal low frequency input resistance of the 

transistor and varies with biu level. 

the importance of regarding the transistor as a current 
operated device. The lowest curve of the family represents 
the collector current that will flow even without any input 
current and is termed the collector leakage c11rre11t. This is 
the basic temperature dependent parameter and causes the 
whole family of collector characteristics to move upward 
with increasing temperature. 

When using the collector characteristics for determining 
the working point and the load impedance for a particular 
application the procedure is similar to that for a thermionic 
valve: see Chapter 2 (Valves). As an example, a load line 
has beeo drawn across the characteristics to represent a 
class A power stage operating from a 6 volt supply and 
delivering a power output of about 35 mW into a transformer 
coupled 300 ohm load. (This load line represents the con
ditions in a stage operating from a 6 volt supply but with a 
voltage drop of 1 ·2 volts across an emitter stabil ising 
resistor.) Because of the very small " knee " voltage it is 
possible to achieve very high output circuit efficiency in a 
transistor stage. 

The small signal output resistance of the transistor at any 
point is given by the slope of the characteristic at that point, 
while the current gain (/3) can be readily deduced by relating 
the base and collector currents at the same point. 

Fig. 3.U represents the input characteristics of a typical 
common emitter connected transistor and is obviously 
similar to the normal forward characteristic of a junction 
diode. This curve may be used for determining the input bias 
conditions when the required collector current has been 
established. The small signal input resistance is indicated by 
the slope of the curve at the working point and, as can be 
seen, varies quite considerably with the base current. Only 
one curve is usually shown because the input characteristics 
are fairly independent of the collector voltage. 

SEMICONDUCTORS 

The frequency limitation of a transistor is normally 
expressed by quoting the frequency at which the current gain 
has fallen to 70 per cent of its low frequency value in the 
common base arrangement. This is usually known as the 
frequency of alpha cut-off and is denoted by the symbol /a . 
Because of various capacitive effects, the power gain begins 
to decrease at a much lower frequency and it is not ordinarily 
practicable to operate a transistor at freq uencies greater than 
/a/2, except perhaps as an oscillator. 

Alternative terms defi ning the limiting frequency of 
operation include/,,,6 ; / 1 (the frequency at which f3 = l) and 
/T (the gain bandwidth product f3 •f* where p• is measured 
at / • above the f3 cut off frequency). All these terms are 
approx.imately the same as /a. but, if the f3 cut off frequency 

ff3 or fw. is encountered, the value is approximately)· 

A very important rating for a transistor is the maximum 
collector dissipation. Most manufacturers quote this for a 
specified ambient temperature and give a figure which 
indicates the derating factor to be applied at higher tempera
tures. 

STABILIZATION OF T HE WORKING POINT 

To give some idea of the importance of good stabilization 
of the working point, Fig. 3.13 shows a curve of collector 
leakage current plotted against the junction temperature for 
a typical low power transistor in the common emitter circuit. 
At room temperature the leakage current is quite insignifi
cant, but at 40° C. (104° F.) it rises to almost l mA, which 
may be considerably greater than the desired working current 
in a small signal stage. A good bias circuit will reduce the 
maximum leakage current to an acceptable level over the 
required working temperature range and also reduce the 
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Fi&. l .ll. Variation of collector leakaae cu rrent with junct ion 
temperature fo r a typical l.f. transistor. Leakaae curre nt incre ases 
so rapidly with temperature that it is possib le for a condit ion 
known ~u ••thermal runaway " to occur. This arises when an initial 
increas e o f temperature leads to sufficient rise of leakace current 
to cau.1e a further s i&nificant rise o f t,emperature. The proce ss then 
becomes rapidly cumulative and the t.ransistor is de.straye d.. A 
ca re fully deiicned biu circuit and a knowl ed1e of the t r-ansiJtor"s 

limi tat ion• a ,.e the be st 1a fe1uar·d1 •Pintt thit . 
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Typical modern transistors. Those on the riiht arc power types. 

effects of the variation of ch;m1ctcrisl.ics between transistor 
samples. 

In Fig. 3. 1.4 a transistor is shown with a skeleton bias 
circuit of a form which is applicable to most types of 
transistor stages used in communications equipment and 
which uses a single battery to supply the input bias and 
collector voltage. The base or the transistor is fed from a 
potentiometer formed by Rl and R2, while a third resistor 
R3 is inserted in the emitter lead. The amount of bias 
current 1. fed into the base electrode, and therefore the 
amount of collector current J, that will now, is decided by 
the difference between the voltages V. and V,. Tf, for any 
reason, the collector current tries to increase then the voltage 
drop across R3 (i.e. V,) will also increase. T his wi ll leave less 

RI Ic 

r R2 1 
Vb VQ 

l .____h-.:.....oi + 

3.6 

Fie. l.1'4. The basic ele ments of a 
sinclo battery bias cir·cuit. Good 
stabi lity or w orkin2 point: an be 
obt~ined w ith a bia1 1ystem of 
this type at the expense of a 
rela tively 1m:ill extra battery 

drain. 

voltage available for providing bias, and therefore the bias 
current wil l decrease and try to oppose the change in the 
collector current. The effectiveness depends on (a) the bleed 
current in the base potentiometer being sufficient to ensure 
that V. remains constant, and (b) the value of R3 being large 
enough to produce a significant voltage change across it 
when the collector current changes. A good rule of thumb for 
sma ll s igna l s tages is to arrange that the bleed current is 
about one fifth of the desired collector current and to drop 
about one-fifth of the total battery voltage across the 
emitter resistor R3. This is best demonstrated by a worked 
example. 

T he Practical Design of a Bias System 

Suppose that the transistor has the characteristics shown 
in Figs. 3.11 and 3.12 and that it is to be used in the 35 mW 
output stage represented by the load line in Fig. 3.1 1. 
Suppose also that the battery voltage is 6v and the required 
collector current is 15 mA. Following tJ1e recommendation 
above, the bleed current in the base potentiometer is there
fore ! x 15 - 3 mA, and the voltage drop across R3 
is t x 6 - l ·2 volts . Ignoring the base current taken 
by the transistor (which is much smaller than the bleed 
current) the required total resistance of the potentiometer is 

6V x 10' = 2,000 ohms. As already explained, the 
3mA 
emitter current is approximately equal to the collector 
current (see F ig. 3.6) and it is therefore convenient to find the 
value of R3 by dividing the voltage drop across it by the 

1·2V 
collector current, thus-

15 
mA x 10• = 80 ohms. From the 

output characteristics shown in Fig. 3.11, the required base 
current TA is 0 ·25 mA, and reference to the input character
istics shown in Fig. 3.12 indicates that the base emitter 
voltage required to produce this cnrrent is 0· 19 volt. Adding 
this voltage to V, gives Vi~ 1·2 + 0·19 = 1-39 volts and 

1~9V . 
therefore R2 = -- x 10 3= 463 ohms. Smee the total 

3 mA 
potentiometer resistance required has been calculated to be 
2,000 ohms, RI must be 2,000 - 464 = 1,537 ohms. 

This output stage is used in the 35 mW amplifier shown in 
Fig. 3.15 and it will be noticed that resistors of the nearest 
preferred values to those calculated are specified. Decoupling 
capacitors are used to isolate the bias circuit at s ignal 
frequencies. 

COUPLING CIRCUITS FOR TRANSISTOR STAGES 

Audio Frequency Stages 

Because the transistor is a current operated device and bas 
a relatively low impedance input circuit compared with the 
usual thermionic valve arrangement, it is more important to 
ensure proper impedance matching of the coupling circuits 
linking small signal transistor stages than in the correspond
ing valve ci rcuits. The procedure is complicated by the fact 
that transistor impedances vary with operating condi tions 
and it is necessary to establish the working point before 
attempting to calculate the coupling requirements. T his will 
normally be chosen on the basis of allowing a sufficiently 



large quiescent collector current to han
dle the signal without any clipping of 
the current waveform. 

For audio frequencies, the input and 
output impedances can then be deter
mined by measuring the slope of the 
static characteristics at the working 
point discussed previously or by referr
ing to spot values which the manu
facturer may include in the published 
data. The turns ratio of the coup
ling transformer is then given by 
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so 
>JF N = J ~= , where Zu is the input 

resistance or the driven stage and z .. 1 

is the output resistance of the preceding 
stage. Such low power coupling trans
formers can be made quite small, per
haps within a half-inch cube, but care 

Fis. 3. 1 S. A class A 35 mW audio output •ta1e and driver. Many ., perton•I 11 tran1i1· 
tori1'..ed recei vers use an output stase of this typ e. 

must be taken to ensure that the d.c. 
resistance of the windings is not too high. Winding resistance 
is much more important than in intervalvc transformers: for 
instance a voltage drop of five volts across the primary of an 
interstage transformer in a valve amplifier would be of little 
consequence but a similar drop in the collector circuit of a 
transistor stage could be disastrous when operating from a 
6 volt supply. While on this point, it is worth noting that a 
similar situation may occur when high resistance headphones 
are used in transistor circuits. 

The design of transformers for power output stages 
demands a rather different approach. Here the requirement 
is not to achieve maximum power gain from the stage, but 
maximum power output, and this entails a lower load 
impedance than for the matched condition. The class A 
output stage in Fig. 3.15 requires a collector load of 300 ohms 
and this is provided by a JO : I step-down transformer feed
ing a 3 o hm loudspeaker. A typical specification for such a 
transformer is given in Table 3.1. Because the 35 mW output 
stage requires vefY little drive, the driver transformer can be 
designed on the basis of that for a small signal stage; but 
this may not always apply. In some cases where larger 
power outputs arc required it will be necessary to compute 
the input resistance of the power stage, not on the basis of 
the slope resistance at the operating point but by considering 
the peak-to-peak input voltage and current requirements at 
full drive. By dividing the input voltage excursion by the 
curren t excursion a more realistic figure for input resistance 
is then obtained. 

Resistance-capacitance coupling may also be used in tran
sistor amplifiers but the stage gain is then not so high as wi th 
transformer coupling because the effective collector load can 
never be higher than the input resistance of tho following 

TABLE 3.1 

Transformer de:tails (or the ci rcuit o f Fie. J.15 

I Turns R:ltio 
R'lsinanco of primary 

l
' __ R!siStance of secondary 

Primary inducca.nce 

T l 

iO : I 
:::!> 250 ohms 
:::\> 30 ohms 
<: 20H 

Tl 

10 : I 
:::!> 10 ohms 
:::J> 0.3 ohm 
<J::0·3H 

stage. The amplifier thus relies solely on the current gain of 
the transistor, and the common base stage is therefore 
unsuitable for this type of coupling. However, common 
emitter and common collector stages using RC coupling are 
preferred for certain applications because of their 
simplicity. 

Radio Freque ncy Stages 

ln the case of tuned radio frequency transistor amplifiers, 
such as those in the i.f. stages of a communications receiver 
complications arc added to the general p roblems of power 
matching. These arise because of the need to preserve ade
quate frequency selectivity and because of the presence of 
internal feedback within the transistor which become signifi· 
cant at higher frequencies and can result in instability. 

To maintain selectivity it is necessafY to tap the transistor 
electrodes into the tuned circuits in such a way that a 
reasonable working Q value is maintained. Fig. 3.16 
illustrates the way in which this is usually achieved in a 
siogle·tuned i.f. transformer for use with an OC45 type 
transistor. Such a coil would be enclosed in a ferrite pot and 
the whole assembly, including the tuning capacitor, mounted 
in a small aluminium can about t in. diameter. If, in an 
effort to preserve a high working Q value, the tapping points 
arc brought nearer to the " earthy " end of the tuned 
winding, the insertion losses increase sharply and overall 

COLLECTOR TAP 

250 
pF 

Fic. J.1 6. Typical i .f. trana(ormer for u'e with tr~n 1i1ton. To m ah•· 
tain a satisfactory workinc Q value , the tran1l1tor e lectrode• are 
tapped into the tuned windinc. T he unloaded Q val ue 11 about 100 
and the t appin11 are choaen 1uch that the work in1 Q value 11 about 

so. 
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INTERNAL 
FEEDBACK PARAMETERS 

TRANSISTOR 

fir. 3.17. Repre:tentation of a neutralized transistor i.f. 1ta1e. T he 
internal feedback parameters o( the tran1i1tor are neutratiz.ed by 
feeding back an a nt iphaJe signal to t he Input ci rcuit via a series 
RC network. Fo r perfect neutralizin1. the e xternal feedback 
componenu are related to the internal parameters by a factor 
equal to the ratio of the collector turns to ba_se turns on the output 

i.f. transformer. 

gain will decrease. However, the compromise between 
selectivity and gain is not as straightforward as it may seem 
because the maximum stage gain which can be safely used 
without risk of instability is closely tied up with the internal 
feedback capacitance of the transistor, i.e. the higher the 
capacitance, the lower is the maximum usable gain. This 
limitation can be considerably relieved if the internal capaci
tance is neutralized by feeding back an antipbasc signal from 
an external circuit. The neutralizing feedback may be con
veniently taken from the secondary winding of the fo llowing 
transformer but connections to the winding must be in the 
proper sense to provide the opposite polarity required. 

To obtain complete neutralization, a capacitor in series 
with a resistor is required but the resistor may often be 
omitted in practice: sec Fig. 3.17. Correct values for the 
neutralizing components can be determined by taking the 
manufacturer's published data on internal feedback para
meters and applying a factor equal to the turns ratio of the 
transformer which is supplying the feedback vol tage. For 
example, if the transistor feedback parameters arc quoted as 
a capacitor of l 2pF in series with a resistor of 3000 ohms, and 
if the primary-to-secondary turns ratio of the i. f. transformer 
is denoted by N, the neutralizing components should 
consist of a capacitor equal to N x 12pF in series with a 

. f 3000 
resistor o N ohms. 

Perfect neutralizing will rarely be achieved and it is 
impracticable to design on that basis. A good approach is 
to assume that neutralizing error may be as high as 20 per 
cent of the nominal collector-base capacitance which, in the 

T ABLE 3.2 

Suggested b:isc circuit o.nd collector circuit rcsiso.nccs ~t v:i.r'ious frc_. 
quen c::: ies for a common cmiuer stage operating: it collector current of I mA 
•nd with • net fccdb•ck cap•dunce of 2 pf. 

Base circu it Collector circuit 
Freque ncy resistance a t stated resis tance r\t stated 

frequency frequency 

110 kc/s 200 ohms SOK ohms 
'470 kc/s 100 ohms 20 K ohms 
1·6 Hc/s 60ohms 10 K ohms 

10·7 Mc/• 30 ohms 3 K ohms 

3.8 

case quoted above, would reduce the net feedback capaci
tance from 12pF to about 2.5pF. 

It is interesting to note that many v.h.f. transistor types on 
the market have actual internal feedback capacities of about 
2pF, which is less than the neutralizing error which must be 
catered for on less sophisticated types. Obviously if such a 
low initial capacitance is neu tralized the likely error is 
extremely low and a very carefully designed stage could 
achieve high power gain, but a more significant observation 
is that the low-capacitance transistor is capable of giving as 
much gain without a neutralizing circuit as the high-capaci
tance sample gives when carefully neutralized. For this 
reason, and because of their higher input and output resist
ances, v.h.f. transistors are becoming increasingly popular in 
i.f. amplifiers, even at the relatively low frequencies com
monly used in broadcast receivers. 

As a guide to i.f. and r.f. transformer design, Table 3.2 
lists suggested base circuit resistance and collector circuit 
resistance values at various frequencies for a common 
emitter stage operating at l mA and with a net feedback 
capacity of about 2pF. For most tuned transformers, the 
resistance of a winding at a tapping point may be calculated 

R 
from Ru.r = N~' where Ro is the dynamic resistance of 

the whole tuned winding at the frequency concerned 

( Ro = 2 l~ ) , and N is the ratio of total turns to 
7T rlJNB 

tapped turns. 

Com ple mentary Sy m metry Amp lifiers 

To supply the drive requirements of a push-pull pair, some 
form of phase-splitting arrangement is commonly involved. 
For many conventional amplifiers this takes the form of a 
transformer, but transistors now permit this requircmeut to 
be avoided by using devices of opposing polarity (i.e. n-p-n 
paired with p-11-p) in the driven stage so that the input 
electrodes can be common and driven in phase with each 
other. Fig. 3.18 shows an amplilier of this type which is 
designed to del iver about 300 mW into a speaker. It can be 
seen that apart from the speaker there arc no bulky com
ponents, the elimination of transformers greatly reducing 
the weight and size of the unit. There are, however, far more 
significant rewards than this because iron-cored transformers 
have many •Jnclcsirable electrical characteristics and their 
removal opens the way to new standards of sound quality. 

Apart from the direct effects of transformer distortion, 
d ifficulties often arise due to phase shift within the com
ponent at the higher audio frequencies. This sets a limit to 
the amount of negative feedback which can be safely em· 
ployed and may mean that distortion introduced by other 
components cannot be reduced to the desired level. 

Jn Fig. 3.18, the driver transistor is an ACI 13 in class A 
common-emitter configuration. The collector is d.c. coupled 
to the output transistors which have a d.c. and a.c. negative 
feedback path to the driver s tage input via a preset resistor 
which is used to adjust initial working conditions. The 
preferred method of adjustment is to examine the output 
waveform on an os;;illoscopc and set the resistor to the 
position where the waveform clips symmetrically under 
overload conditions, but if this facility is not available it is 
sullicicnt lo adjust to give a quiescent voltage of 5·0 volts at 
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Fig. 3.18. A 300 mW class B push-pull amplifi er usine n·1>-n a nd 
~n-p transistors in the complementary symmetry configuration. 
Thi.s arr-ancement avcids the need for a phase spl ic:c:ina: dri ver 
transformer and le.ads to a completely tr-ansformerfess a .. f. amplifier. 

the junction of the two 2·2 ohm resistors in the emitter 
circuits of the output transistors. The AAl20 germanium 
junction diode in the driver collector circuit is operating in 
the forward direction and helps 
to stabilize working conditions 
against the effect s of temperature 
change and variations of supply 
voltage. 

An AC154 p-n-p transistor and 
an AC157 11-p-11 transistor form 
a matched output pair, it being 
essential that their characteristics 
are complementary over the 
entire working range of current 
and voltage. This ls very import
ant and it is of li ttle use to pair 
n-p-n withp-11-p devices at random 
in this application. The I 5 ohm 
loudspeaker is fed via a 2001~F 
electrolytic capacitor wbich is 
sufficiently large to ensure good 
bass response. The 9 volt supply 
is shunted by a similar capacitor 
to provide a low-impedance path 
for the high peak currents 
involved. 

• THE EFFECTIVE SOURCE 
RESISTANCE R SHOULD 
NOT BE LESS THAN 5K!l. 

SEMJ CONDUCTORS 
problem of obtaining matching between n·p-n and p-n·p 
transistors at high peak currents and opens tbe way to 
mucb higher power output levels. Each half of the push-pull 
output stage consists of a pair of transistors connected in the 
so-called super f1 or Darlington configuration. Such a pair 
behaves rather like a single transistor of very high current 
gain and furthermore, by using a low power 11-p-11 transistor 
coupled with a high power p-11-p transistor, the combination 
behaves as though it were a high power 11-p-11 device. It is 
thus possible in a complementary push-pull stage to obtain 
relat ively high outpu t power levels without the difficult 
requirement of matching the characteristics of an 11-p-11 

power tra nsistor to those of a p·ll·P power transistor. 
Amplifiers of this type, delivering outpu t powers of many 
tens of watts, are replacing thermionic valve amplifiers in high 
quality sound apparatus. 

In the amplifier shown, it is very important that the AF167 
output transistors arc mounted in an effective beat sink to 
ensure satisfactory operation up to an ambielll temperature 
of 45° C and a lso that the AA120 compensating diodes are 
mounted on the same heat sink so that their temperature is 
closely related to that of the transistors whose condi tions 
they arc intended to stabi lize. The preset resistor should 
ideally be adjusted to give symmetrical overload conditions 
as described for the previous amplifier but alternatively may 
be set to give the values of quiescent collector currents shown 
on the diagram. 

Because the output pairs arc in series connection across 
the supply line, each pair operates from only half of the 
available supply vol tage. This explains why the unusually 
high level of 26 volts is used on this and many similar 
amplifiers. For operation from a mains supply the power 
unit need consist only of a transformer-fed bridge rectifier 
circuit with a single reservoir capacitor of 2000,..F. No other 
smoothing is required. If the amplifier is being operated 
from batteries it is advisable to use a capacitor of similar 

-26V 

l·lmA 
0·9mA 2mA 

ACl66 ACl67 

2 511. 

+ 
The amplifier of Fig. 3.19 is 

similar to the circuit just discussed 
but uses a coupUng arrange
ment which partly avoids the 

( ADJUST le) 

Fie. J.19. A 2 watt tr;a.nsforme rle.ss a.f. amplifier usin1 a modified c.omplement,ray symmetry 
arraneement whic:h permits the use of m :il.tc.hed p-n-p transistors in the final power st-ace:. This 
is ndv:ant:aieou$ because of the difficu lty of matchinc an n·P·n device to ;a P·n-·p transis tor a t-

hiirh power levels. 
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diodes. 

value to shunt the supply to a void premature overload. 
The frequency response of the amplifier is substantially 

level between 25 c/s and 10 kc/s and the total harmonic 
distortion at maximum rated output is less than I per cent. 

SEMICON DUCTOR D IODES 

Semiconductor Power Rectifiers 

Rectification always involves a certain loss of power in the 
form of hea t. In the case of power supplies for radio equip
ment, the amount of heat to be disposed of may be significant 
enough to i11fluence markedly tile mcchnnical design if 
thermionic diodes or selenium diodes are used as the 
rectifying elements. 

By using germanium or silicon junction diodes, however, 
rectification efficiency can be so greatly improved tha t it 
becomes possible for a diode no larger than a nashlamp 
bulb to rectify the h.t. power for a JOO watt transmitter. 
Examples of such diodes are shown in the photographs and 

J·6 

SEMICONDUCTOR (GERMANIUM) 

0 ·5 ,...... 
"' n. SEMICONDUCTOR ( SILICON) 
2 0 ·4 
~ 
I-z 
UJ 0.3 a: 
a: 
:> 
u 
CJ 0·2 
0 
0 
Ci 

0·1 

0 
0 5 10 15 

VOLTAGE ACRO SS DIODE (v) 
Fie. l.20. Comparison of the voltage drop• acrou aemiconductor 

and thermionic power rcctiner diodes. 
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it can be seen that they are small wire-coded components 
which can be hung in the wiring in much the same way as one 
would mount a resistor or capacitor of comparable size. 
Diodes for larger power requirements may be fitted with 
means for clamping to a metal cooling plate. 

Most of the losses in a power rectifying diode arc incurred 
during the conductive part of the cycle by the passage of 
Cllrrent through the forward resistance of the device. Fig. 
3.20 compares the forward characteristics of a thermionic 
diode with those of similarly rated silicon and germanium 
devices and clearly shows the advantages to be obtained in 
this respect. The apparent advantage of gcrman.ium over 
silicon is largely offset by its lower maximum working 
temperature (90' C against about 150° C for silicon) and also 
by inferior reverse characteristics. 

Apart from reducing device consumption, lower forward 
resistance results in higher d.c. output voltage for a given a.c. 

470K 

MAINS 

0-0 

470K 

Fie. 3.21. Circuit of a typical power supply using two silicon recti· 
fiers type BYIOO in series to pr ovido 350 volts at 400 mA. Tho supp ly 

ombodies features disc:us:sed in the text. 

illput level, but also involves higher peak forward currents 
in the diode circuit, particularly if a capacitor input filter is 
used for smoothing. In the case of most transformer-fed 
rectifying circuits, the resistance of the transformer windings 
\\ill limit the charging current to a sare value, but this 
feature should be considered carefully at the design stage 
and reference made to the manufacturer's data to establish 
minimum permissible circuit resistance for the value of 
reservoir capacitor envisaged. Any extra resistance required 
should then be connected directly in series with the diode. 

One of the difficulties encountered in the development of 
semiconductor power diodes was the high reverse voltage 
rat ing required in a single junction if the need for several 
units to be connected in series was to be avoided. To provide 
a suitable safety factor, a reverse voltage rating of at least 
three times the r.m.s. value o f sine wave input is required. 
Junctions having voltage ratings of 800 to 1,000 volts arc 
bemg produced cheaply and are in common use in domestic 
television receivers but, if it is necessary to operate diodes in 
series, ra ther special precautions must be taken to ensure 
equal distribution of voltage between samples. Inequali ties 
arise during the non-conducting period due lO differences in 
reverse resistance and should be reduced by shunting each 
diode with identical ii"<ed resistors of sufficiently low value to 
"take-charge " of reverse voltage distribution ye t not low 
enough to cause excessive heat dissipation within the 
resistors themselves. For precise adjustment, knowledge o f 



the reverse leakage tolerances on the diodes in question will 
be required but for most amateur radio purposes, matched 
resistors in the order of 500 K ohms will be adequa te. 

Further precautions may be required in order 10 protect 
the diodes against permanent damage due to short-duration 
pulses such as interference spikes which may " ride" on the 
peaks of the incoming mains waveform and cause excessive 
reverse voltage. Unlike thermionic diodes, semiconductor 
devices may be very susceptible to tbis form of overload, but 
protection may be provided by shunting each diode with a 
capacitor of about O·OOlµF, bearing in mind the working 
voltage requirements. 

A typical power supply incorporating these safety pre
cautions is shown in Fig. 3.21. 

A recent development in the semiconductor field is the 
device known as the controlled avalanche rectifier which is 
similar to the diodes discussed above but has a specially 
shaped reverse cbaracteristic which allows the rectifier to 
absorb more transient energy. The so-called avalanche 
characteristic is particularly useful for series operation of 
rectifiers, especially when a choke-input filter is used or 
when interference spikes are plentiful. 

If a single diode will not deliver the current requirements, 
it will be necessary to operate two or more in parallel. The 
danger then is of unequal distribution of forward current 
which may have 10 be corrected by the insert ion of a low
value resistor in series with each diode. Any doubts about 
the well-bei.ng of diodes in this respect can be met by includ
ing a suitable fuse in series with each device. 

It is assumed that most power rectifying equipment will be 
operating from the domestic mains supply, but occasionalJy 
it may be required to rectify waveforms at frequencies several 
times higher than 50-60 c/s. The use of semiconductor power 
diodes may present some difficulty here because of a 
phenomeo known as "hole storage " which causes a delay 
in switching off the diode after each period of conduction. 
When the delay becomes significant, compared with the 
duration of the applied waveform, loss of efficiency arises 
and, perhaps more important, voltage inequalities between 
diodes m series may be exaggerated. T he latter effect mav be 
relieved somewhat by adding shunt capacnors of values 
similar to those discussed in connection with protection 
against interference spikes. 

Silicon Controlled Rectifiers 

The silicon controlled rectifier 1s much the same as an 
ordinary silicon rectifier except tbat it is " blocked " in the 
forward direction until switched on by a small signal appl ied 
to a third electrode termed the gate. Once switched on it will 
conduct even after the gate signal is removed and will switch 
off only when the forward current bas been reduced below a 
critical level known as the holding current. 

As can be seen from the static characteristics shown in 
Fig. 3.22, the SCR can also be switched on by increasing the 
voltage across the main electrodes to the level where 
avalanche breakdown begins to occur, but in typical opera
tion the applied voltage is kept below this point and 
triggering is accomplished by injecting current into the gate 
lead. The action is very similar to that of a gas thyratron 
valve but whereas the thyratron is essentia lly voltage 
triggered, the SCR is current triggered. This must be borne 
in mind when designing firing circuits because the SCR 
requires a Jow impedance source. 

+I 
CATHODE 

~ GATE 

l~a) 
ANODE 

v 

' REVERSE BLOC KING 
REGION 

-I 

SEMICONDUCTORS 

REGIO N OF HIGH 
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/ ------

PICK· UP 
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f FO RWARD 
/ BREAKOVER 

,,/ .K VOLTAGE 

'tV 

FORWARD 
BLOCKING REGION 

(b) 

Fig. 3.22. (a) Circuit symbol for "' s ilicon controll ed rectifier (b) 
Elec:tr-ica.1 charactcrl1tics of an SCR. Applic:ation or a relatively 
small sirnal to the a·<tt·a electrode can switch the device from the 
forwa rd blocki n1 re1ion to the hi1h conduction re1ion. The block
in1 condition can only be restored by reducing tht1 forward curre.nt 
below th e hold in1 level. The act ion can be likened to that of a 

thyratron valve. 

The significant difference between a switching transistor 
and an SCR is that a transistor does not exhibit the latching 
action of a SCR and requires a much higher control current. 
Whereas a base current of perhaps 1 amp would be needed 
to control a collector current of 20 amps, the required gate 
current in an SCR would be about 50 mA. Because the SCR, 
by virtue of its construction, is able to make more effective 
use of the junction area for current conduction, it is some
what smaller in physical size than a transistor of comparable 
rating but will need to be fixed to a heat sink and is usually 
fi tted with a stud for this purpose. 

Although it seems unl ikely to find extensive use in amateur 
radio apparatus, the SCR is proving to be a very v:rsatile 
device, with application to such items as controlled power 
supplies, power regulators, d.c. to a.c. inverters and time 
bases for cathode ray tube scanning. 

Zener Diodes 
Zener diodes are semiconductor diodes with specially 

shaped reverse characteristics which enable them to be used 
as stable voltage references and are named after tbe discoverer 
of the effect upon which their operation depends. 

Typica l reverse characteristics of such a device arc shown 
in Fig. 3.23. As reverse voltage is increased from zero, the 
diode behaves in much the same way as other semiconductor 
junctions until a critical voltage known as the Zener voltage 
is reached when a phenomenon known as Zener breakdown 
occurs and current begins to rise very steeply as voltage is 
further increased. fn this region, p rovided the power 
dissipation limits arc not exceeded, the diode may be used 
in a similar way to a neon stabilizer tube, with the advantage 
that a range of types with working voltages between three and 
200 is available. The most common types operate at about 
4-8 volts and it is worth noting that diodes in the range 
5- 6 volts can be made to have a temperature co-efficient of 
near zero at room temperature. This means that the Zener 
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Fie. 3.23. Static ehar:.tctcrlstics or a typical low voltage Zener 
diode at 2Sl>C, Tho c rfcct o f incre:ulng the temperature is t o d is· 
place tho curvo along: tho voltago axis in a direction depending on 
tho polarity of tho temperature coofflcient. Reverse current at 

voltnga below tho Zenor level is :ibout lOµA. 

voltage will be substantially independent of temperature over 
a useful range; 5-6 volts may therefore be the best stabilizing 
level to select if a choice is available when designing equip
ment. 

Fig. 3.24 shows the basic manner in which the diode is 
used. The value or R should be chosen to pass the required 
nominal diode current which, for many purposes, will be 
about half of the maximum diode ra1ing, typical values being 
about 50 mA for moderate sized devices. The order of 
voltage regulation obtainable is about 0·01 per cent change of 
output voltage for an input level change of 1 per cent. 

+o>--- -----.. 

t ~R 
V!in ._ __ _..t + 

Vout 
(mat'ZED) 

o------...._ ______ ,_,., 
fig. 3.24. Basic method or connectinr ::a. Zener diode to produce a 
stabilized volt:.ge. The va lue of R should be chosen, arter reference 
to the published charactcristict, to aive 3. diode current which will 
accommodate expected load and supp ly variations without 

exceedina the di11ipa.tion limits of the diode. 

Possible uses include stabilizing working conditions of 
transistor amplifier stages, providing constant bias supplies 
for thermionic valves and providing voltage references in 
stabilized power supplies. 

Variable-capacitance Diodes 
Yet another app lication for the p-11 junction diode is as a 

voltage-dependent capacitor in radio or electronic circuitry. 
As was explained earlier in this chapter, when a junction 
diode is biased in the reverse direction a region at the junc
tion becomes swept clear of current carriers and is known 
as the depletion layer. The thickness of the region increases 
as the applied voltage is incn:ased and can be considered 
as an insulator between two electrodes. The capacitor thus 
formed is therefore voltage-dependent and, in the case of a 
particular commercial sample, has a capacitance which is 
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· . I I I . h approxunately proporllona to--=-• w 1ere V 1s t e reverse 
v'V 

bias voltage. Although any p-11 junction will exhibit this 
effect, devices with carefully controlled parameters are 
produced specifically for this purpose and find application 
for processes such as automatic frequency control, or for 
parametric amplification (sec Chapter 5). 

The characteristics of a variable capacitance diode are 
given in Fig. 3.25. 
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Fig. 3.15. Variation of capacitance with volt.ace in a variable capaci
tance d io de. Although it is more u1ual to opcr:ite in th e reverse 
bias mode, the characteristic does extend into the forward bias 
region where care must be taken not to exceed the ma.ximum 

dissipation limit. 

T he Tunnel D iode 

A device which may prove superior to the transistor io 
certain v.h.f. or u.h.f. applications, and which is undergoing 
intensive development, is the tunnel diode. This derives its 
name from the quantum-mecbanical tunnelling effect on 
which its operation depends and promises to be useful at 
frequencies about 100 times greater than current transistors, 
yet requiring only a fraction of the power. 

Briefly, it c.onsists of a p-11 diode made from heavily-doped 
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Fig. l.16. Static: e:haraC'terittice of t ypical pllium·artenide tunne l 
diod•. 



materials and w1rn an extremely thin junction region. Unlike 
the trans istor it operates largely on the passage of majoriry 
carriers across the junction, and a signal is thus transmitted 
through the diode at much the same speed as it would be 
through a metallic conductor, hence the excellent high
frequency performance. 

When biased to a particular part of the characteristic, the 
device presents an incremental negative resistance, see Fig. 
3.26, and thus may be treated as a two-terminal ampl ifier. At 
present, a major disadvantage lies in the di fficulty of design
ing coupling circuits for cascaded stages. With a negative 
resistance characteristic perhaps extending up to a frequency 
of thousands of megacycles the risk of spurious oscillations 
occurring can be readily appreciated. The problem is largely 
tied up with the method of making connect.ion to the diode 
junction, and the type of encapsulat ion becomes extremely 
important. 

Transistor s a t U . H.F. 

The general pattern of events has been for transistors to 
compete most effectively with valves at the lower frequencies, 
expansion of use being broadly rela ted to improvement of 
high frequency performance. More recently the trend has 
been accelerated in a perhaps unexpected fashion by the 
introduction of germanium transistors which will give better 
noise performance than competitive valves at frequencies in 
the range 400-900 Mc/s. 

The stimulus for this development has undoubtably been 
the spreading of domestic television transmissions into the 
u.h.f. bands where atmospheric and man-made interference 

.--~~~~ ....... ....-~~~~~~~~-0 + 12v 
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Fig. 3.17. T ransis tor u.h.f. amplifier t uneablo from 500 t o 800 Mc/s. 
The s ixe a nd po1i t ion of the out put coupling loop • hould be a d juste d 
t o suit the load. The power gain i• approximately 10db at 800 Mc/s 

a nd the no iao factor about 8d b. 

effects are so much less troublesome than on the v.h.f. bands 
that receiver noise performance se ts the limit to usable 
sensitivity. The order of improvement currently being 
obtained by usiog the AFJ39 transistor instead of the PC88 
valve for example is about 2- 3db. 

To achieve this the AF l 39 is operated in the common-base 
mode at a collector current of about 2 mA. A 75 ohm 
unbalanced aerial circuit may be fed di rectly into the 
emitter, while the collector circuit is usually tuned by a 
quarter wave line. Ajustment of tuning may be by variable 
capacitor across the end of the line or by a sliding short
cireuit to vary the line length. Power gain is typically JOdb at 
800 Mc/s. Noise factor varies between about 6 to 8db but, 
if the stage is followed by a self-oscillating mixer using the 
same type of transistor, the overall noise performance will 
deteriorate by about J-2db due to the intrusion of mixer 
noise. 

SEMICONDUCTORS 

TABLE 3.3 
Comm only .. us ed s ym bols associated wi th tra.nsistor param eters. 

Symbol Parame ter 

a or hr~ sm:tll·signat current &'~in, common base 
13 or hro small·signal current g-ain, common emitter 
h.,6 d.c. current c:ain, common emitter ,..., collector leakaco current, common eminer 
lcbo collector le.ai..:aie current, common b~e 

I 
v .. collcctor·cmiucr volu,o 
Vcb colloctor-base volt•&• 
Vt>o buo~,cmitur voltacc 

The circuh of a simple unneutralized tuneable 500-800 
Mc/s r.f. stage is shown in Fig. 3.27. 

PRACT ICAL APPLICATION OF TRANSIST ORS 

T ransistors, a lthough mechanically quite robust , can easily 
be damaged or destroyed by careless use and before attempt
ing to build or service transistorized apparatus it is therefore 
wise to bear in mind the following points: 

(a) Never apply prolonged heat when soldering the con
necting leads of a transistor without using a thermal 
shunt between the transistor and the soldering iron. 
A pair of pliers wi ll do, but it is more satisfactory to 
fab ricate a shunt by soldering a pair of copper plates 
to the jaws of a crocodile clip. 

(b) Do not cut the transistor leads shorter than absolutely 
necessary. Remember that the thin wire used for these 
leads can break off close to the transistor. 

(c) Do not use an ohmcter on transistor circuitry without 
first removing the transistors. Apart from the 
possibility of obtaining false ohmeter readings, there is 
danger of damaging the transistors. 

(d) Do not apply excessive signal amplitude from test 
oscillators or signal generators. Some test apparatu s 
may be capable of delivering sufficient power to 
damage the transistors. Start with a small signal and 
increase it until the desired indication is obtained. 

(e) Always check connections carefully before switching 
on power to transistor equipment for the first time. 
Pay particular attention to correct battery polarity. 

A simple transistor tester is described in Chapter .19 
1Meas11reme11ts). On no account should a multimeter of less 
than 20,000 ohms per volt sensitivity be used to measure the 
internal resistances o f a transistor. 

Development Tre nds 

T he factors which chiefly determine high frequency per
fonnance are, first, the finite time taken for current carriers 
to diffuse across the base region o f the transistor, and 
secondly, the internal feedback path between output and 
input circuits. 

In order to minimise the distance through which current 
carriers must travel, several involved manufacturing tech
niques have been developed for reducing the width of the 
base region, and there are a number of types in which 
improved high-frequency performance has been obtained 
solely in this way. As an extension of this process, the 
drift transistor has a base region which is not only very 
narrow but has a graded impurity concentration across its 
width. This has the effect of providing an accelerating force 
to the carriers, which then traverse the base region more 
rapidly tban if they were merely diffusing through the 
crystal lattice. 
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Among various interpretations of this technique, the 
alloy-diffused transistor has a graded base region with base 
widths of only a few microns. Another line of development 
has beco to control the area over which diffusion takes place 
in order to reduce the capacitance of a junction. 

Field Effect Transistors 

In this type of device the connections are known as gate, 
source and drain. For normal circuits the source can be 
considered to be the terminal common to the input and 
output is comparable to the emitter of a bipolar transistor. 
The drain is the output terminal equivalent to the collector 
and the control electrode, the gate is similar in operation to 
the base except' that the :FET is a voltage: controlled device 
instead of current controlled[as is the'f case in a bipolar 
transistor. 

DEPLETION LAYER 

N TYPE 
CHANNEL 

--GATE 

,,.,-- ' P TY PE SILICON 

/DRAIN 
CONNECTION 

+~-----1 

Fig. J.18. Construction of n·type channel. 

The general form of a junction FET is shown in Fig. 3.28. 
It consists of a piece of P or N type material, usually silicon, 
to which two ohmic connections arc made for the source and 
drain electrodes and having p-11 or 11-p junctions sited so that 
the depletion layers existing around the junctions can extend 
into the patb between the source and drain connections. 
Fig. 3.29 shows the corresponding drawing symbols. 

When the gate is sufficiently reverse-biased the depletion 
layers will extend into the channel and meet, cutting off the 
source-to-drain current. This is the " pinched-off" state, 
and the gate source voltage Vp at which it occurs is known 
as the " pinch-off" voltage. 

Jf, however, the gate-to-source voltage is reduced to zero, 
the maximwn possible drain current flows, denoted by 1<1ss. 
At this point, the width of the depiction layer in the channel 
has been reduced to zero. Conversely, if the gate-to-source 
voltage is increased beyond V p, no greater drain current than 

DRAIN 

GAT~ ED: 
SOURCE 

P type Channel N type Channel 

Fla. J.29. St2ndard FET symbols. 
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Fir. J,JO. Gate diode 
input characteri1tic. 
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Ids• can flow since the gate source diode conducts, clipping 
off the excess gate-to-source voltage (l' ig. 3.30). The useful 
portion of the junction FET mutual characteristic therefore 
occurs between the limits of zero and V v for the gate-to-source 
voltage. This limitation can be removed by employing one 
of the forms of INSULATED"GATE construction, in 
which a very thin layer of glass is interposed between the 
gate and the channel to form an insulator, as in IGFETs 
and MOSFETs. It is then possible to arrange that no drain 
current Rows until the gate-to-channel is forward biased. 
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These are called ENHANCEMENT-MODE devices: thos.: 
which operate like normal junction FETs in which reverse 
bias may be used to reduce the drain current are called 
DEPLETION-MODE types. Finally, there are DUAL
GATE FETs, which may be operated as tctrodes. These are 
of value for mixing and for the application of gain control 
voltages to an amplifier stage handling large signals. 

The resistance of an /1 or p type channel, even when no 
bias is applied to the gate, is very much higher than the 
equivalent emitter-to-collector resistance of a bipolar 



(a) 

Fig. 3.31. Compa ri1on of FET and bipol;-s r transistor charac:tcriuics . 

transistor when " bottomed ". The channel resistance a t 
" pinch-off " is many times greater than that of a bipolar 
t ransistor at cut off and the leakage current is very much 
lower. 

An 11-lype channel is shown in Fig. 3.28. With a p-type 
channel the supply polarities arc reversed, the drain being 
connected to a potential negative with respect to the source. 

FET Cha ra cter ist ics 

Fig. 3.31 shows a typical family of drain voltage-drain 
current curves. As can be seen there is a great similarity to 
those of the pentode valve. 

With the gate tied to the source, the drain current increases 
with the drain voltage until a maximum value of drain 
current is reached. This occurs at a drain voltage approxi
mately equal to VP· When the gate bias voltage is increased 
the maximum value of drain current is reduced as shown. 

The relationship between the value of drain current (Id) 
and the gate-to-source voltage (Vgs) is square law having a 
mutual characteristic as shown in Fig. 3.32(a). This should 
be compared with the same characteristic of a bipolar 
transistor sbown in F ig. 3.32(1J). 

An important feature of an FET in which it is similar to 
the normal thermionic valve, is that the ratio of a small 
change in gate voltage to the resulting change in drain current 
for a constant dra in voltage is the mutual conductance gm. 
Typical values are of the order of 3mA/V. 

The amplification factor µ. is defined as follows. If the gate 
voltage is increased by a small amount and the drain voltage 
is changed to restore the drain current lo the original value, 
the amplification factor is the ratio of the drain voltage 

Fig. l.ll. Typica l FET amplifier c ircuit. 

SEMICONDUCTORS 
change to the gate voltage change. As with the valve the 
amplification factor is the product of the drain incremental 
resistance and the mutual conductance. 

Bas ic Circuits 

One of the obvious applications of FETs is for high 
impedance input stage amplifiers, either at audio or i.f. 
frequencies, the latter allowing valve type transformers to 
be used. 

The gain of an amplifier such as shown in Fig. 3.33 is 
approximately equal to the product of the mutual conduct
ance and the load (R1). The source resistor (R,) and the 
capacitor (Cs) function in much the same way as the cathode 
resistor and capacitor of a valve amplifier. 

VALVE 

OUTPUT 

B IPOLAR 
TRANSISTOR 

EMITTER 

BASE 

FIELD EFFECT 
TRANSISTOR 

SOURCE DRAIN 

GATE 

Common Gr id Common Bascz Common Gotcz 

INPUT 

OUTPUT 

Common 
Cathod<Z 

Common 
Emitt<Zr 

Common 
Sourc<Z 

INPU T 

Ca thodcz Em i ttcz r Sou r c<Z 
Fo ll o w <Zr Follo w czr Foll o w12 r 

(COMMON ANOOE) {COMMON COLLECTOR) (COMMON CRAIN) 

Fig. 3.34. Equ ivalent confl1uratlons. 

The FET functions as an almost ideal mixer since the 
square law characteristic is superior to that of either the 
bipolar transistor or a valve. This is because the mutual 
characteristic of an FET consists almost entirely of linear 
and square law terms, higher order terms being almost entirely 
absent, in contrast to valves and even more to bipolar 
transistors where h igher order terms greater than the 
second, lead to severe distortion in the mixing process wi th 
consequent generation of spurious signals. 

Fig. 3.34 shows the general relationship between 
valves, bipolar and field effect transistors. 

3.15 





C HAPT ER 4 

H.F. RECEIVERS 

D ECEIVERS for Amateur Radio purposes vary widely in 
ft complexity, from simple two valve designs to sets with 
up to about 20 valves or even more transistors, but whether 
simple or complex, home-constructed or factory-built, are 
unlikely to prove satisfactory unless careful attention has 
been paid to the many problems presented by modern two
way b.f. operation. 

The radio amateur needs a co1111111111ica1io11s receiver which 
will provide maximum intelligibil ity from signals having 
extremely wide variation in strength (incoming signals may 
easily differ in voltage by 10,000 times and occasionally by 
up to about 500,000 times) in restricted frequency bands 
which are often extremely congested. Ideally, each main 
mode of transmission-telegraphy (c.w.), and telephony by 
amplitude modulation (a.m.), single sideband (s.s.b.), 
double sideband (d.s.b.), narrow band frequency modula
tion (o.b.f.m.) or RITY- requircs a receiver having different 
response characteristics. In practice, however, the amateur 
usually wishes to use only a single receiver for all purposes, 
on all amateur bands between J ·8 and 30 Mc/s. All but the 
most specialized designs arc therefore likely to include some 
measure of compromise in order to provide a reasonable 
degree of flexibility. 

The main requirements for a satisfactory receiver for the 
h.f. bands are: 

(a) High sensitivity and signal-10-noise ra1io, to permit the 
reception of weak signals. 

(b) Good selectivily, to permit the selection of the 
required signal from among others-possibly much 
stronger-on closely adjacent frequencies. The 
degree of selectivity should preferably be variable to 
suit the differing requirements of the various modes 
of transmission. 

(c) Maximum freedom from sp11rio11s responses. 
(d) A high order of mechanical and electrical stability. 
(e) Adequate, preferably calibra ted, bruulspread tuning of 

the amateur bands, coupled with the ability to reset 
the receiver accurately and q11ickly to a desired 
frequency. The 11111i11g rate should be sufficiently low 
to facilitate the exact tuning of s.s.b., d.s.b. and c.w. 
signals. 

(f) Internal beat freq11ency oscillator (b.f.o.) for the 
reception of c.w. and suppressed carrier signals. 

(g) Sturdy and reliable construction and components 
providing ease of repair, alignment and general 
maintenance. 

These requirements can be met using either valves or 
semiconductors or a mixture of the two. Later in this 
chapter, the particular problems posed by transistors in high 
performance receivers will be discussed. Since, in the majority 
of cases, amateur station receivers still tend to use valves, 
most of the circuits described employ valves: however, it 

should be appreciated that for almost all applications 
roughly equivalent circuits exist for transistors, although they 
will differ in detail. · 

At the present "state-of-tbe-art" it can be summarized that 
simple receivers using transistors are probably easier and 
more economical to construct than with valves; but that 
for highest performance, transistor designs are likely to 
prove rather more complex, mainly owing to the appreciably 
greater difficulty in achieving a high dynamic ra11ge- that is, 
the ability to cope with both very weak and very strong 
signals-due to the tendency of transistors to overload more 
easily. 

BA SIC TYPES OF RECEIV ERS 

Regenerative Detector (" Straight ") Receivers. The 
simplest practical receiver for amateur communication is a 
regenerative detector followed by one or more stages of a.f. 
amplification (O-V-1 etc.): see Fig. 4.l(a). Because of the 
high gain which can be achieved in a correctly adjusted 
regenerative detector when set to a point just beyond that at 
which oscillalion begins, this type of receiver can be used on 
surprisingly weak c. w. signals. Since the gain is much reduced 
as the regeneration (" reaction " ) control is backed off, it 
will receive only fairly st rong telephony stations. Because of 
regenerative feedback, the effective Q of the single tuned 
circuit and hence its selectivity, is reasonably good for c.w. 
reception, provided that the tuned circuit is not heavily 
dan1ped by the effect of tbe aerial. The selectivity, however, 
is much reduced in the presence of strong signals on adjacent 
frequencies, and even in the most favourable circumstances 
cannot be made as good as in a modern superhet receiver. 
A further disadvantage is that the aerial is directly coupled 
to the oscillatory circuits and so interference may be caused to 
other receivers. This form of receiver was popular in the 
early days of short wave work and even now can provide a 
LL~eful introduction to receiver construction. 

Tuned Radio Frequency (T.R.F.) Receivers. Consider
able improvement can be obtained in a regenerative detector 
receiver by including a stage of tuned radio frequency ampli
fication before the detector stage: Fig. 4.l(b). This provides 
greater gain, improves selectivity (mainly because the de· 
teeter tuned circuit can be less heavily damped), isolates 
the regenerative detector from the aerial and so much reduces 
radiation from the receiver. 

Although the selectivity of a t.r.f. receiver is deficient by 
modern standards and it is now rare to find sucb sets retained 
for normal amateur operation, it has some advantages for 
the home constructor: 

(a) Simplicity of construction with no i. f. alignment or 
oscillator tracking problems. 

(b) Good signal-to-noise ratio on weak c.w. signals. 
(e) Complete freedom from spurious responses. 
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Fie. 4. I. Block diacram of sim ple 
h.f. receivers • uitable primarily 
for Mo ne reception. (a) Rege.ner· 
-ativc detector rollowcd by one 
or moro 1ta1c1 of a.f. 3mpli· 
lk ation. (b) The addition of a 
tuned r.f. amplifier improves 
sclec'tivity and sensitivity and 
~hol reduces radiation fr om the 
receiver. (c) Slmplett practical 
supcrhet receiver. By using triode 
pcntodc nlvc 1 (ECF8l/6U8} all 
staec• can be ~ccommodated in 
a two-valve arran1ement. (d) The 
;iddition of one or more i.f. 
a mplifiers arcatly Increases 1ain 
and permits th e receiver to be: 

(a) 

(c) 

Overall gain when the detector is not oscillating is usually 
insufficient to provide good telephony performance on very 
weak signals. 

Super-regencrafo·c Detector Receivers. The high gain of a 
regenerative detector can be further increased and utilized 
for telephony recep tion by introducing a voltage at a super
sonic frequency in such a way that r.f. oscillation ceases every 
half cycle of this second frequency, known as the quench 
fr~quency. This q uenching voltage can be generated in a 

separate valve or, more commonly, in the regenerative 
detector stage. Although extremely high gain in a single stage 
is possible, this type of receiver has high interstation noise 
and poor selectivity while additional complications are 
necessary to receive c.w. or to avoid the emission of a rough 
signal capable of causing interference over considerable 
distances. Super-regenerative receivers arc still of interest for 
simple portable equipment on 28 Mc/s and above but have 
little application on the lower frequency bands. 

Superhet Receivers. By changitlg the frequency of the 
incoming signal to a lower fixed i11rermediarefreq11e11cy in one 
step (single conversion), two steps (double conversion) or 
three steps (triple conversion), it becomes possible to build a 
high gain amplifier of controlled selectivity. Although the 
mixing process by which the frequency of the incoming signal 
is changed is inherent ly more noisy than amplification at the 
signal frequency, this disadvantage can be overcome by 
including one or more radio frequency amplifiers ahead of the 
first mixer. 

The main practical disadvantages of the supcrhet are its 
susceptibility to various fom1s of spurious response, and the 
relative complexity of construction and alignment. The 
superhet principle is now used in the vast majority of 
amateur communications receivers and this class will receive 
more detailed treatment in th is chapter than other types of 
receiver. The simplest forms of superhet are shown in 
Fig. 4.1 (e) and (d). The block diagram of a typical superhet 
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(d} use d for telephony reception. 

receiver for amateur communication is shown in Fig. 4.2 
with the main amplification in the i.f. stages. The importance 
of achieving high selectivity for Morse reception, permitting 
the rejection of the audio " image" signal, is illustrated in 
Fig. 4.3. 

Selectable Sideband Receivers. As explained in Chapter 1 
(Principles), conventional a.rn. signals radiate sets of side
bands on each side of the carrier frequency, up to plus 01' 

minus the highest transmitted audio frequency. Since the two 

IV ~UT-
PUT 

MAN UAL 
GAIN CONTROL 

Fig. 4.2 .. Block diarram of " typical 
superhet h.f. c·ommunications 
r·ece iver s howinr typical pattern 
of volta1e eain. The intermediate 
frequency (i.f,) i1 us ually of the 
order or eit her470 kc/s or 1600 kc/s. 

sets of sidebands are mirror images of one another, either set 
of sidebands can be completely removed without affecting 
the intelligence of the 1ransmi.ssion, though (sec Chapter J 5-
Noise) there will be a slight reduction o f signal-to-noise 
ratio. ln a crowded band it will be highly advantageous to 
restrict the receiver bandwidth so that the set responds to the 
carrier and only one set of sidebands and then to tune to 
whichever is the less affected by interference. Since the inter
fering stations may change at any moment, it will be clearly 
beneficial to arrange the set so that it can immediately be 
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Fig. 4.3. How a really selective receiver provides singlc·signal rccep· 
tion of Morse sicn:a.ls. The broad select ivity of tho response curve on 
the left is unab le to provide substantial rejection at the audio image: 
freq uency whereas with ~he more selecti ve curve on the riaht, the 
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Fie .:4.4A. A local osci llator frequency hi eh er than the •ienal frequency 
(i.e. f + i.f.) keep• the upper a nd lowe r • ideband• of the intermediate 
frequencY. 1i1na.l1 in their oricinal po1itions. H owever, wh&rt the 
local oscillator is placed below the 1i1 m1I frequency (f -i.f.) the i.f. 
aicnal1 tran1po10 tho po1ition1_of tho 1ideband1. By inc·orporating 
two oscil la ton, ono :ibovo, the other below the input 1irnal., sideband 

1efection i1 fac:Uitated. 

switched from o ne to the other set of sidebands without 
having to adjust the tuning knob. There are various arrange
ments which perm.it this to be done, usually by providing two 
frequency conversion oscillators, one placed on each side of 
the signal frequency_(Fig. 4.4A). 

In order to receive without distortion one sideband and 
carrier of a double sideband a.m. signal the receiver bandpass 
must conform to certain requirements. For example, if a 
receiver with a sharply peaked bandpass is tuned to receive 
one sideband, the selectivity may be sufficient to reject the 
other sideband but when so tuned the carrier will almost 
certainly be placed well down the slope of the response 
curve. In these circttmstances the sideband received will be 
too strong for the carrier; this re.~ulls in distortion, as though 
the original signal was greatly overmodulated. If, however, 
the receiver bandpass approaches that of the ideal flat top 
shape (say, 2·5 to 3 kc/s wide) with steep sides, the receiver 
may be tuned so that the carrier is located at the edge of the 
bandpass or not more than about 5db below maximum 
response. The carrier and one set of sidebands can then be 
received without unduly restricting the a.f. response. Since 
flat-top response curves arc difficult to achieve without the 
aid of effective bandpass crystal or mechanical filters, this 
form of reception is not always practicable without a fairly 
complex receiver, though reasonably effective results can 
often be achieved on receivers having a final i.f. of the order 
of 85 kc/s. 

With an extremely carefully controlled bandpass charac
teristic it is possible to carry this process a stage further: the 
receiver can be set to receive either set of sidebands while 
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Fig. 4.48. (a) Re1pon10 curve which results in the carrier being 
received at r edu ced level compared with the sidebands. (b) Selectiv· 
ity characteristic• more 1uitable for carrier pl us one set of sidebands. 
Thit permlu reception thou1h it reiulta in quadrature distortion. 

(c) Reception of an a.m. tran1mi11i on u 1.• .b. 

H.F. RECEIVERS 

suppressing both the other set of sidebands and the carrier, 
thus in effect converting an a.m. signal into an s.s.b. one (Fig. 
4.4B). It is then necessary to re-insert a carrier as for s.s.b. 
reception. A great advantage of this form of reception is that 
it provides for a.m. signals the relative freedom from phase 
distortion enjoyed by s.~.b. signals. It is facilitated by the 
use of an asymmetrical bandpass filter with the sharper cut
off localed on the carrier side. 

Transceivers. In recent years many combined transmitter
receivers, mostly intended primarily for s.s.b. operation, 
have appeared on the amateur market. When, as is usually 
the case, some of the circuits function during both trans
mission and reception, such equipments are termed 
transceivers. 

Since some of the most expensive parts of an s.s.b. 
transmitter, including the high selectivity sideband filter 
and the high stability oscillator, are equally necessary for 
high performance receivers, there are clearly both space and 
economic advantages in an integrated unit. Transceivers 
have become fairly popular, despite the significant initial 
cost. The home-construction of multi band transceivers has 
been successfully achieved by many amateurs, but does 
represent a complex and advanced project. 

The receiver circuits used in transceivers do not dilfor 
materially from those of separate receivers, although there is 
a tendency to use h.f. crystal filters for i.f. selectivity, rather 
than those at say 455 kc/s in order to reduce the number of 
stages necessary in the transmitter. However, 455 kc/s 
mechanical filters (sec page 4. 17) are often used. Some trans
ceivers are designed so that it is possible to tune the receiver 
a few kilocycles away from the transmitter frequency 
without affecting the transmitter tuning; in other cases the 
receiver and transmit ter can only be tuned together. 

A related technique, found in some separate receivers, is 
to provide an outlet from the high stability tunable oscillator 
to provide a v.f.o. for an s.s.b. transmitter; tbfa is often 
arranged to tune 5 lo 5·5 Mc/s. 

Although most transceivers incorporate a 3 kc/s band
width sideband filter for s.s.b. and some facilities for c.w. 
(and often for a.m. as well), it should be noted that few have 
a narrow band filter, of say 300 c/s bandwidth, desirable in 
any receiver required for frequent c.w. operation. 

Synchronous Receivers 

Forms of synchronous or coherent demodulation have 
recently become of particular interest to communications 
engineers, and would seem to have useful applications in 
amateur radio. A coherent system implies the incorpora
tion in the receiver of an oscillator which can be locked in 
frequency and phase to the incoming signal (this technique is 
used in domestic colour television receivers and in stereo 
multiplex decoders). While true communications phase
locked receivers have been developed for certain forms of 
professional communications they are usually regarded as too 
complex for normal amateur application. There are, however, 
relatively simple forms of homodyne or sy11chrodyne receivers 
which have been known for many years but which appear to 
offer scope for further development for amateur applications. 
This technique is sometimes called 'direct conversion'. 

For example, an effective s.s.b/c.w. homodyne receiver 
may comprise basically an r.f. amplifier, feeding directly a 
balanced mixer or product detector with tunable carrier 
insertion oscillator at the signal frequency, followed directly 
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by lhe audio stages and without any form of i.f. amplifier. 
Provided that the balanced mixer is truly linear, then the 
effect ive selectivity of the receiver may be determined 
entirely in the a.f. circuits thus eliminating the need for 
relatively expensive crystal or mechanical filters of con
vent ional supcrhet receivers. 

Such a basic configuration can be extended to cover a.m. 
and d.s.b. reception (wi th substantial theoretical advantages 
over the use of envelope detection) provided that the local 
oscil lator can be locked in frequency and phase to the 
incoming signal. One relatively simple way in which this has 
been shown to be possible in the past is the synchrodyne 
receiver, in which an incoming a.m. carrier causes the oscil
lator to be locked on to it. 

Such receivers can be considered either as a " superhet " 
with an i.f. of 0 kc/s or alternatively as straight receivers with 
balanced linear heterodyne detectors. While a few experi
mental designs luivc appeared using these techniques, there 
would appear to be scope for much further work on these 
lines. 

An interesting possibility is that of developing simple c.w. 
transceivers since the local oscillator on the signal frequency 
could be used directly as the transmitter v.f.o. without 
heterodyning. 

PERFORMANCE REQUIREMENTS 

Before typical circui try can be discussed, it is necessary to 
consider certain of the basic performance requirements in 
90mc detail. 

Sensitivity 

Weak signals need to be amplified much more t.han strong 
ones in order 10 provide a satisfactory output level to head
phones or loudspeaker. There are, however, definite limits 
to tbis process, and simply adding more amplifying stages 
will not provide a solution, the limitation being the noise 
generated both externally and within the receiver (principally 
in the early stages), which may mask any very weak signals 
present. This noise, which is described in detail in Chapter 
15 (Noise), arises partly from sources within the early stages 
of the receiver (and is lhus to a certain extent under the con
trol of the designer) and parl ly from external sources. The 
weakest signal which can be salisfactorily used for com
munication purposes is therefore not governed ultimately by 
how much overall amplifica tion is available from a receiver 
but by how weak <1 signal can be heard above the general 
noise level. This charnctcristic of an h.f. receiver is normally 
defined by stating lhe minimum signal voltage at the aerial 
terminals required to produce a specified output with a 
certain ratio or signal above the noise level at a specified 
setting of the seleclivily control: this is known as the sig11al
to-11oise ratio (or more strictly as the sig11a/-p/11s-11oise-to-noise 
ratio). 

To give an idea o f practical performance, a receiver with a 
!Odb signal-lo-noise ratio (at normal selectivity) with an 
input of I to 31tV is in the high quality class while a receiver 
which will provide this ratio for a 5 µV signal will not miss 
many worthwhile signals. In most locations, the weakest 
c.w. signal readable on a high class receiver will be about 
0·5 µV. 

A receiver's sensitivi ty performance could thus be quoted 
in the following manner: 

(a) telegraphy: I µ V e. w. signal across the input sockets to 
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10 kc/s 

(a) 

6 
kc/I 

(b) 

3 
'u:I• 

(c) 

Lus than 
O·Skc/s 

(d) 

Fig. 4.S. The ideal ch~r~cteri1tict of the over~l1 bandpass of a receiver 
are determined by tho typo of 1icnal1 to be received. (a) T his would 
be suitable for norm;a l broadcast reception (a.f. response to 5 kc/s}; 
(b) suitable for a.m. communications (a .f. to 3 kc/•) ; (c) the bandpass 
can be halved for 1in1le sideband reception without affecting the 
a.f. re•ponse (still 3 kc/s); {d) extremely narrow cha nnel s {about 100 
c/s) are occupied by manually keyed Morse signals. but some allow· 
a.nee must be made for receiver ;ind transmitter instability-by 
adjustment of the b.(.o. a ny desired a .f. beat note c:an be produced. 

give better than 20db signal-to-noise ratio with a 
passband or I · 5 kc/s; or 

(b) telepho11y: I µ V signal modulated 30 per cent to give 
better than IOdb signal-lo-noise ratio with a passband 
of 6 kc/s. 

For accurate assessment or a receiver's performance, all 
the factors quoted above must be specified since variation of 
any one will affect the others. The sensitivity of a receiver is 
increased by reducing the bandwidth to the limits imposed 
by the type of transmission; the effect on receiver noise of 
reducing the i.f. bandwidth is discussed in detail in Chapter 
15 to which the reader should refer. Since individual opera
tors possess to differing degrees the ability to copy a weak 
signal well down in the noise, it would not mean that the 
quoted signals would be the weakest that it would be possible 
to copy, but nevertheless form a very useful guide when 
comparing receiver specifications. 

Unfortunately few amateurs have avadable lhe test 
apparatus needed to check manufacturers' figures. A simple 
but quite effective (and severe) test of sensitivity which can 
be applied to most well screened receivers is to remove the 
aerial and replace it by a resistor equal to the receiver's input 
impedance: if the receiver noise then peaks up when the first 
r.f. circuit is tuned lhrough resonance (often possible by 
means of a panel-mounled aerial trimmer) on the highest 
frequency bands it is reasonably certain that the receiver 
possesses high scnsistivity. 

The sensitivity of a receiver is often defined, independ· 
enlly of the i.f. bandwidth, in terms of noise factor, 
usually quoted in decibels (db)- see Chapter 15 (Noise). 
Usable sensitivity on the h.f. band is limited to roughly 
6-7db at the higher frequencies, and lesser sensitivity 
(higher noise factor) at lower frequencies. An h.f. receiver 
with a noise factor of IOdb or less is likely to prove fully 
acceptable for amateur oper:ttion. Older models often have 
a noise figure of I 2- l 6clb or above due to the use of" noisy" 
valves in the first stages. Because of the very much lower 
external noise, far greater sensit ivity can be used on v.h.f. 

Selectivity 

The ability of a receiver to separate stations on closely ad· 
jacent frequencies is determined by its selectivity. Chapter 1 
(Principles) explains why it is generally necessary to use a 
superhel receiver with a low intermediate frequency to ob· 
tain a very high degree of selectivity-though today i.f. 
crystal filters are available up to about 10·7 Mc/s with ex
cellent selectivity, they arc not however cheap to buy. 

T he ultimate limits to practical selectivity are governed by 



the bwulwic/1/i of the type of transmission which is to be 
received. For high ridclity broadcast reception the response 
of a receiver needs to extend to some 15 kc/son either side 
of the carrier frequency, equivalent to a bandwidth of 30 
kc/s; for average broadcast reception this figure can be 
reduced to about 10 kc/s. For communications-quality 
telephony in the amateur bands 6 kc/s for the reception of 
both sidebands or 3 kc/s for the reception of one sideband 
will suffice ; for telegraphy at manual keying speeds the total 
bandwidth could be reduced to less than JOO c/s, al though to 
accommodate transmitter and/or receiver instability a 
300 c/s bandwidth is generally regarded as more practical. 
These ideal receiver characterist ics arc indicated in Fig. 4.5. 

To compare the selectivity of different receivers or the 
same receiver in cliCferent posi tions of its selectivity control, 
curves of the type shown in Fig. 4.6 can be used. There are 
two ways in which these curves must be considered. The first 
is the nose figure which represents the bandwidth in kilocycles 
over which a signal will be heard with relatively little loss of 
strength; the other Jigurc- regardcd by most amateurs as 
the more important- is the bandwidth over which a really 
powerful signal is st.ill audible (often taken as a reduction 
of 1000 times on the strength of the signal when correctly 
tuned in) and this is uften termed the skirt performance. 
These two sets of fi gures arc related by what is termed the 
shape faclor of the receiver, found by dividing the bandwidth 
at the skirt by that at the nose. 

The ideal receiver would have a shape factor of one on 
each position of selectivity; such a receiver would in practice 
be impossible to design at the present state of the art. Even 
the very best modern receiver is unlikely to achieve a shape 
factor much less than I· 5, and most good receivers range 
from about 2·5 to 5·5. A receiver which has a skirt band
width at - 60db, of less than JO kc/s can be considered to 
have quite good selectivity characteristics. 

Spurious Responses 

One of the major defects of simple superhet receivers is 
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that the same station can usually be received at more than 
one position of the tuning dial, or a lternatively that the 
various oscillators within the set provide signals which can 
be tuned in at various points on the dial as though they were 
external carriers. Jn practice, this means that strong com
mercial stations are often heard as though they were operat
ing within the amateur bands, while searching for weak 
stations is made more difficult by tuning tbrough the carriers 
generated within the receiver, often referred to as birdies. 

The most important causes of spurious responses are: 

(a) The reception of signals on the image frequency of the 
receiver. 

(b) The reception of harmonics of the various oscillators 
in a rece iver. 

These are considered in more detail later in the chapter. 
All superhet receivers suffer from image response (see 

Chapter l) which becomes progressively more important as 
the signal frequency increases. In practice the effect may be 
reduced to a very low figure by raising the intermediate 
frequency. In general terms, the image response of a given 
receiver compared with its response on its correct frequency 
needs to be reduced by at least 32 times (JOdb) at the highest 
frequency to which the set l11ncs (usually about 30 Mc/s). A 
full specification should give the receiver's response to image 
signals at various frequencies, the response at the highest fre
quency to which the set tunes is usually the most important. 

In a single conversion superhct, birdies can be caused by 
harmonics of the beat frequency oscillator, but in practice 
this seldom happens. On the other hand, with double- and 
triple-conversion receivers (and with single-conversion 
receivers operated in conjunction with a converter making, 
in effect, double conversion), the elimination, or at least 
reduction of birdies becomes a major design problem. It is 
seldom possible in a wide coverage multi-conversion receiver 
to avoid birdies altogether and the problem then resolves 
itself to ensuring that they do noi fa ll in frequently used 
portions of the amateur bands. The ideal specifications 
would be in the form " internally generated spurious 
responses arc below the noise level in a ll cases." 

Spurious responses :ire discussed in more detail on page 
4.38. 

Stab ility 

The ability of a receiver to remain tuned to a particular 
frequency depends upon both electrical and mechanical 
stability of the tuned circuits, more especially those in the 
local oscillator(s). The primary cause of electrical instability 
in an oscillator (sec Chapter 6) is the effect of heat on the 
tuned circuit and valve elec trodes. Even in the best designs, 
there will usually be a steady variation appearing as drift in 
the first 10-15 minutes after swi tching on a cold set. but 
it should then settle down with little further change. 

After undergoing a number of beat cycles, some com
ponents do not return precisely to their original values. This 
makes it very difficult to maintain accurate calibration of a 
bandsprcad dial over a long period. Many receivers therefore 
include a crystal controlled oscillator of high stability to 
provide 100 kc/s or IOOO kc/s marker signals on which the 
calibration can be regularly checked and adjusted. A cali
bration marker of this type is also extremely useful where the 
set has both a coarse (bandset) tuning knob and a fine 
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(bandspread) tuning knob as it enables the main dial to be 
re-set accurately when changing bands. 

MechanicaJ instability, which usually appears as a definite 
shift in frequency when the receiver is subjected to any form 
of mechanical shock or vibration, cannot easily be defined 
in the form of a performance specification. Sturdy constrnc
tion, a heavy chassis and suitable mounting of components 
arc required to reduce this form o f instability. Receiver drift 
can be specified in terms of maximum drift in cycles per 
second over given periods of time, usually quoting a separate 
figure to cover the warming up period. For good s.s.b. 
ret:cption short term stabilities of the order of a few cycles 
are desirable. 

Tuning Rate 

To tune accurately and rapidly to a suppressed carrier type 
of transmission (sec Chapter 10), it is desirable to be able to 
set the receiver to within about 25 c/s or so of the station's 
frequency. Such accuracy of tuning, which is also most 
beneficial for c.w. recept ion, is unlikely to be achieved unless 
each complete revolution of the tuning knob represents only 
a moderate shift in the frequency of the receiver. A typical 
figure for a modern high grade receiver would be 5 kcis or so 
per revolution, but equally important would be a tuning 
mechanism with a smooth action, free from backlash. The 
trend to very low tuning rates is a feature of the most modem 
designs. The use of step down gears to reduce the tuning 
rate of the control knob is termed 111eclta11ical baudspreading. 
The same effect can be achieved electrically by placing across 
the main tuning capacitors (which may vary in capacitance 
swing from J 50 to about 500 pF) much smaller value variable 
capacitors of the order of 20 pF swing: see Fig. 4.7. Band
spreading is also possible by the use of voltage variable 
capacitance diodes. Permeability tlming makes possible 
very good bandsprcading. ln practice a combination of 
mechanical and electrical ba11dspreading is often used, while 
there is an increasing tendenc> to restrict the frequency 
coverage of receivers to the amateur bands only. Except for 
receivers having a tunable i.f. the tuning rate \\ill usually 
vary on each waveband, and sometimes also within each 
band, although this problem can be overcome by the use of 
rather complex frequency synthesis or interpolation oscillator 
techniques. 

Cross-modulation and Blocking 

After a receiver has been made highly selective, preferably 
down to the -60clb level , there may remain the problem of 

,( ~ 
20 pF 

COARSE FINE 
TUNE TUNE 

(BAND·SET)(BAND·SPREAD) 

(o) 

FINE COARSE 
TUNE TUNE 

(b) 

Fig. 4.7. Two com!'"on methods of providine b;1ndtpr~aci tuning. (a) 
Small v:ilue capacitor connected in parallel across the main tt.1ning 
capaci~or. (b) :rapped c~il permits difforont decrees o( band-
1preadmg to suit the various amate ur bands, but ~an result in 

unwanted re1onance1. 
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coping wi th extremely strong local or distant signals. Even 
when such a station is transmi11ing on a frequency well out
side the i.f. pass band of the receiver, it may affect reception 
by cross 111odulatio11 or blocking. 

When a very strong signal reaches the input of a receiver 
whose gain control is set for the reception of weak signals, 
the relatively poor selectivity of the early signal frequency 
and intermediate frequency circuits (prior to selective filters) 
will not be sufficient to prevent the strong signal from being 
amplified, so that one of the stages may be driven into non
linearity. This resuJts in Lhe required weak signal being either 
reduced in Slrength (blocking) or becoming modulated by the 
strong signaJ (cross modula tion). 

Clearly, the more amplifying stages there are in a receiver 
before the circuits which determine its selectivity charac
teristics, the greater are the chances that one of them will be 
overloaded. From th is it follows that in a double (or triple) 
conversion receiver- where there will be at least one r.f. 
amplifier and two mixer stages before the selective circuits
particular care is necessary to avoid overloading. 

It is di fficu lt for the amateur to assess in terms of actual 
figures the perfo rmance of receivers in this respect. Un
doubtedly in many sets a really powerful signal can affect 
reception over a considerable portion o f a band. Even on a 
high grade receiver costing several hundred pounds, it has 
been shown that cross-modulation effects can occur 50 kc/s 
away from an S9 + 60db signal and 15-20 kc/s away from 
an S9 + 40db one. At the lower levels, the stage most 
likely to produce these effects is the second mixer, but for 
really s1rong signals (S9 + 50db or more) the first mixer caa 
be the prime source of this interference. Many double-
conversioD receivers will have a cross-modulation perfor
mance much inferior to the example quoted. 

The susceptibility of a particular design to this form of 
interference depends on a number of factors: notably the 
pattern of gain distribution chrough the receiver and bow 
this is modified by the action of a.g.c. or the manual gain 
control (some sets have a dual track potentiometer to provide 
differing gain tapers on r.f. and i.f. valves), as well as the types 
of valve used. One method of reducing the amount of r.f. 
gain needed to override the noise of the first mixer is to use a 
triode mixer. calling for a fairly high first i.f., and requiring a 
greater proportion of the receiver gain to be provided by the 
i.f. stages. Another technique is the use o f beam deflection 
valves (e.g. 7360) as low-noise mixers. The fitting of an 
adjustable attenuator between the aerial and the first stage 
is also a useful measure. 

FRONT-END CIRCUITS 
R.F. Amplifier 

In a superhet receiver, amplification at the signal frequency 
is highly desirable in order to overcome the noise contributed 
by the mixer. Also important is the protection provided by 
the additional tuned circuit against second channel (image) 
and certaio other forms of spurious response. Excessive r.f. 
amplification, however, increases the likelihood of the 
receiver suffering from blocking or cross modulation. 

It is possible, with low-noise mixers, to achieve maximum 
usable sensi tivity without an r.f. srnge, but it should not be 
forgotten that the maximum pre-mixer selectivity is a valuable 
aid in reducing spuriotL5 responses, and such selectivity is most 
easi ly achieved with one or more r.f. s tages. Gain, however, 
should be limited to that necessary to override mixer noise. 
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Fia. 4.6. Typical tuned r.f. amplifier. 

The design of the r.f. amplifier stage(s) is governed by the 
type of mixer and the intermediate frequency of the receiver. 
With a conventional hexode or heptode mixer, the gain 
required from the r.f. amplifier will be of the order of 20db at 
the highest frequency (say 30 Mc/s) to ensure that the opti
mum signal-to-noise ratio is achieved. This can be obtained 
from a single good pcntode amplifier. If the receiver uses a 
triode mixer, which has a much lower noise contribution, the 
gain of the r.f. amplifier becomes less important, but the 
stage is still useful in reducing spurious responses. 

For a single-conversion superhet having an i.f. of the order 
of 470 kc/s (or for a double-conversion model in which the 
higher i.f. is of this order), two tuned r.f. amplifiers are 
needed to reduce image response to negligible proportions on 
frequencies above about 10 Mc/s, though as noted already, 
one stage is sufficient to secure optimum signal-to-noise 
ratio. If the intermediate frequency is increased to about 
I ·5 Mc/s, then a single r.f. stage should be able to provide 
good image rejection up to 30 Mc/s. 

In practice, the r.f. amplifier usually consists of one or 
more high gain r.f. peotodes (valve types such as EF93/ 6BA6, 
EF85/6BY7, EF183/6EH7, EF95/6AK5, 6BZ6, 6SG7, 
6CB6, EF91/6AJv16 and 6DC6 are suitable) with a tuned 
input circuit between grid and cathode and with the valve 
operating into au inductive load which may be either the 
primary winding of an interstage r.f. transformer or a tuned 
circuit. A typical circuit is shown i'l Fig. 4.8. However, this 
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Fig. 4.9. Ba.sic 1e.riu--ca.scode r.f. amp1ifier. Althouch formerly used 
mainly for v.h..f. receivers, thil a.rra.naement ia now found in h.f. 

receivers.. 
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is not the only possible arrangement: of increasing popularity 
is the series-cascode circuit, while the grounded-grid amplifier 
is suitable for use with a triode mixer or other applications 
where high gain is not required. 

In the matter of optimwn signal-to-noise ratio and overal 
stage gain, there is little to choose-for frequencies below 
30 Mc/s-between a correctly designed r.f. peotodc and the 
double-triode cascode. However, the cascode is sometimes 
less susceptible to cross-modulation and some constructors 
consider it less critical in adjustment and operation. A 
typical series-cascode circuit is shown in Fig. 4.9. Suitable 
valves include the ECCJ89/6ES8, ECC84/6CW7 and 6BQ7. 

The correct matching of the aerial to the valve input im
pedance is of great importance in securing optimum sigoal
to-noisc ratio: the voltage gain obtained from the step-up 
ratio of the input circuit is not degraded by valve noise. 
General coverage receivers arc often designed with a medium 
impedance input (300-600 ohms) with loose aerial coupling 
to the grid circuit, the aerial coil having a fai r number of 
turns. For amateur-bands-only receivers it is usual to reduce 
the input impedance to 75 ohms, with the few turns of the 
aerial input coil overwound on the earthy end of the grid coil 
to provide very tight coupling. This system is to be recom
mended as it enables the maximum voltage step-up to be 
obtained. With tight coupling it is advisable to include a 
panel controlled aerial trimmer across the tuned grid circuit. 
When low impedance input circuits are to be used in con
junction with end-fed and similar aerials having a range of 
impedances, it is highly desirable to fit an external aerial 
matching unit: often that used for the transmitter can be 
employed by means of a coaxial change-over relay. 

The first tuned circuit in a receiver is of especial importance 
in determining the sensitivity of the receiver and it should be 
noted that the a lignment of this circuit to that of the mixer 
presents particular problems owing to the effects produced 
when coupling different types of aerial to the receiver. If the 
aerial is reactive its connection will usually cause detuning of 
the input circuit. A satisfactory method of overcoming this 
di fficul ty is to fit a panel control aerial trimmer to allow the 
circuit to be readily brought into accurate adjustment by the 
user when changing bands or aerials. If a receiver is designed 
solely for use with a non-reactive feeder of known impedance, 
this control would be wmeccssary. 

A short-base r.f. pcntode will usually have a lower noise 
contribution than a variable-mu pentode, but in practice this 
is likely to be noticeable only above 21 Mc/s; a variable-mu 
type is often used for convenience of a.g.c. action, and the 
reduction of cross modulation. Of the present range of pen
tode valves, the 6CB6 and EF91 (6AM6) provide low noise 
but may prove susceptible to cross-modulation effects; the 
EF85/6BY7 or the American 6DC6 is better in this respect. 
Where a high slope, short-base r.f. pent ode is used in an a.g.c.
controlled stage, the screen feed resistor should be of fairly 
high value (33 K to 47 K ohms) to lengthen tbe grid base, and 
so continue to give linear though reduced amplification as the 
negative bias is increased. 

Controlled regenerative feedback in an r.f. amplifier can be 
of material assistance in increasing stage gain and in giving 
greater protection against image response. As explained in 
Q1apter 15, this will be at some cost in signal-to-noise ratio. 
Thus allbough regeneration is sometimes useful for smaller 
receivers, it is to be avoided in high-perforn1~nce designs. 
Optimum signal-to-noise ratios cannot be obtarned from an 
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Fie. 4.1 0. Low noiu r.f. amplifi er-mixer us inc an ECC85/6A Q8 double 
t .riode v~ lve. The first triode sectio n functions a s a arounded crid 
amplifier w ith untuned input; the second t r iod e it the mixer 
inductively coupled to th e h.f. os cillator. N ote IM and 560 0 

resistors should be transposed. 

r.f. amplifier unless all forms of positive feedback due to 
stray capacitaoces, inefficient screen decoupling and the 
effect of common cathode lead inductance are reduced to 
tbe lowest possible figure. Coupling between input and out
put circuits must be kept extremely low; one form of coupling 
which is sometimes overlooked is that due to the common 
rotor spindle of a ganged tuning capacitor being slightly 
above earth potential. Some r.f. valves have two cathode 
pins (one for input connections, the other for output 
connections) to overcome the inductive coupling of a 
common cathode lead. 

Where a low noise mixer is lL~ed, the r.f. gain can be 
appreciably reduced without loss of signal-to-noise ratio and 
with benefit to cross-modulation charnctcristics ; with a 
triode mixer a single grounded-grid triode r.f. amplifier may 
suffice, particularly on l 4 Mc/sand above. When fed from a 
low-impedance aerial transmission line, the valve input 

TABLE 4.1 
I 

Equiva..lcnt Nois e Re5ist:ances (o.n.r.) of T ypical Valves 

6AC7 . . . • • . 
6AC7 (lriodo connected) 
6AGS 
6AKS • • • . . . 
6AKS (t r iode connected) 
68A6 
68Q7A 
6BZ6 
6C86 
6F23 
6FH 
6J6 
6K7 
6SG7 
6SH7 
6SJ7 
6SK7 . . . . •. 
6U8/EFC82 (pcnlodc) .. 
6U8/ECF82 (triode) 
12AT7/ ECC81 •• 
12AU7/ECC82 .. 
12AX7/ECC93 
ECC84/6CW7 .. 
ECC8S/6AQ8 .• 

• Calculated. 

R. F. Ampl ifier• 

720 
220 

1900 
1880 
385 

3520 
390 

H60 
1HO 
670 
370 
~70 

16400 
3300 
2850 
5840 

10500 
2280 
295 
380 

1140 
1560 
' ·420 
500 

EF42 
EFSO 
EFS4 
EF85/68Y7 
EF91/6AM6 
EF183/6EH7 
EF184/6EJ7 

6AKS 
6BA6 
6BA7 
6BE6 
6J6 .. 
6K8/ECH3S 
6L7 
6SA7 •. 

Mixers 

6SB7Y . . • • . . 
6U8/ECF82 (pentode) •• 
6UB/ECF82 (triode) 
12AT7/ECC81 •• 
12AU7/ECC82 .. 
ECF86/6HG8 .• 
ECH81 /6AJ8 •• 

750 
HOO 

700 
1500 
1200 

490 
300 

7520 
140!10 
60000 

190000 
1880 

290000 
255000 
240000 

62000 
• 9300 
2000 
2'400 
7280 

•2100 
66000 

Tho above values ;arc norm:t.lly optimum rn;lnufacturcrs· figures and the 
e.n.r. will rise shafply when ch c mucuil cooducu.ncc is lowered by 
increasing the bias o r due to valve ageing. 

4.8 

0·1 ~ 
33K 

HT+ 

HF 
OSCILLATOR ... - -vv.,,.._ ..... __ , ,. 
IOpF 

Fis. 4.11. A lthou1h heptode frequency changer nlves such as the 
68E6/ EK90 ca n be use d as a combined mixe r-oscillator. their u1e as a 
mixer with a separate h.f. oscillator is preferred for high perform-

ance receivers. 

circuit need not be tuned. An arrangement of this type is 
shown in Fig. 4.10. 

Mixer 

In Chapter 1 it bas been shown that any non-linear circuit 
element will act as a mixer, that is to say if frequencies/,,/, 
are combined in the element, frequencies fi. f,, f, + !1 and 
/ 1 - f •will be present in the output. Thus almost any valve, 
crystal diode or transistor can function as a frequency con
verter. In h.f. receiver practice, however, the multi-grid 
valves, specially designed for the purpose (EK90/6BE6, 
ECF82/6U8, ECH81/6AJ8 or the older and much noisier 
6SA 7 and 6K8), are generally used because of the appreciable 
conversion gain which they provide and their relative free
dom from interaction between the signal tuned circuits and 
the oscillator section. Occasionally the trfode mixer is used 
because of its low noise contribution, but tends to be a little 
more critical in operation and provides much lower output; 
it is subject to oscillator "pulling" unless the intemiediate 
frequency is high, but can be usefully employed in double 
conversion receivers with a high first i.f. as a means of 
reducing cross-modulation effects. 

It is sometimes difficult with conventional mixer circuits to 

Fi1 . ... 12. One multiple valve that can be effective ly used as a com· 
bined mixer-oscillator is the ECF8l/6U8 triode-pen tode in which two 

1ection1 are 
1
i1ola.ted by means of internal 1creenin1. 
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Fig. 4.13. A Colpitts oscillator for the ECF82/6U8 frequency chan1er. 
This requires only a two.terminal coil and is most suitable for 1..11e 
with independent oscillator tun inc, as trackin1 problem s do not then 

arise. 

maintain constant conversion gain over the full tuning range 
of a receiver. This is partly because of the varying effect 
of inter-electrode and stray wiring capaci tance and partly 
because of the difficulty of providing a constant oscillator 
injection voltage as the frequency is varied. A higher and 
more constant oscillator voltage can generally be obtained 
by using a separate valve for the oscillator in place of the 
oscillator section of the normal frequency changer valve. An 
exception is the ECF82/6U8 triode pentode which can 
provide efficient conversion in a single valve envelope, 
particularly at the higher frequencies. A suitable pentode 
mixer for use with a separate oscillator is the EF94/6AU6. 

HT+ 

4700 

0•01 
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HF OSCILLATOR 
Fig. 4.14. A double triode valve used as a low noiso mi><er with the 
second section functioning as a cathode follower to provide isolation 

between the mixer and h.f. oscillator. 

To improve oscillator stability both in combined mixer/ 
oscillator valves and where a separate oscillator valve is 
used, the d.c. potentials applied to the grid and screen grid 
of the mixer should remain reasonably constant. It is inad
visable in a high performance receiver to apply a.g.c. to the 
mixer stage. Also for this reason, and because the screen 
voltage or a mixer is fairly critical for optimum conversion, 
the screen supply for the mixer should be derived either from 
a relatively low impedance source such as a potential divider 
network not containing high value resistors or from a regu
lated supply with no high value series feed resistors. 

The cathode, screen and anode by-pass capacitors of the 
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mixer have all to be effective at signal, osciUator and inter
mediate frequencies: a ceramic type of 0·011-'F capacitance 
will usually prove suitable. Typical mixer circuits are shown 
in Figs. 4.10-4.14. 

A rather different twin-triode mixer arrangement that has 
been used in several recent designs is shown in Fig. 4.15. 
The first triode section forms a cathode follower, feeding the 
signal Into the cathode of the mixer section, with the oscillator 
signal fed to the grid. The mutual conductance of the 
eathodc-follower section must be higher than that or the 
mixer section; this can be achieved with identical twin 
triodes by reducing the voltage on the anode of the mixer 
section by feeding it through a resistor of the order or 33 K 
ohms or by a potentiometer network as shown. 

Fie. ~. 15. Twin triode mixer in which the mutu~l conductanc,e of the 
second section it reduced by a low h.t.. supply. A rel::Ltively low 
injection volta1e (1·1 volts) is required. The common c.athode 

resi1tor may be optimized between 100 and 1000 ohms. 

To assist in the reduction of cross-modulation and some 
forms of spurious response, the use of a balanced form of 
mixer has much in its favour. This may consist of twin 
triodes (e.g. B329, .12AU7, ECC82), two transistors, two or 
preferably four diodes (for example in the ring modulator 
circuit of Fig. 4.16), or a single beam-deflection valve 
(7360). All these techniques can be found in recent receivers 
for amateur or commercial communications. The low-noise 
balanced beam-deOection mixer (equivalent noise resistance 
(e.n.r.) about 1500 ohms) is shown in Fig. 4.17 (a); an 
unbalanced version has also been used. 

The H.F. Oscillator 
The frequency to which a superhet receiver responds is 

governed not by the signal frequency circuits hut by the 

RF INPUT 
Z=son 

IF OUTPUT 
z- son 

Fie. ~.16. Balanced rlnc modulator usin1 four crystal diodes. This 
type of mixer 11 leu 1u•ceptible to cross .. modulation and to various 
form• of 1puriou1 re1pon1e1. The particular circuit shown is a 
wideband v .h.f. tint miKer but it can be adapted to h.f. operation. 
Provided an r .f. 1tace with a aaln of about lOdb precede• it, thi1 form 
of mixer can be u1ed •n hiah performance receivers. Hot carrier 
diodes (Schottky diodes) can give high performance even without 

r.f. amplification. 
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(b) 
Fig. 4.17(a) Unbalanced version of tho 7360 boam deflection mixer. (b) A balanced form of t he 7360 bum deflection m ixer deslrned for very 
low cross modulation characteristics. Oscill'a.tor voltage ;at the deflection plate.s is 1 .. 10 volts r.m.s. T1 and T2 and tho rencr~ I layout should 

be arraneed to mai ntain balance. 

setting of the local oscillator. Any frequency variations of the 
oscillator arc reflected in apparent variation o f the received 
signal. The overall stabil ity of a single-conversion receiver 
is determined largely by the design of the h.f. (local) oscil
lator: that of a double-conversion set by that of both local 
oscillators, but as oscillator stability is more difficult to 
obtain with increasing frequency, the first local oscillator 
(which normally functions on a higher frequency than the 
second local oscillator) will usually be the dctcrm.ining factor. 

The prime requirements therefore of an h.f. oscillator are 
fre.edom from frequency changes resulting from mechanical 
vibration or temperature changes, sulncicnt but not excessive 
fundamental output for maximum conversion efficiency, low 
harmonic output to minimize spurious responses (particularly 
important in double- and triple-conversion receivers), and 
no undue variation of output voltage throughout the tun.ing 
range. For optimum and constant conversion gain, the 
oscilla1or injec1ion voltage to the mixer is fairly critical 
(usually in the region of 9-JO volts). 

Fig. 1.64 in Chapter l shows a typical combined mixer/ 
oscilla1or frequency changer using a triode hexode or triode 
heptode valve. Modern multiple valves designed for 
frequency conversion arc capable of good performance, but 
a separate h.f. oscillator is stil l preferred for high perfor
mance receivers. Apart from the advantages already given, 
this permits the use of a valve having high mutual conduc
tance so that the amount of positive feed-back required for 
oscillation is less, resulting in a more constant output 
voltage and better stability. The use of a separate valve also 
allows lhc injection coupling to the mixer to be more accu
rately controlled and reduces interaction effects between 
signal frequency and oscillator tuned circuits. With double
convcrsion receivers, the second local oscillator, when 
operating on a fixed frequency, is often combined with the 
mixer. 

High-slope r. f. pentocles, sometimes triode connected, a rc 
commonly used (e.g., EF94/6AU6). To reduce spurious re
sponses the harmonic content of the oscillator output should 
be kept as low as possible, and for this reason a high-slope 
power triode valve, such as the ElC90/6C4. is often used. 

4.10 

Basically, any of the standard forms of oscillator arc suitable 
provided that the harmonic output is low. The most common 
arrangement, shown in Fig. 4.18, is the tuned grid circui t 
with anode positive feedback winding. T he Colpitts oscillator 
shown in Fig. 4.13 is also popular as the coil has only a single 
winding. 

The stability requirements of an h.f. oscillator arc akin to 
those for a variable frequency oscillator (sec Chapter 6) but 
with the added disadvantage that the oscillator operates on 
its fundamental frequency to above 30 Mc/s. With the 
growing interest in single sideband reception, it has become 
even more important to ensure a very high order of oscillator 
stability. One result is a growing tendency to use a crystal· 
controlled h.f. oscillator, a typical circu.it is shown in Fig. 4.19. 
Where the tunable h .f. oscillator is retained, many of the 
techniques of the v.f.o. have been introduced; for example 
the inclusion of an isolating stage between the oscillator and 
the mixer; see Fig. 4.20. 

Most oscillators vary in frequency with a change in applied 
voltage. Since some variation in h.t. is likely when the gain 
or a receiver is changed, it is highly desirable to stabilize 1he 
oscillator h.t. supply by means of a voltage regulator tube. 
Some factory-built receivers also stabi lize the heater current 
by means of a barretter. 

HT+ISOV 
STABILIZED 

0·02 

Fig. 4.18. Typical h.f. oscillator using a triode valve. Alterna tively 
a pentode, su ch aa the 6AU6 or 6BA6, may be used. Tho value or the 
coupling capacitor C will depend upon tho typ• of injection used. 
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Fig. 4.19. Crystal oscillator circuit suitable for provid ing output 
on the series resonant fund amental frequency of the crystal or- on 
the thi rd overtone freque ncy (app roximate ly thr<!e times the 
fundam ental frequency) depending o n tke frequency of the tuned 

circuit. 

Oscillator drift is caused primarily by the effects of rising 
temperature on the valve capacitances, the coils and the 
tuning capacitor. Drift can thus be minimized by such 
measures as: 

(a) Adequate ventilation to keep operating temperatures 
low. 

(b) Swamping of small capacitance changes by a large 
fixed capacitance across the tuning capacitor (part of 
this swamping capacitance can usefully take the form 
of a capacitor having a high negative-temperature 
co-efficient). 

(c) Placing of heat sensitive components as far as possible 
from the main sources of heat. 

(d) Careful choice of tuning capacitor and of the coil 
formers and winding tecllnique. 

(e) Rigid, vibration-resis tant constructivn. 
Considerable improvement can be obtained by using 

components which react in opposite directions to heat, thus 
providing a degree of automatic compensation. 

The vanes of the oscillator tuning capacitor must be 
rigid enough to el.iminate the vibration effects (microplio11y ) 
which can otherwise occur when this component is near the 
loudspeaker. Appreciable r.f. current flows tllrough the 
oscillator tuning capacitor and a poor rotor contact of vary
ing resistance will cause noise and twitter (slight discontin
uities and jumps in tuning). T he type of wiper contacts 

SECTION 

I SOV 
REGULATEO 

Fig. 4.20 .. A cath ode follower isolatinc stace connected between a 
variable frequency oscillat o r and the mixe r (u used in the receiver 

described on pare 4.61). 
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generally fitted on gang capacilors can give trouble, and 
some designers prefer to use a separate variable capacitor 
mechaoically linked to the gang capacitor used for tbe mixer 
and r.f. tuned circuits. For maximum stability, a really wcll
made capacitor, with stout, well-spaced vanes. and double 
bearings should be selected. Alternatively, the variable 
tuning capacitor can be eliminated by adopting permeability 
tuning in which a core is moved in and out of the coil (sec 
later). 

Hum in the oscilla tor stage results in the appearance 
of hum modulation, noticeable only when a stat ion i~ tuned 
in. To reduce hum in the oscillator stage, it is recommended 
that the cathode should be connected directly to the earth 
line and a bypass capacitor should always be connected 
directly across the heater pins on the valve socket. 

A circui t which is finding increasing favour both as a 
tunable h.f. oscillator and as a fixed or variable second 
conversion oscillator, is the cathode-coupled oscillator using 
a double-triode valve: sec Fig. 4.21. This circui t offers the 
advantage of a two-terminal coil, is capable of good stabi lity 
and has low harmonic output. The ci rcuit is also most tolerant 

~~~~~~~--~~~~~~~__,~-.~~-;.HT 

+ 
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Fig. 4.11. T ke so· called cathode-coupled oscillator is suitable for 
e ither first or second con version oscillators. 

of high C operation, a useful feature where a stable or widc
range oscillator is required. Under certain conditions the 
circuit may " squegg," particularly if the grid coupling 
capacitor is increased much beyond the suggested 10 pF. 
This can be overcome by litting a small non-inductive (carbon) 
resistor of between LO and 50 ohms immediately at the grid 
pin of the ftrst triode section. rr a mult i-band oscillato r with 
switched grid ci.rcuit is requi red, it is advisable to set up the 
circuit first with a 3-30 pF trimmer in place of the fixed 10 pF 
capacitor and to experiment with different settings and/or 
different series grid resistors on the highest and lowest 
frequencies required, replacing the trimmer with a fixed 
capacitor when a suitable value has been found- it is unlikely 
that this will prove critical. The Ju. bypass capacitor should 
be connected directly between the anode of the first triode 
section and the earthing point of the oscillator to ensure low 
harmonic output. Fo r harmonic suppression, the series 
inductance of the bypass capacitor is more important than 
its actual value and it may prove worth trying several types 
to achieve optimum hannonic suppression, o r to use a 
combination of different types. 

The rigid stability requirements of s.s.b. and some forms 
of telegraphy have led commercial designers towards the use 
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or frequency synthesis techniques for the hJ. oscilla tor of 
receivers. Frequency syntbe~is is the name given to the 
fonnation by means of m ixing (hcterodyning), frequency 
divis ion and mu ltiplication o r a required frequency from a 
single crysta l oscillator or from a rela tively small bank of 
crysta ls. The full synthesis of frequencies a l in tervals of 
I kc/s o r less throughout the h.f. range with the necessary 
purity of output is a complex and costly process. However 
some facto ry receivers (HR0500, PR 155) have used 
simpli fied forms. 

In the H R0 500 a I Mc/s oscillator wi th associated 
spectrum generator is used to provide I Mc/s m:irkers to 
which a free running oscilla tor is st:ibilizcd by means of a 
phase-lock loop. ln the PR155, an interpola tion oscillato r 
with a I ·2 Mc/s tuning span is also incorporated so that the 
phase-locked oscilla to r provides output throughout the 
required range. Another related, though not s trictly synthe
sis, technique used in the RA 17, RA217 receivers is based on 
the Wadley tri ple-mix system to elimina te automatically the 
effects of any d rift of the local oscilla to r so tha t the overa ll 
s tabili ty is that of a s table crystal-cont rolled reference 
osci llator. 

Home-constrnct ion of receivers using any o f these 
techniques, though feasible, must be regarded :is a project 
su itable only fo r those with very considerable experience. 
Factory receivers of this class inevitably cost several hundreds 
of pounds. 

l.F. AMPLIFICATION 
The i.f. amplifier is the heart of a supcrhet receiver, for it is 

here tha t the ma.in voltage gain occurs (usually of the o rder 
of 80db) and the overall selectivity response is shaped. 

fig. 4.22 shows a typical pcntode i.f. amplifier s tage, very 
similar basically to those found in nonnnl broadcast 
receivers. 1.F. transformers compris ing pairs o r mutually
coupled tuned circuits arc used to couple the valve to the 
preceding and succeeding s tages. To permi t the gain of the 
stage to be contro lled by an autom~1 tic gain control system, 
the valve usual ly has var iable-mu characteristics. T ypica l 
types arc EF85/6BY7, EF93/6BA6, 6BZ6, EFI83/6EH7, or 
the older octal-based types 6K7, 6SG7, 6SK7 and EF39. 

The gain obtained in an i.f. stage depends upon the mutual 

HT+ 

Fis:. 4.U. Modern i.f. amplifier using high slope framc .. &rid variable· 
mu pentoda. 
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conductancc(gm) of the valve, the Q and theL/C ratio of the 
resonant circuits in the i.f. transformers and the coupling (k) 
between the transformer windings. For a specified fre
quency, the gain will be maximum with the highest possible 
L/C ratio bul if this is incrc:iscd too much, it becomes 
increasingly difficult to maintain good stability a nd long term 
accuracy o r alignment; this may also be affected by variations 
of the input resistance of the following s tage with a.g.c. 
action. 

Gain wi ll be maximum when the produc t kQ is equal to 
one. 1.F. transformers designed for th is condi tion are sa id 
to be critically coupled. \ 1>1hen the coupling is increased 
beyond this point (over-coupled) the maximum gain occurs 
at two frequencies equally spaced about the resonant fre
quency and there is a sl ight reduction in gain at exact 
resonance: this condition mav be used in broadcast receivers 
to increase the bandwidth ro; good quality reception. lf the 
coupling factor is lowered (under-cou pled), the stage gain 
falls but the response curve is sharpened (see C hapter 1 page 
1.20) and this may be useful in communica tion receivers. 
Jn the past some designs used mechanical methods o f varying 
the coupling by actua lly moving the coils, but this is difficult 
to :irrangc. A lternative and more practical methods of 
varying selec tivity a re d iscussed late r in this sect ion. 

Choice of l.F. 

Choice of intermediate frequency is a most important 
consideration for the designer. The lower t he frequency the 
easier it wi ll be to obtain high gain and good select ivity. 
Conversely, the higher the frequency, the grea ter will be the 
difference be tween the frequencies of the s ignal and the h.f. 
oscillato r, from which it follows that the g rea ter will be the 
pro tection affo rded against image (second channel) inter
ference and the " pulling " of the h.f. oscilla to r by strong 
signals. S ince these two basic considerat ions a re directly op
posed, the i.f. of a single-convers ion superhet must therefore 
a lways be a matter of compromise. In practice, it wi ll be 
governed by such considerations as the number of tuned signal 
frequency c ircuits before the mixer, the degree of selectivity 
required, the number of i.f. stages, the absence of strong 
signals on or abou t the i. f. , and the availability of suitable 
i.f. transformers. Dy in ternational usage, frequencies for 
single-conversion receivers are usua lly within the band 
455-470 kc/s o r around 1 ·6 Mc/s. 

rn a receiver having no (or only one) tuned r.f. stage, an 
i.f. of I ·6 Mc/s or above is required to reduce image response 
to a satisfactory figure at 30 Mc/s. With an i.f. of about 
460 kc/s, three tuned circuits (two r.f. stages) arc necessary to 
reduce the image to negligible proportions above about 
15 Mc/s. 

Two stages of 460 kc/s amplification (six tuned circuits) can 
provide a fair degree of se lectivity without any additional 
measures such :is those described later; typical bandwidths 
are 6 kc/s nose, 20-30 kc/s skirt. T his would be passable for 
a.m. telephony, though only fair for c.w. reception, and 
adjacent channel interference would almost certa inly be a 
major problem on crowded bands. 

With an i.f. of l ·6 Mc/s, selectivity o f the order necessary 
for modern amateur requirements would be extremely 
difficult to achieve without the use of crysta l filte rs, though 
fo r s imple sets selectivity can be considerably improved by 
usini; regenera tion. A low i.f. of 85-100 kc/scan give with 



four 1uncd circui ts (two i. f. transformers) a peaked nose 
bandwidth of tbe order of 3 kc/s and a skirt bandwidth 
better than 15 kc/s at - 60db. 

Double-conversion Receive r 

The couflicting requirement of a low i.f. for good selectivity 
and a high i.f. for good image protection has Jed to the 
development of receivers having lwo or even three changes of 
f~equency. In the double-conversion set, the incoming 
signals are first converted to a fairly high intermediate 
frequency, of the order of J ·6-5 Mc/s, making possible a 
reduction of image response to negligible proport ions with 
only one r.f. stage, and so 
avoiding the complications 
with the ganged tuning of 
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automatically eliminated and stability determined by a I Mc/s 
crystal oscillator. Although a simplified form of this system 
has been used in some home-built sets, the requirement of the 
bandpass first i.f. filter (40 Mc/s ± 0·65 Mc/s) presents 
difficulties. A fixed first i.f. or 37· 3 Mc/s is used in the 
PRJ55, allowing a selective filter to be inserted immediately 
after the first mixer. 

There is one particularly interesting form of double
conversion technique used in many of the more elaborate sets 
and now fi nding increased favour with experienced amateurs. 
In this system the frequency of the first local oscillator is 
fixed for each band, usually by a crystal, and the output 
from the first frequency changer represents a band of fre-
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more than three circui ts. Then 
in turn these i.f. signals arc 
changed, usuaUy with the aid 
of a fixed tuned local oscilla
tor, to a lower i.f. where it is 
possible to obtain a high de
gree of selectivity. This second 
i.f. is often within tbe range 
50-100 kc/s, but may be in the 
standard i.f. range of 455-470 
kc/s. It is at the second i.f. 
that the main amplification is 
achieved and the main shap
ing of the response curve 

Fis . 4.13. Block d iacr;im o( a double conversion communications ,.cc:eiver. 

occurs. A block diagram of a representative arrangement is 
shown in Fig. 4.23. Thus a double conversion receiver can 
offer both good image protection and high selectivity, but 
at the cost of added comple1tity in design and construction. 
Great care is necessary to avoid the reception o f spurious 
signals resulting from harmonics of one or more of tbe local 
oscillators; there is also tbe risk that the fu ll benefits of the 
high ·selectivity may be lost owing to cross modulation 
resulting from the overloading of one of the e3rly stages, 
since selectivity is not achieved until fairly late in the receiver, 
unless a second crystal filter (though not necessarily with 
such rigorous requirements) is inserted after the first mixer. 

The use of a much higher first i.f.-above 30 Mc/s-has 
some att ractions; including reduction of image response and 
allowing continuous coverage of all frequencies up to 30 
Mc/s. T his approach has been used in some commercial 
designs (e.g. Racal RA17, RA217, Plessey PR155). 

The RAJ 7 introduced the ingenious Wadley triple-mix 
tuning principle allowing the d rift of the local oscillator to be 
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quencics which remains constant. The first i.f. section is 
then made tunable over a definite band, for example from 3·5 
to 4 Me/s, being converted to a lower intermediate frequency 
by means or a variable local oscillator, sec Fig. 4.24. 
The entire receiver thus can be considered as a series of 
converters, one for each band, ahead of a single wave-range 
superhet receiver which, because of the absence of wave
change switching and wi th the local oscillator always working 
on a relatively low fixed h.f. range, can be made extremely 
stable and retain accurate calibration over a long period. A 
very wide amateur band, such as 28-29·7 Mc/s, would be split 
into two or more sections. T his principle is also widely used 
for h.f. or v.h.f. reception in front of n lower frequency 
receiver : the conver ter is fixed tuned, with the actual tuning 
done on the main rece iver, see Fig. 4.25. 

In the conventional form of double conversion receiver 
with fixed first uncl second intermediate frequencies, the 
second oscillator is normally fixed tuned, bu t an effective 
form of fine bandspread tuning is possible by making the 

IF IF OUTPUT 

BFO 

Fig. 4.14. Outline of doubla·convcrsion racciver with crystal~controlled h.r. 01cilla.tor and va.ria.blc first i.f. 
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fie. 4.25. H ow a fixed tuned converter is often used 01head of a 
communications receiver. All tunins is done on tho main receiver. 

second oscilla1or variable, by means of a panel control, over 
a range of about 5 kc/s: the bandwid1h of the first i.f. section 
is usually more tha n adequate to permit this form of fine 
tuning without loss of gain. 

Careful attention must be given to the screening and 
decoupling of the second oscillator if birdies and other 
spurious responses are to be avoided. Often the second 
frequency-changer (a combined mixer-oscillator such as tbe 
EK90/6BE6 is sui table) can be totally enclosed i.n a metal 
screening box and all leads emerging from the box decoupled 
to earth. The second oscillator must be designed for high 
stability although, as it will normally be working on a 
moderately low frequency, this is usually not so difficult a 
problem as the design of the fi rst h.f. oscillator. So that the 
second oscillator docs not operate on a frequency covered 
in the tuning range of the receiver, it is usual for this to be 
set on the low frequency side of the first iJ. I 11 more complex 
receivers, this oscillator may be crystal controlled: sometimes 
two crystals arc provided- one either side of the first i.f.
to permit side-band selection. 

Occasionally designers include •111 amplifier stage at the 
tlrst i.f. This arrangement, however, tends to increase the sus
ceptibility of the receiver to cross modulation and blocking. 

l.F. Selectivity 

The degree of selectivity which can be achieved at 450 kc/s 
or above, solely by the use of 

(a) 

tuned circuits can be incorporated in the inter-valve couplings. 
The selectivi ty which can be obtained is governed both by 

the Q of the i.f. transformer and its coupling factor, and 
good components should be used. Tuned circui ts of higher 
Q than can readily be obtained in the conventional type of 
i.f. transformer (even when wound with Litz. multi-stranded 
wire) can be obtained by usiog modem pot cores of high 
permeability ferrite materials. To provide switched degrees 
of selectivity, some receivers incorporate i.f. transformers 
having a low coupling factor but with a small addi tional 
primary winding tightly coupled to the secondary and which 
can be switched into circuit to broaden the response curve. 
This and the pot core systems are very effective for low 
frequency second i.f. stages. 

Where selective i.f. filters are incorporated, it is most 
important that stray couplings and signal paths between the 
stages be kept to a very low figure, or signals will leak round 
the fiJter(s) and in1pair selectivity. Even a relatively small 
leakage becomes of consequence at -60 and - 80db levels. 
Good layout and effective decoupling of the anode, screen, 
cathode and heater circuits are of particular importance. 
Decoupling capacitors should be chosen for low series 
inductance and with short connecting leads. 

l.F. Regeneration 

The gain of an i.f. amplifier can be considerably increased 
by the use of controlled positive feedback up to the point of 
oscillation. Such feedback also has the effect of providing a n 
apparent increase of Q of the tuned i.f. circuits; this increases 
the selectivity oft he stage. Since the signal-to-noise ratio wi II 
have already been largely determined iJ1 the early stages, the 
increase in noise contribution due to regenerative feedback 
will be of little practical consequence. 

Fig. 4.27 shows a simple method of providing controlled 
regeneration without additional wiJ1dings on the i.f. trans
former. Positive feedback is introduced by varying the 
effectiveness of the screen decoupling capacitor. 

In practice, the use of i.f. regeneration is confined mainly 
to smaller receivers where the extra gain is of most impor
tance. This is partly because the improvement in selectivity 
is impaired in the presence of strong signals (where it is most 
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two or three double-tuned i.f. 
transformers of conventional 
design, is no1 likely 10 prove 
st1fficie11t for optimum results 
on botb c.w. and telephony in 
the crowded amateur bands. 
In soinc designs, a higher 
degree of selectivity has been 
acl1ieved by increasing the 
number of tuned i.f. circuits 10 
eight or even twelve, each of 
higb Q construction and un
der-coupled. Since the trans
fer of energy tends to be low 
because of the low transformer 
coupling factor, more overall 
valve amplifica tion must be 
available, and three stages of 
i.f. amplification may be 
needed. Fig. 4.26 indicates 
some of the ways in which 

Fia. 4.26. LF. inter-valve coupl ings. (a) The conventional double-tuned i.(. tr-.nsformer. 
(b) Special triple tuned i.f. transformers h:ive been used in some designs to provide a 
useful improvement in skirt selectivity. (c) Two conventional i.f. trantform crs can be 

connected in this way to provide four tunec! circuiu per stas:e. 
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fig. 4.27. Controlling regeneration of an i.f. amplifier by varying the 
efficiency or the screen decouplinr. The fixed resistor in parallel 
with the control may have to be added if the. regeneration control is 

too coarse. 

needed) and partly because of the difficulty of maintaining 
accurate alignment at all positions of the regeneration control. 

Crystal Filters 

The selectivity of a tuned circuit is governed by its fre
quency and by its Q (ratio of reactance to resistance). There 
are practical limits to the Q obtainable in coils and i.f. 
transformers. In 1929, Dr. J. Robinson, a British scientist, 
introduced the quartz crystal resonator into radio receivers. 
The advantages of such a device for communication receivers 
were appreciated by James Lamb of the American Radio 
Relay League and he made popular the i.f. crystal filter 
for amateur operators. 

F or this application a quartz crystal may be considered as 
a resonant circuit with a Q of from 10,000 to 100,000 com
pared with about 300 for a very high grade coil and capacitor 
tuned circuit. From Chapter 1, it will be noted that the 
electrical equivalent of a crystal is not a simple series or 
parallel tuned circuit, but a combination of the two: it has 
(a) a fixed series resonant frequency (f,) and (b) a parallel 
resonant frequency ([,,). The frequency ([,,) is determined 
partly by the capacitance of the crystal holder and by any 
added parallel capacitance and can be varied over a small 
range. 

The crystal offers low impedance to signals at its series 
resonant frequency; a very high impedance to signals at its 

HT+ CRYSTAL 

SELECTIVITY 
CONTROL 

Fig. 4.28. Variable selectivity crystal filter. Selectivity is greattut 
when t-he impedance of the tuned circuit is reduced by bringing the 
variable resistor fully into circu it. f.or o ptimum results there mutt 
be adequate scrce:ninc to prevent stray coupling between the input 
and output circuits which wou ld permit stronc off.resonance signals 

to leak round the filter. 
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parallel resonant frequency, and a moderately high im
pedance to signals on other frequencies, tending to decrease 
as the frequency increases due to the parallel capacitance. 

While there are a number of ways in which this high Q 
circuit can be incorporated into an i.f. stage, a common 
method-providing a variable degree of selectivity- is shown 
in Fig. 4.28. When the series resonant frequency of the crystal 
coincides with the incoming i.f. signals, it fomlS a sharply 
tuned " acceptor" circuit, passing the signals with only 
slight insertion loss (loss of strength) to the grid of the 
succeeding stage. The exact setting of the associated parallel 
resonant circuit, at which the crystal wi ll offer an extremely 
high resistance, is governed by the setting of the phasing 
controlwhich balances out the effect of the holder capacitance. 
Such a filter can provide a 11ose selectivity of the order of 
1 kc/s bandwidth or less, while the sharp rejection notch 
which can be shifted by the phas ing control through the pass 
band can be of the order of 45db. Fig. 4.29 shows the 
improvement which can be obtained by switching in a tilter of 
this type in a good communications receiver (a simple method 
of switching the filter is to arrange the phasing trimmer to 
short-circuit at one end of its travel). Inspection of the 
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PC ADJUSTED FOR REJECTION OF INTERFERENCE 
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Fig. 4.29. A graph •howing the Improvement in ulectivity which 
can be obtained by the use or a crystal filter of the type shown in 

Fig. 4.28, 

response curve will show that the improvement in the ski rt 
selectivity is not so spectacular as at the nose, and even with a 
well-designed filter may leave something to be desired in the 
presence of strong signals. 

The degree of selectivity provided by a single crystal 
depends not only upon the Q of the crystal and the i.f. but 
also upon the impedance of the input and output circuits. 
T he lower these impedances are the greater will be the effect 
of the filter, though this will usually be accompanied by a 
rise in insertion loss. To broaden the selectivity curve and 
make the Q of the filter appear less, it is only necessary to 
raise the input or output impedances. ln F ig. 4.28 the input 
impedance may be lowered by detuning the secondary of the 
i.f. transformer. The output impedance will depend upon 
the setting of the variable resistor which fonns the selectivity 
control. With minimum resistance in circuit, the tuned 
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(b) 

(c) 
lLl 

(d) 
l1l 

Fir. •.30. Half~lattice crystal filter·s showina the improvement in the shape of the curve which nn be obtained when the crystals are 
correctly balanced or when extra crystals are used to reduce the• humps.' Typical crystal frequencies would be XI 464·8 kc/s. Xl 466·7 

kc/s, Xl 463 kc/s, X4 468·5 kc/s. 

circuit will offer maximum impedance, which can be gradu
ally lowered by bringing more resistance into circuit. 
Maximum impedance corresponds wi1h minimum selectivity. 

A disadvantage of the single crystal fillet· is that when used 
in the position of maximum selectivity, it may introduce 
considerable" ringing," rendering it difficult to copy a weak 
c.w. signal: this is due to the tendency of a high Q circuit 
to oscillate for a short period after being stimulated by a 
signal, producing a bell-like echo on the signal. 

Since the minimum nose bandwidth of a single crystal 
filter may be as low as 100-200 c/s, it is not possible to re
ceive a.m. signals through the filter unless its efficiency is 
degraded by a high impedance or by "stenode" tone correc
tion (see page 4.56). If this is done, such a filter will often 
prove most useful for telephony reception through bad 
interference, though 11t some cost lo the quality of reproduc
tion. Even the most simple form of crystal filter, consisting 
of a crystal in series with the i.f. signal path, without 
balancing or phasing, can be of use. 

Bandpass Crystal Filters 

As already noted, the sharply peaked response curve of a 
single-crystal filter is not ideal, and has by modern standards 
a relatively poor shape factor: improved results can be 
achieved with what is termed a ha/f/attice or bandpass 
fil ter. Basically, this comprises two crystals chosen so that 
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their series resonant frequencies differ by an amount approxi
mately equal to the bandwidth required; for example about 
300 c/s apart for c.w., 3-4 kc/s apart for a.m. telephony or 
2 kc/s apart for s.s.b., see Fig. 4.30(b). This form of filter, 
developed in the 'thirties, has in recent years come into wide
spread amateur use. Although it has a much improved slope 
over the single crystal filter, in its sin1plest fonn there will 
still be certain frequencies, just outside the main pass band, 
at which the attenuation is reduced. UnJcss a balancing trim
mer is connected across the higher frequency crystal the sides 
of the response curve tend to broaden out towards the 
bottom. As the capacitance across the crystal is increased, 
the sides of the curve steepen, but the side lobes tend to 
become more pronounced. Capacitance across the lower 
frequency crystal broadens the response and deepens the 
trough in the centre of the passband. 

To eliminate the "humps" in the response curve addi
tional crystals may be included in the filter, these may be up 
to about six in number, Fig. 4.31. Examples of bandpass filter 
response characteristics are shown in Fig. 4.30. Alternatively, 
additional filter sections maybe incorporated in thei.f.section 
in cascade. An advantage of using several cascaded filters is 
that less critical balancing and adjustment arc needed. Pro
vided that there is no leakage of i.f. signals around the filter 
due to st ray capacitances or other forms of unwanted coupling 
(an important consideration with au selective filters), extreme
ly good shape factors of the order of I ·5 can be achieved with 
about three cascaded filters on about 460 kc/s. This system 

Fi~. 4.3 1. Up to about six crystals 
may be used in a single half .. lattice 
filte:r·. Here is a variable selectiv
ity unit for 465 kc/s uolnc FTl41 
crystals. XI 461 ·1 kc/• (49); X2 
462'9 kc/s (50); Xl 468'5 kc/s (53); 
X4 470·4 kc/s (54); XS 464·8 kc/s 
(51): X6 466·7 kc/s (52). N umbers 
in brackets refer to channel num
ber. for FT241 crystals. Tl and 
L/C should be tuned to mid-filter 

frequency. 
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Fig. '4 •. 32. A c.rysbl m ay be used in conjunction with an otherwi.te 
-a.pe.riodic (untuned) amplifier. In llrac-tice aeveral amplifier• may be 
aasaaded. Typical valves would be the triode ECC85/6AQ8 or the 

triode-pentode ECF80/6BL8. 

is used in the receiver described on page 4.56. There will be 
an insertion loss of the order of 6db per section. 

To provide a sharp variable rejection notch, it is advan
tageous to incorporate some form of bridged-7' filler or 
Q multiplier (sec later) in order to be able to eliminate steady 
heterodyne interference. 

To reduce susceptibility to cross-modulation or blocking, 
crystal and other selective filters should be placed as near as 
possible to the front-end of the receiver. 

Where the first fixed i.f. is too high for a crystal filter to be 
completely effective, it is nevertheless advantageous to include 

Cl 
Hl--'V\N'..._--'"" 1--:--.....----'-1 •---'NJ~ 

(a) 

(b) 

IN OUT 

RI R3 

Fig. 4.33. Typic:il h.f. crystal filters using FT24J cry1tal1. 
(a) Filter usinc four crystal• (Ft = Fl ' ; Fl - Fl' - Ft + 1500 to 
1500 c/1); Cl, 2000 pf; Cl, 47 pf; CJ, 3- 30 pf; C4, 3- 10 pf. LI and LJ 
to resonate at filter frequency with Cl. Ll to rc1onate with about 
15 pf setting of Cl. R should be 2000 ohm~. (b) Filter using six 
crystals and capable of u nose" passband1; of l·4-J kc/• and - 60 
db skirt bandwidth of 6-7 kc/s. The sets of XI and Xl uy1tal1 
1hould be separated by 1·7 kc/s in 1erie1 resonant mode. R1, R2 

and Rl are 560 to 810 ohmt. 

H.F. RECEIVERS 

a preliminary filler at this point, with the more selective filter 
latCT in the receiver (but still at the earliest practicable stage). 

Crystals for Bandpass Filters 

For bandpass filters, most amateurs use surplus type 
Fr241 crystals. These are in two groups labelled in fre
quency and with a channel number. The fundamental 
frequencies are from 370 to 540 kc/s. The first group are 
marked in frequencies from 20 to 27·9 Mc/s with channel 
numbers up to 79. The actual crystal frequency may be 
found by dividing the frequencies marked on the holder by 
54. As the channels are spaced O·l Mc/s apart, the crystal 
separations are l ·85 kc/s. The second group of FT24 l 
crystals arc marked from 27 to 38·9 Mc/s in O· I Mc/s steps, 
with channel numbers from 270 to 389; the fundamental 
frequency can be found by dividing the marked frequency by 
72. The spacing of this group is about l ·49 kc/s. FT24l 
crystals of similar channel numbers are likely to sbow some 
slight spread of frequencies. Should tbe precise frequenciies 
required not be available, it is possible to raise the frequency 
of a crystal by edge grinding and to lower it by plating. 

AN/TRC-1 crystals in similar holders to the FT241 series 
are available in fundamental frequencies from 729 to 1040 
kc/sand marked in channel numbers from 70 to 99·9. 

H igh Frequency Crystal Filters 

As the frequency increases, it becomes more difficult to 
obtain entirely satisfactory characteristics from half-lattice 
crystal filters. Whereas extremely good results can be 
achieved on 450-470 kc/s, bandpass crystal filters for inter
mediate frequencies of 1 ·6 Mc/s and above may prove less 
effective when viewed by the highest modern standards, 
particularly when using the readily available surplus crystals. 
Since many of the problems associated with superhet design 
would be solved if sufficient selectivity could fairly easily be 
obtained with high intermediate frequencies, the development 
of suitable but inexpensive h.f. crystal filters is a matter of 
concern to amateurs. Excellent factory-built 9 Mc/s filters 
developed for s.s.b. applications arc available at reason
able cost. Filters at v.h.f. have been used in commercial 
designs. 

One current line of development of interest to home.
constructors is the use of a number of crystals in place of i.f. 
transformers in an aperiodic (untuned) amplifier. This type 
of selective amplifier is particularly suited for receivers 
intended primarily for c.w. reception. A typical circuit of 
a single filter is shown in F ig. 4.32. In practice at least two 
filters would be cascaded. 

Effective h.f. crystal filters using FT243 crystals between 
5·5-6·5 Mc/s have been built successfully by a number of 
amateurs. Typical designs are shown in Fig. 4.33. 

The possibility of using bandpass crystal filters at signal 
frequencies has been shown to allow a number of transmitters 
to be operated in close proximity. 

Mechanical Filters 
The development of mechanical filters during the past ten 

years or so has provided the amateur designer with a con
venient method of obtaining-at intermediate frequencies 
between 60 and 600 kc/s-a bandpass characteristic having 
almost any desired bandwidth combined with a flat top and 
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COUPLING COIL 

TRANSDUCER ROD 

COUPLING 
ROD 

DISC RESONATOR 

Fig. 4.34. The Coll ins mechanlcol ni ter . l .f. signals are converted into 
mechaniclll v ib,.ations by a magneto•strictive t r ansducer and passe d 
along a. • erics or re sonant discs, then finally reco nver ted to i.f. 
signals by a s econd magncto•strictive transducer. The band wid th 
of t he fil ter is governed by t he n umbe r of resonant disc.s and t he 

d esign of t he co upl ing rods. 

steep sides. These filters are smaller than the usual i.f. trans
former and provide in one small unit a stable filter having the 
characteristics of a multiple crysta l network. A funct ional 
diagram of a mechanical filter is shown in Fig. 4.34. 

The filter consists of three basic elements: 
(a) l\vo magneto-striction transducers which convert the 

i.f. signals into mechanical vibrations and vice 
versa. 

(b} A series of metal discs mechanically resonated to the 
particular freq uency. 

(c) Disc coupling rods. 
Each disc is equivalent to a series resonant circuit with a 

high Q (of the order of 5000 or above). Varying the mechan
ical coupling between the rods- by making them larger or 
smaller-varies the bandwidth of the filter. The vibration of 
the discs cannot be observed, and the entire filter is enclosed 
in a hermetically scaled case. The insertion loss of one of 
these filters is about IOdb, and the only adjustment requ ired 
is to tune the input and output transducer coils with the 

more competitive with crystal filters. For s.s.b. applications 
there is some advantage in the use of assymmetrical filters, 
with the steepest slope on the " carrier " side. 

Br ldged-T Fiiters 

A further method of providing a rejection notch which can 
be used for the elimination of steady heterodyne interference 
is the bridged-T filter. 

The basic filter is shown in Fig. 4.35 with its associated 
response curve, which indicates that the filter provides high 
attenuation at the resonant frequency. This attenuation 
will be maximum (providing the deepest notch) when the 
resistor is equal to one-quarter the impedance of the tuned 
circuit. By providing a variable resistor it thus becomes 
pos.~iblc to adjust the notch depth. 

Fil ters of this simple form are to be found mainly in 
receivers having a low i.f., usually below JOO kc/s. However, 
effective use o f this type of filter can be made at 450-470 kc/s 
by increasing the Q of the filter coil by means of the Q 
multiplication technique, as indicated in Fig. 4.36. An advan
tage of the bridged-T fi lter over the phasing control of a 
crystal filter is that it causes less distortion of the i.f. response 
on either side of the deep, narrow notch. 

(o) (b) 

Fic. 4.l S. T he ba• ic brideed-Tfilt ercircuit(a) and anociated reop onH 
char a.cteristi cs (b) s howing deep notch at resonant frequency. T he 
not ch a t tenuation will be maximum when R is equ;al to one· qu;irter 
o f t he r C$Ona nt imped ance of LC. fn p r-a.ct.ice two equal cap ;i.dtors 
a rc often u1cd in a capacitive potendometer in st ead of a ce ntr e· 

tapped coil. 

Ceramic Filters and T r a nsformers 

Piezoelectric ~ffects are not confined to the classic materials 
such as quartz and Rochelle salt crystals. Jn recent years 
increasing use has been made of certain ceramics, such as 

appropriate capacitance. Normally. non
critical high impedance circui ts are 
suitable at the input and output ends; 
for use with transistors however, the 
filters can be matched into low impedance 
circuits by using a series-resonant termi
nation. To obtain the full benefi t of t he 
fllter, the input and output circuits must 
be effectively screened from each other. 

,-~~~~~~~~~--<.> HT 
FILTER 

Mechanical fil ters ca.nnot at present be 
homc-construclcd, ond must be purchased 
complete. A pair of filters, one for c.w. 
the other for telephony- adds many 
pounds to the cost of a receiver, and an 
amateur can often construct crystal filter 
networks at appreciably lower cost. 

In recent years, the availability of both 
American and Japanese mechanical filters 
has tended to lower prices, nnd make them 
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f ig. 4.36. Bridged·T ci rcuit combined wi t h a Q M ultiplier . The notch can b e tun ed 
acron the receive r b;J.ndpus by mea ns of t he 1. 19 pf trimmer and the dep t h of t he 

notch a djusted bv the 10 K var'iable re..sist or. 



barium titanate (for gramophone pickups) and the lead 
zirconate ti tanate (PZT) series. Small discs of PZT ceramics 
which resonate in the radial dimension to the intermediate 
frequency can be used in bandpass filters in the same way as 
quartz crystals, though at the present state of development 
the Q is considerably lower. PZT ceramics can also be used 
directly to provide an impedance transformation: by provid
ing two sets of electrodes a complete replacement for an i.f. 
transformer can be obtained. giving improved selectivity 
characteristics compared with conventional components. To 
date thls type of piezoelectric ceramic i.f. transformer has 
been used mainly for transistor receivers, as it provides a very 
convenient means of obtaining the low impedances required 
for transistor input circuits. While having a good nose 
selectivity the skirts tend to be too broad for ceramic filters 
to be much used in advanced amateur receivers at present. 

Q Multipliers 

The apparent Q of a tuned circuit and hence its selectivi ty 
can be increased by connecting it to an amplifier with 
regenerative feedback. Such an amplifier can be regarded 
as a negative resistance which will cancel some of the loss 
resistance in the tuned circuit thereby raising the Q. This 
arrangement is familiar to many in t.r.f. receivers. In recent 
years it has been applied to a variety of devices generally 
known as Q multipliers and of great value in superhet 
receivers. Basically these devices comprise a simple valve 
or transistor amplifier with adjustable positive feedback. 
This is coupled to an early i.f. coil in such a way that re
generation can be applied up to the threshold of oscillation. 
A more elaborate version contains a tunable circuit which 
allows the narrow peak to be varied in frequency within the 
normal band-width of the receiver. A further useful feature 
of the more elaborate version is that the tuned circuit (wi th 
its Q raised by regeneration) can be re-coni1ected, by switch
ing, in the negative feedback circuit of a triode amplifier. 
The triode with negative feedback performs the opposite 
function to that described above and presents the i.f. 
transformer with additional loss resistance depending upon 
the tuning of the Q multiplier tuned circuit. At resonance 
drastic damping occurs and a sharp rejection notch results 
which is tunable over the pass band similar to the action of a 
crystal filter with phasing control. 

The Q multiplier is a worthwhile addition to any superhet 
receiver, even those already possessing a bandpass crystal 
or mechanical filter. 

It should be connected to the earliest possible stage in 
the receiver so that the enhanced selectivity can give the 
maximum protection against cross modulation in the later 
stages which operate at higher input voltage levels. The 
point usually chosen is the anode of the mixer in single 
superhets or the anode of the second mixer in double 
superhcts. 

The Q multiplier technique can be extended to the use of 
crystals as the basic high Q tuned circuit (suitable primarily 
for c.w. reception): alternatively use may be made of the 
cJtisting i.f. transformer to provide Q multiplication without 
additional coils. The principle has also been successfully 
adapted for improving pre-mixer selccl ivity at signal fre
quencies. 

Constructional details of a Q multiplier arc given later in 
this chapter. 

H.F. RECEIVERS 
THE DETECTOR 

The main types of detector in modern receivers are: 
(a) The diode detector, using either a thermionic or 

crystal diode, found in the vast majority of receivers. 
(b) The regenerative leaky-grid detector, relatively little 

used in superhets but capable of high gain and good 
selectivity. 

(c) The infinite impedance detector, offering extremely 
low loading of the final i.f. transformer. 

(d) Various forms of heterodyne detector developed 
primarily for the reception of s.s.b. and c.w. signals. 

Diode Detector 

The conventional diode envelope detector functions 
directly on a.m. signals and in conjunction with a b.f.o. or 
carrier insertion oscillator on telegraphy and s.s.b. It is an 
uncomplicated device presenting a stable but rather low 
impedance load to the final i.f. transformer, and for many 
years was used almost exclusively. lt has the disadvantage 
that it provides no gain, and may introduce distortion at low 
signal levels. Because of its relatively low dynamic imped
ance and consequent a.c. shunting on the final i.f.transformer 
it is advantageous for the secondary winding of this trans
former to have a lower L/C ratio than for the o ther windings, 
and to be more tightly coupled than for the earlier trans
formers; however, in practice. satisfactory results can be 
obtained using similar i.f. transformers throughout a set. To 
minimize a.f. distortion on weak signals having a high 
modulation percentage, care should be taken to keep the 
capacitance across the diode load as low as possible. 

The diode detector is often combined in n single multiple 
valve with a second diode used as a rectifier to provide a 
negative a.g.c. bias and also a triode which is generally used 
for the first stage of a.f. amplification: sec Fig. 4.37. This 
practice can introduce undesirable coupling between the 
various ci rcuits, but is economical. 

Suitable valve types for the detector and a.g.c. diodes 
would be the EB91/6AL5, EB34/6H6 or crystal diodes types 

HT+ 

t SOOpF 

25µF 

Fie. 4.37, Typical u1c of a double triode valve for detection, a.11.c. 
and Lf. ampllficatlon. A.G.C. delay is obtained from the cathode bias 

but thlt i• not applied to the detector diode. 
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Fig. 4.38. Diode integrator detector. Either thermio nicvalves(6AL5, 
6H6) orsemi-conductordiodes(I N41, OA79, CASI, etc.) can be used. 

OA79, OA81, IN41. Suitable double-diode and triple
diode triodes include the 6AT6/EBC90, 6AV6/EBC91 and 
the 6AK8/EABC80. 

1 t is possible to use two diodes in a voltage doubler 
arrangement, offering some advantages for weak signal 
reception at low distortion, see Fig. 4.38. 

Regenerative Detecto r 
The regenerative detector offers the advantages that a 

high gain can be obtained (permitting its use on weak i.f. 
signals) and that it can be made to contribute to the selec
tivity of the receiver. I ts main disadvantage is that it is 
difficult to use in conjunction with an a.g.c. system; further
more it needs very careful adjustment if full benefit is to be 
obtained. It is particularly useful for simpler receivers in
tended primarily for c.w. reception; it dispenses with the 
need for a separate b.f.o. and can do much to overcome a 
deficiency of i.f. gain. 

I.F. transformers incorporating a feedback coil suitable for 
this purpose are not readily available. One method is to 
remove the i.f. transformer from its screening can and to add 
a feedback winding, finding the correct number of turns for 
smooth regeneration by trial and error. An alternative 
method is described on page 4.47. 

Infinite Impedance Detector 
The infinite impedance detector, Fig. 4.39, bas certain 

advantages but has until recently only rarely been used in 
communications receivers. At audio frequencies, there is con
siderable negative current feedback across the relatively high 
value cathode resistor, reducing distortion to a very low level. 
As the triode valve is not driven into grid current, there is 
little damping of the i.f. transformer, enabling a higher volt
age to be developed across the secondary winding than would 

C I O 
OUTPUT 

> 

Fig. 4.39. Infinite. impedance de:e-;tor for use in 3. communications 
re.ccfr er. 
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be possible with a diode detector. Output from the b.f.o. or 
c.i.o. is fed to the grid of tl1e detector via a small capacitance. 
I t is difficult to use in conjunction with an a.g.c. system 
unless a separate a.g.c. i.f. amplifier is incorporated, although 
circuits to overcome this problem have been published (e.g. 
Amateur Radio Tec/111iq11es-RSGB). 

Product or H eterodyne Detector 

For the reception of s.s.b. signals various forms of mixer 
or heterodyne detector have been introduced to reduce 
intermodulation distortion at low signal levels. In the fom1 
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Fie . 4.40. T he prod uct or heterodyne detector Is userul for the reccp· 
tion or 1.1.b. and c.w. signals but is unsuitable for a.m, telephony 

sicnals. Suiable valves include 6SN7, llAU7 a nd ECC81. 

generally termed the product detector two input signals are 
fed to what is basically a mixer stage: 

(a) The incoming signal at the intermediatefrcqucncy; and 
(b) A signal from the carrier insertion oscillalor (c.i.o.) 

or beat frequency oscillator (b.f.o.). 
The difference in frequency represents the a.f. output and, 
after filtering to remove the r.f. components of the original 
signal, is feel to the a.f. stages. Fig. 4.40 shows a typical 
circuit using a double-triode valve, though alternative 
arrang~ments using 6BE6 or ECH81 mixer valves are also 
commonly used. The reader will appreciate that these 
detectors can be used both for s.s.b. and c.w. but arc un
suitable for the reception of a.m. telephony transmissions, 
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Fis. 4.41 (a) . This a r ran1ement usinc three 1ermanlum diodes pro· 
vide.s demodulation for 1.1.b., c.w. and a .. m. 1i1nal1 and 11 in corpora~ 

ted in the receiver de.scribed on paae 4.61. 



except when the signals are 
converted to s.s.b. by selective 
filters. 

Another form of heterodyne 
detector, capable of excellent 
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s.s.b. performance, is shown 
in Fig. 4.4la. This uses two 
germanium crystal diodes in a 
bridge ring modulator (as for 
s.s.b. generation) in conjunc
tion with a further single diode 
which can be switched into 
circuit for a.rn. reception. The 
resonating capacitance across 
the secondary of the final i.f. 
transformer in the receiver 
comprises two fixed capacitors 
with a capacitance ratio of 
approximately l 0: 1 to form an 
a.c. potentiometer, providing 

Fig. 4.4l (b) Ph ilco circuit for combined a.m./1.1.b./c.w. detector/a.s.c. system. CRI, IN 91 or similar 
crys tal diode. 

a low impedance load to the diodes. The c.i.o.jb.f.o. volt 
age is fed in push-pull across a balancing potentiometer from 
a low impedance link winding in the oscillator anode circuit. 
When correctly balanced by means of the 2 K ohm potentio
meter, there is no output when the c.i.o. voltage is removed. 
This type of demodulator is used in the advanced amateur 
receiver shown on page 4.63. 

Beam deflector valves (e.g. 7360) used as product detectors 
can provide much greater audio output than conventional 
circuits at the expense of greater circuit complexity. 

A detector/a.g.c. circuit designed for a.m./c.w./s .s.b. 
service without the need for independent detectors with other 
product detectors and permitting a.g.c. to be used on all 
modes is shown in Fig. 4.4lb. 

The arrangement consists basically of a 6AS6 valve used 
as a grid-leak power detector. When SI is in the A.M. 

position, the b.f.o. is disconnected. The incoming i.f. signals 
are rectified in the grid/cathode circuit and the detected 
signal amplified in the anode circuit. A.G.C. is taken off 
from the cathode circuit with the 1 N91 crystal diode used 
to delay the operation of the a.g.c. until the signal strength 
reaches a satisfactory level. S2 selects the a.g.c. time
constant. 

On SSB/cw the b.f.o. signal is fed to the suppressor 
grid of the 6AS6 and mixes with the incoming signals in the 
anode circuit. Since the b.f.o. (which may or may not be 
crystal-controlled) is isolated from the detector circuit, it 
should not affect the a_g.c. level. The I Kohm resistors in the 
anode and screen leads are for isolation. To some extent 
exact values of components will depend on supply voltage, 
and the associated stages. 

T he Beat Frequency Oscillator 

The beat frequency oscillator (b.f.o.), termed for s.s.b. 
reception the carrier injection oscillator (c.i.o.), exercises 
considerable influence on receiver perfom1ance on c.w. and 
s.s.b. signals. Any variation in oscillator frequency will be 
reflected in variation of the a.f. beat note on a c.w. signal, 
and wi ll have the effect of detuning the receiver on s.s.b. 
Since the b.f.o. is tuned to a frequency close to that of the 
receiver's final i.f., it is an easier ma tier to obtain the required 
stability with an L/C oscilJator than for earlier frequency 

conversion oscillators. Nevertheless the requirements are 
fairly stringent , and modern s.s.b. designs tend to favour the 
use of crystal controlled oscillators. 

An output of several volts is required for effective s.s.b. 
reception, but both bannonic output and stray coupling to 
receiver circuits other than the detector stage should be low, 
this calls for effective screening of the oscillator and good 
decoupling, including the heater circuit. The stage should be 
supplied from a stabilized b.t. line. There is some advantage 
to be gained from providing variable coupling to the detector, 
though this is rarely found in practice. 

Fig. 4.42 shows a typical circuit. The variable capacitor C2 
provides a control panel variation of about ± 5 kc/s, the 
knob often being labelled pitch control; the circuit should be 
carefully adjusted so that a: mid-travel of this control, the 
oscillator frequency is at zero beat with the intermediate 
frequency. This permits easy change of a.f. beat note on 
c.w. signals, and provides for simpler adjustment of the 
b.f.o. when receiving s.s.b. Output from the b.f.o. can be 
taken from the cathode. a con"eniently low impedance 
point, to minimize pulling of the oscillator by strong 
signals. 

To permit immediate selection of the upper or lower side
bands in s.s.b. reception two carrier insertion frequcncies
spaced approximately 3 kc/s apart- are useful, since this 
allows the carrier to be inserted on either side of the response 

Cl 
C2 
30 
pF 

Fig. 4.42. Typical b.f.o. circuit usinr an electron-coupled oscillator. 
A hirh value or C1 will help stabilize the oscillator. Cl is the pitch 
cont,.ol. Whe n a b.(.o. is used with a product detector for 1.1,b. It is 

sometimes called a c.i.o. (arrier insertion oscillator). 
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curve. This can be done by using two crystals, one above 
and the other below the i.f. 

An even more elegant system is possible in multi-con
version sets by using two crystals in the linal conversion 
oscillator. For example with a set having i.f.'s of .l ·6 Mc/s 
and 450 kc/s suitable crystal frequencies would be 1J50 kc/s 
and 2050 kc/s. T his has the effect of reversing the sidebands 
and allows the use of an assymmetrical filter. 

AUTOMATIC GAIN CONTROL 

The more r.f. and i.f. stages there are in a superhet receiver, 
the greater will be the available gain and the greater the 
possibility of overloading by strong signals unless this gain 
can be reduced. This may be done manually by altering the 
bias applied to variable-mu valves by varying a common 
cathode bias resistor (there is a tendency in commcrcially
built receivers to use dual track resistors for this purpose with 
differing tapers for r.f. and i.f. valves). Since however, h.f. 
signals are subject to considerable slow and rapid fading, 
it is advantageous for the gain to be controlled automatically 
by the strength of the incoming signal. Tbis can be done 
fairly simply for a.m. telephony signals; the basic circuits 
can also be adapted with some additional complexity for 
c.w. and s.s.b. reception. Jn simple amateur communications 
receivers, automatic gain comrol or a.g.c. (sometimes 
automatic volume co11trol or a.v.c.) may be regarded as a 
luxury rather than an essential. for a poor a.g.c. system is 
often much worse than no a.g.c. at all. 

The basic fwiction of a conventional a.g.c. system is to 
hold the a.f. output from the detector reasonably constant 
over wide variations of signal level. This can be done by 
rectifying a portion of the amplified i.f. sigual to obtain a 
negative d.c. voltage which is then applied as bias lo one or 
more of the earlier stages. An increase in signal at the a.g.c. 
rectifier causes greater negative bias to be developed and so 
reduces overall gain; conversely, a fall in signal causes bias 
to be lowered and gain increases. The application of the 
a.g.c. voltage should be delayed until after the signal has 
reached a level sufficient to provide a good signal-to-noise 
ratio. 

The greater the number of stages controlled by the a.g.c. 
line and the greater the gain within the control loop, the 
better will be the efficiency of the a.g.c. system-that is to 

say, the more constant will be the output for wide vari:itions 
of signal strength. 

lt is not good practice to apply an a.g.c. potential to the 
mixer valve(s), although this is often done in simpler re
ceivers. The efficiency of the mixer is reduced and the change 
in input capacitance with change of operating point can lead 
to pulling of the oscillator frequency. ln receivers with two 
r.f. stages, the first stage may sometimes be operated under 
fixed bias conditions to prevent degradation of the signal-to
noise ratio. 

A typical a.g.c. system is shown in Fig. 4.43. In this a 
portion of the i.f. signal is taken via a capacitor from the 
anode of the final i.f. amplifier to the a.g.c. rect ifier diode 
and a negative d.c. voltage builds up across the load resistor. 
As it is important that no signal modulation should appear 
on the a.g.c. line, the output is fed through one or more 
sections of resistance-capacitance a.f. filters. The values of 
these filter components affect the rate at which the a.g.c. 
system follows the variations in signal strength. The larger 
the time-constant the slower will the a.g.c. respond to signal 
fluctuations. For a.m. telephony a time-constant of the 
order of about 0·2 second is commonly employed. 

When an i.f. valve is controlled by an a.g.c. line, the screen 
is usually fed through a fairly high value resistor (about 22 K 
to 47 K ohms). This ensures that the screen voltage rises as 
tJ1e negative bias to the valve increases and provides a longer 
grid base for the valve. It also reduces the chances of a valve 
being driven into non-linear amplification, which would 
make cross-modulation or blocking more likely. 

There are two main reasons why a conventional a.g.c. 
system, such as that described above, is unsatisfactory on c.w. 
and s.s.b. signals. First, in neither of these modes of trans
mission is there a continuous carrier on which to base the 
a.g.c. action. Secondly, the output from the b.f.o. acts on the 
a.g.c. system as though it were a strong external carrier so 
reducing the gain of the receiver. 

To overcome the absence of a continuous carrier, as in 
telegraphy, the time constant of the a.g.c. system is length
<med so that the gain no longer rises and falls between each 
Morse symbol. The a.g.c. action is then based on the average 
signal received over a given period: whereas a discharge 
time constant of the order of 0·2 seconds is satisfactory for 
a.m. telephony, a more suitable figure for c.w. or s.s.b. is 
about 0·5- 1 ·0 second. The charge time for the a.g.c. system 

Fig. 4f .. 43. TypiCll <Lg.c. syttem and diode demodulator uaed (or a.m. reception. The neptive bi~• i1 u1ed to control the p in of r.(. and i.f 
amplifyin1 1ta1•• · 

4.2.2. 



f 
GRID OF IF STAGE 
~~~~------• HT+ 

IOK 
71< o .. ·1 __ -4 

0 
pF 

O·I 

AGC 
CONTROLLED -+""'V'N'-___. 

STAGES .._~~~'"-~-' 

HT+ ISOV 
STABILIZED 

10 
K 

1501< 

Fir. 4 .+4 (a). Tho use of a separate a.g.c. amplifier and switched time 
constants enables the a.r.c. system to be used for both a .m. and c.w. 

reception. 

should preferably be as short as possible, for example 25 
milliseconds for a.m., 200 milliseconds for c.w./s.s.b. 

The use of a " hang " a.g.c. system, with a brief rise time 
of about 10 milliseconds, a hang time (that is a time before 
any discharge begins in the absence of a carrier) of 400-500 
milliseconds, and a discharge time of about 50 milliseconds, 
can allow the use of the same time constants on c.w., a.m. 
and s.s.b. 

To prevent the b.f.o. from reducing gain, it is necessary to 
screen the b.f.o. thoroughly and then arrange a low level 
injection direct to the signal detector diode but it is difficult 
to overcome completely the effects of stray coupling. A more 
practical system is to feed the a.g.c. diode from an entirely 
separate a.g.c. amplifier, the input of which is in parallel with 
that of the final i.f. amplifier valve: see Fig. 4.44(a). With this 
system the signal for the a.g.c. system is thus taken off before 
the injection of the b.f.o. In some designs the take-off point 
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is earlier and the selectivity characteristics of ll1e a.g.c. system 
are made broader than the main i.f. channel; this permits the 
reduction of gain by strong adjacent-channel signals which 
might otherwise cause splatter or cross-modulation. 

An alternative automatic volume control system which is 
applicable to all types of transmission consists of rectifying a 
small portion of the a.f. signal and using the voltage so 
obtained to control the output of the rcceiver.- see Fig. 
4.44(b). The arrangement in its simplest forms tends to be 
unsatisfactory, however, as it is generalJy necessary to take 
the voltage from a point after the a.f. gain control. A more 
sophisticated arrangement which does not suffer from this 
disadvantage is shown in Fig. 4.44(c). 

S METERS 

A meter which indicates the approximate strength of the 
signals applied to the input terminals is a useful adjunct to a 
communications receiver. It can be used for comparing 
the:strengths of different stations, for observing the results 

of tests on receiver or transmitter aerials, 
forchecki11gt.hedi.rectionalcharacteristics 
of a rotary aerial, and for use as a 
tuning indicator. 

21Ttv Many different circuits have been 

PRI 

developed for this purpose, but all 
depend for tl1eir operation on the voltage 
developed across the a.g.c. line of the 
receiver. Since this bias voltage controls 
the current flowing in one or more i.f. 
stages, the simplest S meter comprises a 
meter of about IO mA f.s.d. connected 
in the anode circuit of one of the a.g.c. 

vi .............. l2Au 7 controlled stag~s. This arrangement 
v2,vJ ..... 6ALS however, provides a reverse-reading 

cs 
O·I 

meter with minimum current indicating 
maximum signal strength. To overcome 
this difficulty a more sensitive meter 
(usually 1 mA f.s.d.) is often connected 
in a bridge circuit with zero-setting 
adjustment, so that a decrease in anode 

Fi~. ~.44 (c). The audio derived "hans" circuit. V1 is a 12AU7 and Vl ,VJ are 6ALS valves. 

current to one or more a.g.c. controlled 
stages produces an increase in current 
flowing through the meter. A simple 
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ANODE.5 OF ZERO S!:TTING 
VALVES ON -----°""'rv--~ 
AGC LINE. 
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Fig. '4.'4S. Basic bridre circuit for a forward reading S meter. In some 
desi1ns, variation of cu rren t t o one or more of the screen a:rid$ of 

th e a.c.c. controlled valves is used. 

form of bridge circuit is shown in Fig. 4.45 but many 
variations are found in practice, mainly intended to over
come the difllculty of obtaining a fairly linear calibration of 
what is essentia lly a logarithmic scale over a wide voltage 
range of the order or IOOdb (volwge ratio of 100,000 times). 

There is considerable advantage in employing a separate 
va.lve to mcnsure the potential developed across the a.g.c. 
line, nncl a recommcn(led circuit using a double-triode valve 
is shown in Fig. 4.46. This is essentially a valve voltmeter and 
can be added :is a smull external unit to almost any existing 
receiver lrnving :111 11.g.c. line. R I is the zero adjustment to 
compensate for different levels of receiver noise. The input 
voltage taken from the receiver a.g.c. line is controlled byR2. 

Tbe calibration scale on a 200 1.1.A f.s.d. meter provides 
adequate spread for the lower S units but also accommodates 
readings up to about 20db over S9. Mid-scale reading should 
be adjusted by R2 to represent about SS or S9, and the scale 
calibration to suit the receiver concerned. The best relation 
between S units and decibel ratios has loag been a matter 
of controversy, and to set up a scale accurately to a pre
determined ratio such as one S point for 6db requires the use 
of a signal generator having an accurately calibrated attenu
ator; but unless the gain of the receiver is approximately 
equal on all bands such calibration will be of limited 
accuracy. For the average amateur, it is probably best to 
regard the calibration of an S meter in terms of purely 
arbitrary units, chosen to suit the actmil equipment and the 
operator's own requirements. For instance, with the unit 
shown, SI could be the minimum signal detectable above the 
noise level and S9 a very strong but non-local signal, with the 
scale divided evenly for intermediate strengths. 

RI soon 

Fie . 4.46. Valve-voltmeter type of S meter. A suitabl~ meter would be 
200 ILA full scale denection. RJ and R4 should be 10 per cent tolerance. 
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A.F. STAGES 

The a.f. output from a diode detector is usually of the 
order of 0·5-1 vol t. A s ingle a.f. amplifier will be adequate 
for headphone reception, but a further stage of power 
amplification will be needed to operate a loudspeaker. Since 
the signal-to-noise ratio is determined in the early stages of 
the receiver, there is little point in providing excessive a.f. 
amplification, though some reserve may be useful to over
come insertion losses if an audio filter (described later) is 
fitted. In practice, the basic circuit arrangements in this 
section of the receiver differ little from those found in 
broadcast receivers, except lo provide for the connection 
of headphones in such a manner that the full output of the 
receiver is not appl ied across them, and the loudspeaker 
muted. For communicat ions purposes there is no need to 
provide a wide a.f. range, indeed any high modulation 
frequencies will normally be removed by the selective i.f. 
stages. It is useful also to restrict bass response, and this can 

INPUT 

2·2K 

":' 

OUTPUT 
..-~~~~~~~~'9--tl~ 

Fig .4.47. A udio filter, usinc conventional components, which employs 
negative feedback to attenuate sirnals other than those ove.r a 

narrow b:ind at about 950 c/s. 

be done by reducing the value of the interstage coupling 
capacitors from ihe conven1ional value of the order of 
0·01 ,,F to about 0·001 ~·For less; this will also help remove 
any traces of mains hum. 

A triode-pentode can conveniently be used to provide 
both a stage of a .f. voltage amplification and power output: 
one example is the ECL86/6GW8. 

The restriction of a. f. response can be carried to extreme 
limits for c.w. receptio n by peaking the response sharply 
between sny, 800 and 1000 c/s, the frequency range selected 
by most operators for telegraphy reception. The design of a 
filter for a passband of only 100- 200 c/s bandwidth on a.f. 
signal offers much less difficulty than one for operation at 
intermediate frequencies. An a. f. Aller is en<:ctive in reducing 
interference to c.w. reception, but should not be regarded 
as a substitute for good i.f. selectivity for the following 
reasons : (a) it is unable to distinguish between the upper and 
lower sideband beat notes and so cannot in itself, provide 
true single-signal reception; (b) being placed so late in the 
receiver, it does nothing to reduce the susceptibility of the 
receiver to blocking. A further disadvantage of a sharply 
peaked a.f. filter is that many operators find it fatiguing to 
listen for any length of time to a single-tone note free of 
harmonics. Where a similar degree of selectivity has been 



achieved in tbc i.f. stages, a.f. harmonics wiJI usually be 
reintroduced in subsequent stages so that the peaking is not 
so noticeable. 

An inductance/capacitance tuned circuit can be used as an 
a.f. filter but the inductor requires a special winding tech
nique if a high Q is to be achieved. Many amateurs use an 
item or~arplus equipment (the type FL8 filter) which is tuned 
to abon· 100 c/s. 

By us·ng frei:tucncy selective negative feedback and an 
extra val :c ' t is possible to construct a sharply tuned filte r 
requiring : d y preferred values of resistors and capacitors. 
Fig. 4.47 s:1..:ws one of the many possible arrangements. In 
the OFF posi tion the nrst half of the double triode acts as an 
a.f. amplifier. With the filter ON the second triode section 
is switched in series with the cathode of the fi rst section, and 
provides considerable negative feedback, :ittenuating all 
frequencies o:her than a small band at about 1000 c/s, the 
precise frequency being determined by the constants of 
the RC network between the anode of the first triode and 
the grid of the second triode. 

The fatigue induced by tuned a.f. fillers can be :ivoidcd by 
providing a sharp upper cut-off frequency. but wi th only a 
gradual attenuation curve for lower frequcn"i~ : this can be 
arranged by using a standard choke or a.f. tr.msformcr as 
the inductive element. A typical arrangement is ~hown in 
Chapter 16 (Mobile Equipment). 

In the section on Q multipliers, it was explained that a 
sharply peaked filte• can be used either to provide a narrow 
response curve or arranged so that it results in a sharp re
jection notch. This principle can be applied equally at a.f. 
and forms the basis of a "selectoject " (select o r reject) 
filter though this is now rarely used. 

N oise Limiters 
The h.f. range, particularly above about 15 Mc/s, is 

susceptible to electrical interference from car ignition systems 
and electrical appliances using commutation, vibrating con
tacts or any other mechanism whereby electric sparks, no 
matter how minute, are created. The signals radiated-or 
carried along electric wiring- from such appliances arc in the 
form of high amplitude, short duration pulses covering a 
wide range of frequencies. In many urban districts, these 
interference signals set a limit to the usable sensit ivi ty of a 
receiver. 

Because the interference peaks, though high, are of ex
tremely short dura tion, a considerable improvement can be 

. J 

.. CRlt:1 . :JCR2 .. 
INPUT OUTPUT I f tl --+ -

.. .. 
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Fig. 4.48. Simple a.f. peak limiters. (a)Westector m otal r ectifiers can 
be used without back-biasing potentials to provide suitable limiting 
for headphone reception. (b) The effectiveness of this l imi ter with 
cr ystal or metal r ectifiers is governed by the setting of the variable 

resistor. 

H.F. RECEIVERS 

Fis . 4.49. Positive and neaa.tive peak liniiter th.at can be built in to a 
receiver. The de1ree of limiti n1 is determined by the settin1 of the 

10 K ohm.t potentiometer. 

obtained by clipping or .. sl icing " all sigoals which are of 
appreciably greater amplitude than the desired signal. This 
can be done by relatively simple a.f. limiters as shown in 
Figs. 4.48 and 4.49. Alternatively the noise pulses cao be 
used to provide a fast-acting biasing pulse used to reduce 
momentari ly tho receiver gain. During tbe period of the 
noise pulse, the output of the desired signal will also be 
reduced but this is of little practical consequence, since the 

Fie;. 4.50. ThiJ t-ypc of automtitic: noise limis :>r is most s uited to "Lm. 
teh.ohony rcoeption. The noise pulses pr , vide fatt· act i ..... biu ing 

pulses which cut off si&n"'I output ( 1rinc noite peaks. 

ear i~, m•Jch Jess disturbed by " ho!Gs of silence" than by 
pea.ks of noise. A number of effective noise limiters of this 
type han: been developed, a nd a typical circuit is shown in 
Fig. 4.50. 

Unfortul\'1tely, since the noise pulses contain appreciaele 
high frcquc.1cy components, t he effect of passing these 
pulses throu1;h highly selective i.f. stages will be to distort the 
pulses, and th 's will render noise limiting much less effective 
on communb tions receivers than on a wideband receiver 
such as those u~:xl for television rcceptioo. T o overcome this 
difficulty. noise: hmiling systems have been develo~d which 
derive the cut-ofT or blanking bias from noise pulsel! which 
have not passed through the receiver i.f. stages but arc 
received on a broad-band fixed tuned receiver. Such sy~tems 
however arc fairly ..:omplex and to date have been used only 
in conjunct.ion with claborn tc factory-built equipment. 

The commonly used series and shunt limiter of the 
Dickert type, whilst very effective on a.m. signals when 
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Fie. 4.51. Variable pemk limiter suit able for ;oll types of s i1nals. This 
is an al ternative arranaemen t of the type shown in Fig. 4.49. 

following a diode signal detector, is not suitable for use on 
s.s.b. or c.w. nor to follow a detector of ano ther type. 

Separate dcmodulntors are often employed for s.s.b./c.w. 
and a.m. and it is convenient to place a noise limiter in the 
audio input to the fi rst a.f. amplifier. An arrangement which 
is known as the variable peak limiter, will permit the clipping 
of both negative a nd positive hnlf cycles is shown in Fig. 4.51. 
This limiter is no t an automatic following type but is manually 
adjusted by the panel mounted control. Correct operation 
of this contro 1will be obtained by adjusting the values of the 
resistors on either s ide of the potentiometer so that all output 
is removed at the fully clockwise position. 

A number of additional practical circuits for various forms 
of noise limiter can be found in Amateur Radio Ted111iq11es 
( RSGB) and in the Amateur Radio Circuits Book (RSGB). 

POWER SUPPLIES 

H.F. receivers for use in the home station are normally 
designed for operation from the a.c. mains supply using 
a double-wound transformer to provide 6·3 or 12·6 volts 
for the valve heaters, and full-wave rectification to give 
an h.t. line of 200-250 volts. The current ratings will 
depend on the number of 
stages and the valves used, 
and it will be most advan
tageous to have available 
reasonable reserves for opera
tion of associated external 
units such as pre-amplifiers 
and converters. The rectifier 
valve and mains transformer 
should be most generously 
rated to avoid excessive 
heating with continuous 
operation, particularly in 
the tropics. 

LI 
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750mA 

OP 
SWITCH 

cause of hum. The home const ructor who may not wish to 
incorporate accurate thermal compensation of oscillator 
circuits or magnetic screening will often find it a decided 
advantage to place the power pack in a completely separate 
unit. 

A great reduction of heat is possible by usiog silicon 
power diodes rather than a rectifier valve. Suitable silicon 
diodes are readily available and their use is recommended 
for all sets in which the power pack forms an integral part of 
the receiver. Where silicon diodes arc used some pre
cautions will usually be necessary to avoid the effects of 
mains over-voltage transients and switch-on inductive 
surges; this question is considered in greater detail in 
Chapter 17-Power Supplies. 

Apart from those stages for which closely regulated h.t. 
supplies are required (oscillators, mixer screen supplies), the 
actual value of h.t. is not critical. Provided the power pack 
is nm well within its capabilities, sufficient regulation will 
usually be provided by the load imposed by the receiver. An 
h.t. rail of 150 or 200 volts, instead of the more common 250 
volts can materially reduce heat genera ted in the receiver. 

Heater voltage is more critical; poor performance or 
short valve life can often be traced to under- or over-running 
the heaters. Constructors should ensure that the heater 
voltage-measured at the valveholders- is within 5 per cent 
of the nominal voltage (that is, within the range 6-6·6 volts 
for a nominal 6·3 volt supply). 

The circuits described in this chapter are intended for use 
with double-wound mains transformers, which completely 
isolate the chassis from the supply mains, with heaters con
nected in parallel and operating a t 6·3 or 12·6 volts. Some 
economy is possible by using what is known as a.c./d.c. 
technique-widely employed in broadcast receivers- in 
which the mains transformer is omitted and the valve heaters 
connected in series. This is necessary for operation from d.c. 
mains, and is sometimes used in competitively-priced, 
factory-built communications receivers. However, it requires 
one s.ide of the supply mains to be directly connected to the 
chassis of the receiver, and stringent precautions are neces
sary to avoid risk of shock. I t is strongly recommended tbat 
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Although it is the practice 
in most commercial designs 
to accommodate the power 
pack on the receiver chassis, 
it represents a major source 
of heat and can produce 
stray magnetic fields around 
the transformer and smootJ1-
ing choke which can be the 

Fig. -4.52-. Typical receiver power s upply incorporatin& refinements dcsir-a.ble! w it h 
hlth rain communications receiver1. 
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a.c./d.c. teclrniques should not be used for home-constructed 
amateur receivers or for modified equipment. 

A typical receiver power supply circuit using a rectifier 
valve is shown in Fig. 4.52. The mains filter connected on 
the input side of the mains transformer is useful in preventing 
electrical interference and r.f. currents from entering the 
receiver. R.F. chokes LI and L2 must be capable of carrying 
the receiver mains current without heating (0·5 amp rating is 
usually sui table), and the filter capacitors should be rated to 
withstand 300 volls a.c. (see page 4.36). These components 
should preferably be mounted close to the mains transformer, 
or alternatively in a separate screened and earthed metal box. 
Protective fuses in the mains input circuit and also in the 
h.t. circuit are advisable. An indirectly heated rectifier valve 
is preferable to avoid h.t. being applied to the receiver before 
the valves have warmed up. Surge limiting 20 ohm resistors 
limit the peak current through the rectifier. The smoothing 
choke should be very adequately rated, and of the order of 
15 to 20 Henrys. An average receiver will require about 80 to 
100 mA (small receivers with headphone output much less) 
and it is useful to design the power pack to supply about 
120 mA, leaving a reserve for the operation of external 
converters and other devices. 

A stabilized voltage rail is required for the oscillators and 
lhis is normally obtained by means of a voltage regulator 
tube. Calculation of the value of the series voltage resistor to 
provide the necessary voltage drop while maintaining, in all 
operating conditions, the minimum current of the regulator 
tube, is discussed in Chapter 17-Power Supplies. To 
provide low operating temperatures this resistor should be 
very generously rated. 

If, with a well-smoothed supply, there is still some residual 
mains hum, it may prove advantageous to use a heater supply 
balanced about earth. This can be done by means of a 
centre-iapped heater winding on the mains transformer (or 
by two equal low-value resistors across the winding with their 
junction connected to earth). All leads in the receiver carry
ing a.c. (heater, pilot lamp and a.c. primary wiring) should be 
twisted and routed away from grid circuits: a .c. loops should 
be avoided (see Fig. 4.53). Occasionally hum may be intro
duced by electronic conduction between cathode and heater; 
this can be overcome by putting a positive bias of about 
50 volts on the heater line rather than connecting this to 
earth. 

Standby Switching 

When a communications receiver is located immectiately 
adjacent to a transmitter, it will usually be severely over
loaded when the transmitter is radiating. Most receivers 
therefore incorporate a ST,\i'IDBY or SEND/RECEIVE switch to 
mute the receiver during transmission periods. In some 

WRONG CORREC T 

Fie. 4 .53. Incorrect heater wiring ean leave a loop under the valve 
holder which could increase hurn level. The correct method of 

he.ater wirinc is shc.wn on the riaht. 
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Fig. 4.54. Varia ble sensit ivity st2ndby control which facili t>teo 
monitorina of outaoinc 1ic nal1 from the tr-an1mitter. In the standby 

position extra. bias is applied to the r.f. and i.f. 1n.1e1. 

receivers this takes the form of a switch in the main h.t. 
line, though this may lead to cathode poisoning of the valves 
unless a resistor is connected across the switch to permit the 
valves to continue operating, but with reduced tu. This 
system is not recommended practice for high performance 
receivers as it produces a thermal change in the operating 
conditions of the h.f. oscillator, causing possible drift during 
operation. A preferred method is to increase substantially 
the bias applied to the r.f. and sometimes the i.f. valves during 
transmission periods. This can be done by switching in an 
additional pre-set cathode bias resistor, set to the level at 
which the receiver will provide useful monitoring of the 
transmitter (Fig. 4.54). Alternatively, the additional bias can 
be supplied from a negative voltage supply or from an ex
ternal negative potential, such as is provided for receiver 
muting in break-in control systems. 

TRANSISTORIZED RECEIVERS 

During recent years, high grade communications receivers 
based entirely on semiconductors have become avai lable aud 
are increasingly used in the commercial communications 
field. They offer the advantages of compact size, greater 
reliability, less change of characteristics with age, and low 
power consumption permitting optional use of batteries. 
Not only are semiconductors significantly more reliable than 
valves, but the associated low operating voltages and reduced 
beat make for increased reliability in the other components. 
The small size of semiconductor devices makes feasible more 
sophistica ted circuitry; for example, the use of various forms 
of stabilized oscillators or frequency synthesizers, and com
plex a.g.c. techniques. 

Such receivers can have a performance every bit as good 
as o r better than the best valve designs; but high perform
ance can be achieved only with careful and knowledgeable 
design, and in some respects calls for considerably greater 
complexity. For example one compact general-purpose 
commercial receiver (the Plessey PR155) uses no less than 
160 semiconductor devices. 

ln general, while transistor communications receivers of 
medium performance can be achieved rather more easily 
and with fewer constructional problems than for a com
parable valve receiver, really high grade transistor sets 
tend to present great difficulties, and must be considered an 
advanced project. In practice the majority of domestic 
amateur receivers continue to use valves, though there are 
many occasions when a " hybrid " approach- that is the 
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mixing of some valves wi lh transistors represents a currently 
attractive solution (for example, a built-in crystal ca.librator 
or sideband selection crystal osci llators can be more con
veniently designed around transistors). When mains supplies 
are not available as in mobile operat ion, the attractions of 
semiconductors arc overwhelming. Where a unit is to be 
formed basically around semiconductors but valves are 
required for say the front-end, an attractive solution is to use 
the small Nuvistor valves. 

The main problem wi lh readily available conventional 
transistors is that of achieving a really wide dynamic range 
of the front-end and i.f. stages needed to handle both very 
weak and very Strong signals without introducing various 
forms of cross-modulation and blocking. This is in part 
because there is no near equivalent bipolar transistor to the 
variable-mu pentode valve. This makes it difficu lt to obtain 
really effecl ive automatic gain control and good mixer 
characteristics unless unipolar devices such as the various 
forms of field effect transistors (FETs) mentioned below are 
used. 

Other problems include: 
(a) Increased circuit loading due lo lower input imped

ances. 
(b) Feedback capacita nces that may require neutralizing, 
(c) The variation o f semiconductor characteristics with 

temperature. 
(d) The fact that, unless prolection circui ts are fitted, 

transistors can easily be damaged or destroyed by 
large input voltages due to static build-up on the 
aerial, o r impulse interference from a nearby trans
mitter. 

(e) The greater characterist ics spread between devices 
bearing the s.1mc type number than is usual with 
valves. 

(f) And the need lo pay greater attention to accurate 
impedance matching through all stages of the 
receiver. 

While this may seem a formidable lis l, in fact most of the 
problems arc being overcome or avoided with current types 
of semiconductors. Silicon devices can withstand i.rreater volt
ages and arc less susceptible to temperature than germanium 
devices (though they tend to be a little noisier for equivalent 
structures). Devices intended for forward rather than reverse 
a.g.e. allow improved a.g.c. characteristics without intro
ducing cross-modulation. Anot11cr development which is 
already affecting the design of the front-end of h.f. receivers 
and converters is the low-noise junction-gate field effect 
transistor. Various special forms known as IGFETs 
(insulated gate field effec t transistors), MOSTs (metal oxide 
semiconductor transistors), and the more recent dual-gate 
lGFETs (combining the equivalent of two valves and thus 
suitable for use in cascode circui ts) arc also likely to have a 
profound effect on design. 

These unipolar devices have high input impedances and 
characteristics which make them less susceptible to cross
modulation; in this respect they arc nearly equivalent to 
variable-mu pentodc valves. Because thei r characteristics 
are nearly square-law, they can act as extremely efficient 
low noise mixers. At the time this edit ion is being prepared, 
the prices of the various forms of field effect transistors are 
appreciably higher than more conventional bipolar tran
sistors but even these prices have dropped to a level where the 
use of FETs should be seriously considered for the front-ends 
of receivers. 
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Front-end dynamic range with conventional lransistors is 
a formidable problem, I hough by use of attenuators between 
the aerial and the first stage, or by additional local a.g.c. 
loops (sometimes used in conjunction with a voltage-con
trolled transistor stage) arld the use of forward a.g.c. 
receivers can be designed to handle even wider dynamic 
ranges than are norma.1 with valves. 

Development in the semi-conductor field is very rapid 
and the next few years are likely to produce devices which 
will revolutionise receiver design. Prices of newly developed 
components are usuaUy prohibitively high but fall rapidly as 
production techniques improve. 

The Field Effect Transistor 
As a.lready mentioned, the unipolar field effect trnnsistor 

and associated devices have emerged as a most important 
device for h .f. and v.h.f. receivers and converters. They 
offer substa ntial advantages over the more usual bipolar 
transis tors in allowing r.f. stages and mixers to handle an 
appreciably wider range of signals without introducing 
cross-modulation. Also eliminated a re those problems of 
transistor design which arise from lhc lower impecfanccs o f 
bipolar transistors, and their being voltage ralher than 
current operated devices. 

A unipolar device is simply one in which only one kind of 
majority carrier is involved (in contradiction to bipolar 
devices in which the basic action depends upon both majority 
and minority carriers in any given device). 

Fig. 4.55 is a diagrammatic representation of the FET, 
from which it will be noted that the carriers flow in a narrow 
channel between source (s) and drain (d) with the flow 
determined by the field (that is the voltage) applied to lhe 
gate (g). The action is thus voltage controlled and is closely 
analogous to the valve, but since the carrier can be either 
holes or electrons the control voltage may be positively or 
negatively biased according to whether the device is a 
p-channel or 11-channel device (rather like the difference 
between a p-11-p or 11-p-11 transistor). For those who think in 
terms of valve operation, the gate roughly corresponds to 
the grid, the source to the cathode and the drain to the anode. 

Iu the application of bias potentials to the gate, 1he 
polarity of the biasing voltage will clearly depend upon 
whether a p-channel or 11-cha11J1el device is being used; in the 
case of ihe TGFET there is a further difference between 
depletio11-111ode and e11lta11ce111e111-111ode devices. An IGFET 
device having appreciable charuiel conductance with zero 
gate bias, and which is then reverse biased to reduce drain 
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Fig. 4.S6. A •inclc-FET receiver. 

current and hence amplification is termed a depletion-mode 
device. However IGFET devices arc more commonly 
designed to utilize an enhancement mode, in which under 
zero bias there is litt le channel conductance but which can 
be for.vard biased to increase the control current. 

Junction-gate FET's arc always reverse-biased as in the 
depletion-mode IGFET. 

Because of the extremely high input impedance of 
IGFET'S, considerable care must be taken when handling 
the devices to prevent the build-up of static charges which 
can puncture the insulated layer. Shorting wire or foil 
should be kept wrapped around leads of devices whenever 
possible when out of circuit, and always during storage. 
Wben the shorting wire is to be removed, hold the leads 
between the finger and thumb of one hand to provide a 
leakage path. Never allow a gate lead to float since there is 
then no bleed path for static electricity. Junction-gate FETs 
are less susceptible to this form of damage, but even so 
reasonable precautions should be taken. 

The input impedance between gate and source is very high 
(extremely high in the case of the IG FET), and the devices 
can be used in circuits which are almost exact low-voltage 
equivalents of valve circuits. As an amplifier the FET can 
be used in the common-source configuration (similar to the 
P:rounded-cathode valve circuit) or as common-gate (similar 
to the grounded-grid), and there are some advantages in the 
use of common-gate amplifiers on v.h.f. and u.h.f. 

The IGPET/MOST is, for practical purposes, similar to 
the h.f. junction-gate devices but have an additional insir
lated layer interposed between gate and channel, resulting 
in extremely high iJ1put impedances, but making it rather 
easy to damage a unit by static voltages up to the stage 
where it is safely wired in to circuit having bleed resistors. 

A problem with currently available FET devices is the 
wide production spread of characteristics, and this will often 
make it necessary to select the biasing resistor to suit an 
iuclividual specimen; this however need present no great 
difficulties to the constructor of single units. For many 
stages, a technique is to include initially a IOK ohms 
potentiometer set at maximum resistance iu the source lead 
in the place of the bias resistor, and then to apply power and 
reduce the source resistance gradually until the required 
drain current is obtained. T he potentiometer is then 
removed, its value measured, and replaced by a fixed 
resistor of the closest corresponding value. 

Th-:: slope of the FET characteristic depends upon the 
operating point, as in a variable-mu valve. Square-law 
characteristics mean that this slope varies linearly with the 
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bias, gradually decreasing as the device goes towards its 
cut-off point (in this case called the pi11cli-off voltage) 
rather like the variable-mu pcntode. This characteristic 
means that the device will have relatively little difference in 
noise performance when used as a mixer as it has as an 
amplifier, apart from its value in providing good a.g.c. 
These devices have lower susceptibility to temperature 
variation than bipolar transistors, a feature making them 
attractive as oscillators. 

The relatively high input impedance implies that good 
pre-selector selectivity can be obtained, since the compro
mise between power transfer and Q necessary with bipolar 
transistors docs not arise. It should be noted that although 
an PET amplifier is an appreciably higher impedance 
arrangement than one with bipolar transistors, this does not 
mean that the source impedance must a lways be very high. 
For example at 100 Mc/s the optimum input impedance for a 
common source 2N3823 junction-gate FET is about 1000 
ohms, and in the common-mode configuration about 300 
ohms. 

Representative of junction-gate FETs suitable for ~.f. 
receiver applications arc the 2N3823 a nd lower-cost devices 
such as the 2N3819, 2N4223, 2N4224 and TIS34. Suitable 
h.f. amplifier arrangements are the neutrode (single neutra
lized device in common source configuration), the cascodc 
(two devices or single dual-gate unit), and for u.h.f. the 
unneutralized common-gate configuration. 

FET Applications 
Although it would be possible to use FETs for many 

receiver stages, the additional cost means that in practice 
these devices are usually fitted only in the r.f. stage(s), 
mixer and less frequently, as oscillator or in i.f. stages. 

Fio'. 4.56 shows the simplc.~t possible arrangement using a 
sing!~ junction-gate FET as a regenerative O-V-0 type of 
receiver; this can give results comparable to an equivalent 
valve receiver which it so closely resembles, though such a 
receiver would be of limited use for amateur working under 
modern conditions. 

An experimental front-end using two junciion-gat.e 
FETs and a bipolar transistor oscillator is shown in Fig. 4.57. 
This circuit is based on a design by G3UMP intended to 
cover about JO to 30 Mc/sand to provide a.n i.f. output on 
1·6 Mc/s. 

Tl1e square-law relationship between transconductance 
and drain current makes FE.Ts and IOFETs attractive for 
such applications as product detectors and as balanced 
mixers. 

A further problem with semiconductor front-ends is the 
need to provide protection from extremely strong signals 
from the station transmitter or static charges built up on the 
aerial or other forms of impluse inference. Crystal diodes, 
connected back-to-back across the first tuned circuit, can give 
useful protection ; and silicon transistors arc less susceptible 
than germanium types to damage from this cause. 

Transistor R.F. Stage 

The design of an h.f. receiver is always a compromise 
between minimum noise figure, minimum spurious responses 
and minimum cross-modulation or blocking. Low noise 
means high gain before the mixer; m inimum spurious 
responses require a number of tuned circuits before the (first) 
mixer (or alternatively carefully designed wideband filters); 

4.29 



RSGB-RADIO COMl\'IUNICA TION HANDBOOK 

+9V 
IK 

,/300pF 3-30pF 300pF / 
--------------~-----------------------------------------_.. 

-vc 

APPLY AGC HERE IF REQUIRED RESISTORS MARKED • DEPEND ON 2N3819 

Fir. 4.57. Circuit of the GlUMF FET front end. 

low cross-modulation, on the other hand, requires the least 
possible gain before the mixer. 

Since external noise limits usable b.f. sensitivity, ex
tremely low noise is much less important than on v.h.f., and 
a noise figure of say 6-lOdb is quite adequate. This can be 
achieved readily with modern transistors. In the absence of 
a variable-mu device, a stepped attenuator between aerial 
and the first transistor is important, unless this stage is 
protected by a local a.g.c. loop in which the control charac
teris tic is derived from the signals present in this stage, 
rather than, as in conventional a.g.c. those present after the 
selectivity response has been shaped. Germanium devices 
have better noise performance than silicon devices, but 
sulTicicntly low noise can be achieved with both types. 

Feedback capacitance between input and output signals 
may require neutralization, although this may not be needed 
if the device is operated well below its upper frequ ency 
limits. An alternative approach, which effectively eliminates 
the need for h.f. neutralization, is the transistor cascode 
circui t. 

As already stated the provision of really good a.g.c. is 
more difficul t with transistors than with valves; in practice 
both reverse and forward-acting a.g.c. techniques may be 
found. 

Reverse n.g.c. is a term applied to a transistor amplifier 
which is gain-controlled by holding the collector voltage 
relat ively constant and changing the bias current and 
hence collector current through the device. It is thus close 
to the technique used with valves, except that gain is current 
rather than voltage controlled. A disadvantage is that the 
linearity of the amplifier is reduced, increasing susc.eptibility 
to cross-modulation; for this reason use of the system is 
deprecated for high-performance receivers. 

Forward a.g.c. is an increasingly popular system in which 
the collector-base (or collector-emitter) voltage is made to 
vary in accordance with collector current, the gain being 
directly dependent upon voltage across, and current through, 
the transistor, The usual technique is to include a resistor in 
the collector eiret1it so U1at the collector voltage falls with 
increasing emitter current. 
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Transistor Mixers 

Any non-linear device can be used as a mixer, and a 
transistor can be operated as a mixer by applying an oscil
lator voltage to the emitter circuit and the incoming signal 
to the base circuit; alternatively both signals may be applied 
to the base circuit. Mixing results from the non-lineari ty 
between collector current and base-emitter voltage. It 
should be noted that the optimum oscillator voltage is much 
less than that required for a valve, about 0·1 volt peak. In 
effect the oscillator signal modulates the non-linear im
pedance of the emitter-base diode. Since tlie r.f. signal is also 
present the usual swn and difference frequencies are pro
duced, and amplified by transistor action. 

In the majority of small broadcast transistor rece ivers a 
single transistor functions as a combined mixer/oscillator 
using what is termed the additive seif-osci/lati11g arrange· 
meat. The transistor acts both as a commmon-emitter mixer 
and also as a common-base oscillator. To obtain ready 
oscillation when the receiver is first switched on, the bias is 
chosen so that the oscillator circuit is initially biased for 
class A operation; subsequently rectification of the oscillator 
voltage at the emitter provides additional bias current, 
driving the transistor into class B operation. This helps to 
stabilise the amplitude of oscillation, providing a more equal 
pcrfonnance over the tuning range; in some sets a germanium 
diode is connected across the collector feedback coi l to limit 
oscillator output and so prevent blocking oscillation. 

While this type of circuit can be used in amateur-band 
receivers (particularly for the lower frequencies), there are 
a number of advantages, including reduction of oscillator 
pulling, in using a separate transistor as an oscillator. 

Conversion gain of a transistor mixer is defined as: 
l.F. power available at the mixer output 
R.F. power available at the mixer illplll 

Conversion gains of 20-25db are typical. 
Transistors used as mixers should have efficient emitter

base diode characteristics; low emitter ioput capacitance; 
and good power gain at the intermediate frequency. 
Although a transistor can be used as a mixer with a separate 
oscillator up to about twice its alpha cut-off frequency 



(fa), it may be advisable, in order to keep the noise figure 
low, to use transistors with an alpha cut-o!T frequency some 
six or seven times the maximum frequency of oscillation. This 
implies the use of a transistor with an fcx in the region of 
200 Mc/s for an h.f. receiver with a maximum operating 
frequency of 30 Mc/s. 

Noise figures of J 7db at 30 Mc/s arc representative of a 
good low noise mixer. Since this is well above the optimum 
noise figure (6-lOdb) it shows the need for pre-mixer r.f. 
amplification. But in view of the possible poor cross
modulation and blocking characteristics of mixers it 
is always advisable to aim at the lowest possible mixer noise 
in order to reduce as far as possible the need for pre-mixer 
signal amplification. A measure of negative feedback applied 
to the mixer (for example the inclusion of a low-value, un
bypassed emitter resistor) can improve cross-modulation 
characteristics but at some degradation of rhe noise charac
teristics. 

For high performance it is thus important to limit the 
signal applied to the mixer, either by an aerial attenuator or 
efficient a.g.c. on the r.f. ampli fier. A form of semiconductor 
mixer which appears to offer considerable advantage where 
the loss of conversion go in is not important is the diode ring 
balancelf modulator using four crystal diode.~; this can result 
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in significantly improved intermodulation and blocking 
characteristics, and reduction of spurious signals. This 
technique can be applied to receivers throughout the m.f., 
h.f. and v.h.f. range; for optimwn noise performance on h.f., 
it requires pre-mixer r.f. amplification of the order of 20db 
on the weakest signals. (See Fig. 4.16.) 

The optimum approach is almost certainly the use of field 
effect devices which have near ideal square-law character· 
istics making them inherently more suitable for this applica
tion than either transistors or diodes. 

Transistor Oscillators 

In terms of frequency and amplitude stability, transistor 
oscillators vary from very bad to very good. Transistor 
characteristics are both temperature and frequency depen
dent, impedances tend to be much lower and also contain 
reactive components. To obtain really good stability these 
points must be taken into account. 

With a tunable oscillator, the resonant circuit should be 
of high Q and arranged so that as little loading i1s possible 
is imposed by the transistor. This means that the tuned circuit 
is isolated as far as possible from the effects of changes in 
transistor characteristics caused by changes of supply 
voltage and/or temperature. The d.c. opcrnring point or !he 
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(d) 
Fig. 4~58. (a ) Simplified c-ircuit of input r.f. amplifier circuits showing t he type of precautions which may be advisable includina a stepped 
attenuator, back.to-back biaaed cryual d iodes to provide protection again.st loa.I t:n.nsmitters and (Cy, RJt) unilaceralh;ed 11 neutr:ili z:ttion." 
(b) Cascode r.f. amplifier for operation up to JO Mc/s. Typical transistors AF114, lG41'4, N eutrati1ation is unnecessary. (c, d ) N··channel 
field effe<:t transistor·• such a1 the 2 N l813 offer <lppreciable advantaee5 for low cros:5 modulation, low noise r.f. amplifier a nd mixers. W ith 
very hiah input impedances, the circuitt closely resemble t.hose found in valve pract.icc.. A typical r.f. amplifier it shown a t (c) and an FET 

mixe.r in (d). The various form• o f FETt, MOST• and IG FETs may prove: valuable for the front·ends of communic.ation receivers. 
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transistor should be stabilized. si11ce a1ty variation may 
affect the output frequency and waveform. 

To overcome the problem of low impedances, the tuned 
circuit should be either of extremely high C, or the transistor 
connected to a tapping (or step-down windjng), or via a 
capacitive potentiometer. Input impedance of the transistor 
can be rrused by the use of the super-alpha pair (Darlington 
compound) connection with two transistors. Capacitive 
potenriomcter and super-alpha techniques have both proved 
very successful in transmitler v.f.o.s. A degree of stabiliza
tion of the emit1er current can be obtained by feeding the 
oscillator stage from a relatively high supply voltage through 
a high value resistor. 

Some authorities suggest that a transistor with the highest 
possible/ .. characteristics should always be used in a variable 
oscillator; but, provided that the/« is high enough not to 
cause reduced output at the highest operating frequency, this 
precaution appears 10 have less effect than is sometimes 
suggested. 

Many of the steps required to improve oscillator stability 
tend to reduce output a nd a buffer stage may be needed; this 
can conveniently be a common-collector circuit with a low 
impedance output taken from the emitter, with the signal 
injected into the emitter circuit of tile mixer stage. 

Transistor oscillators :ire considered in greater detail in 
Chapter 6- H.F. Tm11s111itters. 

·t O•I 
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Integrated Circuits 
The increasing availability of low-cost monolithic semi

conductor integrated circuits (SlCs) is likely to have a 
growing influence on h.f. receiver design, not only in the use 
of devices intended specifically for linear circuits (r.f., i.f. 
and a.f. amplifiers) but also in the adaption of SICs origin
ally intended primarily for digital (two-state) circuits but 
which can often be used as linear amplifiers at low signal 
levels, utilizing the differential amplifiers often incorporated. 
With the aid of integrated circuits, it will be possible to tackle 
complex equipment more cheaply, more quickly and with 
more certainty of achieving satisfactory results. 

The integrated circuit can be considered as a group of 
active devices (transistors, diodes, field effect devices) and 
passive components (resistors and capacitors), and all 
necessary interconnections to form complete circuit networks 
packaged into one unit. Tn practice, these building blocks 
will normally be used with external conventional components 
for such applications as commurtications receivers. 

In practice, two rather different forms of integrated 
circuit have been developed, plus some " hybrid " forms in 
which these techniques a rc combined together. The main 
groups are thin- and thick-fi lm !Cs and semiconductor lCs 
(SICs). In thin-film form, the connections, resistors and 
capacitors are deposited on insulated substrates such as 
ceramic or glass; the active devices are at present usually 
attached separately. Devices such as transistors which arc 
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manufactured separately and then attached to the sub
strate are often in a special form known as flip chips. In the 
case of thick-film units, the basic unit of the thickness of the 
film is of the order of 0·001 in. instead of the few hundred 
Angstrom units of thin films. 

The SICs fall into two main categories. Jn m11/tic/1ip or 
chip form, the individual components arc produced on 
separate pieces o f semiconductor material, :- ncl then 
assembled into a single package. On the other band, the 
1110110/itltic SIC (the type in which price reductions ha•1e been 
most significant) is entirely fashioned out of a single )liece of 
semiconductor material, with all components, devices and 
interconnections and isolations formed within one tiny slice 
of the semiconductor. This is usually done by various 
diffusion planar processes; since planar techniques arc easier 
with silicon than with other semiconductor materials, this is 
usually the material involved. The only addjtions are the 
leads brought out to connect the SIC into circuit. 

The device is often referred to by the type of package in 
which it is enclosed: this is often the T05 metal can origin
ally developed for transistors the corresponding epoxy 
encapsulation, a rectangular flat-pack, or the dual in-line 
form in which the leads are bent to facilitate assembly on 
printed boards. 

The SIC is not simply a module containing a large number 
of components but a complete circuit network having a 
finite number or leads brought out, so lhat there is a limited 
number· of uses to which any particular device can be put. 
Since there are limitations to lhe component values which 
can be readily achieved, the use of integrated circuits lends 
to lead to a rather different approach to circuils in general. 

F or instance, a high value resistor or large capaci tance 
takes up much more of the basic silico11 slice area than does 
a transis~or, so that it may often be preferable to use n whole 
series of transistors just to avoid the need for n single 
resistor .. Typically it may be worth designing a ci rcuit using 
five transistors just to eliminate the need for a single 47K 
ohm resistor, and capacitors impose even heavier penal ties 
in slice area. 

Most of the low-cost integrated circuits thus conWin quite 
large numbers of transistors and diodes, but the resistor 
and capacitor values arc kept as low as possible. T here is no 
easy way of incorporating induclors within an Sl.C, and 
these are normally added in the external circuit, or eliminated 
altogether by, for example, the use of d.c.-coupled sragcs in 
i.f. amplifiers, following a single highly selective filter. 

Many low-cost units can be readily used in multivibrator 
circuits, .and this provides a satisfactory form of crystal 
calibrator arrangement. Another useful application is as a 
product detector or as an i.f. amplifier. 

The incorporation of microelectronic devices in amateur 
receivers is unlikely to lead directly to substantial reductions 
in size or weight since many of the more bulky components 
cannot readily be integrated; there arc also limi ts to equip
ment size imposed by the need for control knobs, dials and 
switches. They do however offer considerable scope for 
using more complex circuitry without increasing size, con
structional complexity, power drain and cost. Their ulti
mate appeal will be on grounds of price, convenience in 
construction, and reliability in operation. 

An important consideration is that more predictable and 
reproducable results become possible. For example, one of 
the inherent advantages of housing a complete circuil net
work in a metal T05 can is better stability. Such common 
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problems as regeneration in i.f. stages should be appreciably 
reduced. 

For the amateur constructor, it will often be a matter of 
using a few integrated circuits for particular sections of a 
receiver, most of which \viii continue to be based on indi
vidual (djscrete) components and semiconductors, but with 
ICs gradually taking over more and more of the total circuit. 

CONSTRUCTION 
The performance and reliability of an h.f. communcations 

rcx:eiver are governed as much by the choice of components 
and by the care taken in construction as by the basic design. 
Mechanical as well as electrical considerations must also 
receive attention. 

The chassis layout is of particular importance in keeping 
r.f. and i.f. wiring shon to minllnize losses and stray coupl
ings. In a multj-valve receiver, tbe layout should be arranged 
so that the main signal path follows logically through stages 
placed adjacent to one another. For most band-switched 
receivers, the placing of the coil pack, wavechange switching, 
ganged tuning capacitors and associated valves is decided 
fi rst, usually occupying the main central part of the chassis; 
once this is fixed the layout of the remainder of tbe stages can 
be determined. Components and valves likely to run at high 
temperatures-particularly h.t. rectifiers and the a.f. output 
valve-should be placed as far as possible from tbe oscillator 
tuned circuits and other heat-sensitive components, or 
located in a separate unit. Adequate velltilation should be 
provided to keep operating temperatures as low as possible 
to reduce the time and extent of warming-up drift. The 
chassis material should be the heaviest gauge available in 
order to obtain maximum rigidity. If a completely rigid 
chassis is not obtainable, it may prove advisable either to 
reinforce the chassis or to mount the entire tuning section on 
a floating sub-chassis mounted on rubber grommets. 

Screening is also important. In some instances for the 
second and third oscillators in multi-conversion receivers 
and the b.f.o., complete screening of the stage with an 
aluminium can may be advisable. For most other circuits, 
sufficient screening can be provided by an 18 s.w.g. (0·048 
in.) brass or aluminium plate interposed between the circui ts. 
Such screens must be rigidly fixed and make good electrical 
contact with the chassis. The chassis itself can form an 
effective screen by mounting the relevant components above 
and below it. 

In high gain amplifying stages it is important tbat input 
and output circuits should be electrically isolated from each 
other to the maximum extent possible to avoid unwanted 
feedback which could cause instability or degrade the signal
to-noise ratio. Some valves, including r.f. pentodes, r.f. 
double triodes for cascade operation and certain modern 
frequency changers have internal screening; others-mainly 
the older octal-based types- are of metal construction. For 
many of the miniature valves external screening cans may be 
needed. Close-fitt ing aluminium screens raise the tempera
ture of a valve appreciably and should preforably have a 
matt-black finjsh to assist heat radiation. Special heat
dissipating contact-type cans are also available. Where the 
valve-holder has a centre spigot (common on miniature types) 
it should be earthed to decrease stray coupling between grid 
and anode circuits. Sometimes such coupling can be 
reduced by fitting a small plate across the underside of the 
valve socket, though this wi ll usually be necessary only at the 
higher frequencies. Above 14 Mc/s or so tbere is some 

4.33 



RSGB-RADIO COMMUNICATION HANDBOOK 

AGC 

Fir. 4.60. To avoid re1enerat:i ve or degenerative feedback in r .f. 
staces t1.t: t he highe r frequencies, it is ad vi1able to b r ine all earth· 
return leads to a sina:lo po in~ as dose as pouible to the. vafveholder. 

advantage in using siJ1gle point earth return wiring (see Fig. 
4.60), all earlhy connections associated with one particular 
stage being connected to chassis at a single point close to the 
valveholder. The object of this is to avoid circulating 
currents in the chassis, which may lead to regenerative or 
degenerative feedback outside the control of the user. 

At an early stage in the design of the receiver a decision 
must be made between providing continuous coverage of all 
frequencies between say 1 ·8 and 30 Mc/s, possibly with the 
aid of a separate bandsprcad tuning control for use on the 

amateur bands, or alternatively covering only the amateur
bands (sometimes making provision for the reception of 
standard frequency transmissions on 2·5, 5, 10, IS or 20 
Mc/s). With a receiver covering amateur bands 011ly there is 
much less difficulty in obtaining good tracking of the 
oscillator and signal frequency circuits, with consequent 
improvement in the efficiency and case of alignment; it also 
facilitates the p rovision of the slow tuning rate highly 
desirable for c.w. and s.s.b. reception. 

Coils and Wavechanging 
The method adopted to alter the tuning coils when 

changing bands has considerable influence on the general 
construction of a receiver. The main methods in use arc : 

(a) Plug-in coils, either separate or combined into a single 
plug-in assembly for each band. 

(b) All coils mounted on the chassis, with a Yaxley type 
wafer switch to select the coil s required for each 
band. 

(c) The coils mounted in a rotating turret assembly, so 
that although all coils are contained in the receiver 
only those required for one band are connected in 
ci rcuit at one time. 

(d) Individual front-ends for each band, usually con
structed in the form of interchangeable sub-units. 

Plug-in coils have the great merit of simplicity and high 
efficiency; they can be recommended for experimental work 
and for reducing the constructional complexity of receivers. 
The coils are usually wound on low-loss moulded formers, 

TABLE 4.1 

Guide to Coil W indinas 
fisures are given as a ruide only and are bued on a tuning capacitor with a m~ximum capacitance of 160 pf. The maximum frequency 
limit wiJI depend larse.ly o n t ·he value of srray capacicances, whilst such factors as closeness or turns, loncths of lead. posit ion of dustcore 
(where used) will materially affect the frequency coverage. The reaction windinc for t.r.r. receivers should be close to the lower end of the 
main winding. The aerial coupling coif, if of low impedance, should be wound over the earthy end of the main windina. If of medium 
imp~dance or for inte rvalve use, the couplina coil should be spaced a littl e wo.y from the towe r end of the main winding. Where an h.t. 
potential exist:s between windings, care should be taken to see that in1ulation is adequate. Small departures from the quoted wire 
caug~ will not make any substantial differenc:e. Generally. reaction and couplin1 windines can be of moderately fine wire. 

The number of turns for intermediate ranges can be judaed from the fi1ure1 r iven. 

Number of turns Approximat e frequency 
ranee (Mc/1) 

Remarks 
Diameter Main Low M edium S.W.G. 

of t'uned impedanc_e impedance Reaction (main Minimum Maximum 
former wi ndina aerial aerial windinr) 

3 I 2 2 20 13-5 31 Turns spaced two wi re 
diameur1 

5 I 2 or 3 2 or 3 20 11 ·5 23 Turns spa.cod one wlro 
I! in. diameter 

ribbed 
air-core 9 2 4 3 22 6·5 lo\ Sli&ht spacing 

17 3 s 4 24 3·4 6·8 Close wound 

42 6 10 10 30 1·6 3·3 Clo.se wound 

8 2 3 3 24 16 30 Close wound 
i in. 

ribbed IS 3 s 
i f r ·core 

5 H /26 7 16 Close wound 

40 6 10 10 30 3'S 8 Close wound 

8 2 3 3 26 13·5 31 Close wound 

tin. lo\ 3 5 4 28 7·0 15 Closo wound 
du.st-iron 

core 26 5 8 6 30 
I 

3·2 7 Close wound 

40 6 10 9 )2 1·6 3·6 Slichdy pi11 wound 
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the bases of which carry pins designed to make good elec
trical contact wi th sockets mounted on the receiver chassis. 
The coils thus occupy only a small space on the chassis and 
this permits short r.f. wiring. The main disadvantages are a 
degree of operating inconvenience, and the difficulty of 
varying the inductance for alignment purposes, since plug-in 
formers with variable cores are not always available. 

In those cases where the coils arc mounted on the chassis, 
it is usual to wind them on small formers with variable brass 
or ferrite cores. T he wavechange switch should have suffi
cient contacts to allow coils not in use to be short-circuited, 
otherwise unwanted resonances and absorption effects may 
occur. The coi ls arc often mounted below the chassis, either 
directly underneath or to one side of the ganged tuning 
capacitor. The switch should be mounted close to the appro
priate valve sockets to keep wiring short; similarly, the 
highest frequency coils should be placed nearest to the switch. 
For low losses on the highest frequencies, the wavechange 
switch insulation should be ceramic (particularly important 
where a single wafer carries sets of contacts at both earth and 
h.t. positive); o therwise. since wafer losses form only a small 
proportion of the whole, Paxolin type insulation will nor
mally prove reasonably satisfactory. The switch action 
should be positive and the contacts preferably kept coated 
with sil icone lubricant to prevent oxidization. Electrolube 
No. I (Green) is a useful proprietary lubricant for 
switches. 

Turret coil asseml>lies are electrically very efficient but 
mechanically difficult to arrange. Stray capacitance and 
inductive coupling can be kept low, and the main receiver 
wiring simpli fied. The various coils are usually mounted on 
a framework which is rotated by the action of the wave
change knob. Sets of contacts fitted along strips holding the 
coils press against spring contacts connected to the main 
circuit. Television turret tuners have been successfully 
adapted for this purpose. 

The interchangeable front-end or converter unit for each 
band is particularly wclJ suited for use with a receiver having 
a tunable first i.f. The unit generally comprises a broad-band 
r.f. stage, first mixer and crystal-controlled h.f. oscillator. 
This system avoids the difficulties of switching h.f. circuits 
and allows each unit to be designed for optimum perform
ance on the particular band concerned. It is however, a 
relatively expensive form of construction, amounting to a 
single-range receiver with a series or fixed-tuned converters. 
Some typical designs for the h.f. bands arc desc ribed in 
Chapter 16. 

Table 4.1 provides a guide to typical coil windings. For use 
with ganged circuits, care should be taken to wind coils as 
s imilar as possible; coils with adjustable cores permit 
accurate matching of inductances. Single-layer coils for the 
h.f. bands can easily be wound by hand, ready-made coils 
are also available. 

Tuning Mechanisms 

The tuning drive arrangements can make or mar t he per
formance of a receiver, particularly on s.s.b. and c.w. signals. 
Points to consider are smooth continuous action and absence 
of backlash in the reduction gearing. Some operators find a 
moderately heavy Oywheel action of assistance. 

Assuming a total bandwidth of the order of 500 kc/s and a 
180° tuning span, a reduction ratio of 100 : 1 would be 
needed to give a tuning rate of about 10 kc/s per revolution. 
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This would generally be considered a good tuning rate, but 
where the receiver is intended primarily for c.w. or s.s.b. 
reception it may be advantageous to reduce the tuning rate 
still further, to around 5 kc/s or even 2·5 kc/s per revolution. 
With very low tuning rates it wiJJ be found advisable to fit a 
small handle to the tuning knob to facilitate tuning from one 
end of a band to the o ther. With receivers having a fairly 
high tuning rate (on many well-known models this may 
exceed JOO kc/s per revolution and considerably more on tbe 
28 Mc/s band) it is sometimes possible to fii a further reduc
tion drive on to the existing tuning spindle. 

The k.nob with which tuning is normally done (the band
spread knob on a general coverage receiver) should have a 
fairly large diameter (al least 2 in.), to facilitate careful setting 
and should be mounted in the most convenient position for 
the operator. A very sui table drive mechanism for incorpo
ration in a home-built receiver is the Eddystone type 898. 

Pe rmeability Tuning 

While it is the usual practiCP, co tune h.f. circuits with a 
variable capacitor, it is equally possible to do this by varying 
the inductance by means of sliding cores. This system, 
known as permeabi lity tuning, offers considerable advantages 
in the maintenance of correct L/C ratios and permits closer 
aerial input coupling. Since the screw principle can be 
adopted to alter the position or the cores it makes possible 
almost unlimited mechanical bandspread without the 
problems of gear reduction drives. Although permeability 
tuning has been most successfully used for many years by 
one major American company, the mechanical and electrical 
complications involved in band-switched receivers have 
resulted i.n little progress in this field by amateur constructors. 
There is considerable scope for further development of 
permeability tuning systems, particularly for covering 
single wave ranges, as for example in receivers with fixed 
tuned front-ends and tunable first i.f. ranges. 

Permeability tuned oscillators can be significantly more 
stable than those using capacity tuned circuits. 

Fixed Capacitors 

Several different types of fixed capacitor a re found in 
receivers, and it is important that the constructor should be 
aware of the uses and limitations of the various types. At 
one time capacitors fell conveniently into three main 
categories: paper capacitors for a.f. applications, mica 
capacitors for r.f. ci rcuits and electrolytic capacitors for 
smoothing. 

While paper capacitors are still used for almost all a.f. 
circuits, severa l different forms of container are now avail
able. The conventional waxed cardboard paper tubula rs are 
still widely used, but should be avoided for any position 
where a very high insulation resistance is necessary. After a 
few years' use- and less in the tropics-the d.c. resistance of 
the cardboard container may amount to no more than about 
5 Megohms. If used for inter-valve coupling this may result 
in a positive bias being applied to the grid of the succeeding 
valve. A low insulation resistance should also be avoided in 
a.g.c. circuits. To reduce insulation leakage many different 
types of containers have been introduced, including better 
forms of waxed-cardboard tubing and metal tubes with 
insulation seals at the ends. 

Various forrn.~ o f plasl:ic-film or polyester capacitors have 
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been developed and are being increasingly used. They have 
very low dielectric Joss, a much higher insulation resistance 
than paper capacitors and have also proved much more 
reliable in use. 

Quite high a.c. voltage peaks may occur in a.f. stages and 
capacitors subjected to these voltages should be rated to 
withstand the peaks plus any direct voltage which may be 
across them. Capacitors subjected to continuous a.c. stress 
must always be rated specifically for a.c. working since an 
a.c. working voltage of 300 volts is roughly equivalent to a 
1000 volt d.c. rating. For such applications, petroleum jelly 
or liquid imprcgnants arc better than wax. 

When a fixed capacitor is used as part of a tuned circuit, 
for example to pad the oscillator c ircuit, it is essential to usc 
a type of capacitor which introduces very Little loss. Moulded 
mica capacitors can be used but the smaller size of silvered 
mica types have made these the normal choice. The silver 
coating is attached firmly to each side of the mica plates and 
the capacitance remains stable over very long periods; it is 
also possible to obtain this type to c lose tolerance. 

Ceramic capncitors have taken over many of the tasks for 
which mica capacitors were formerly used, except where a 
very high order of stability is necessary. The various high
permittivity types arc suitable and economical for r.f. or i.f. 
decoupling and s im ilar purposes. Modern disc type ceramic 
capacitors arc excellent for r.f. bypass applications, com
bining high capacitance in small space. Because they can 
often be mounted close to the valveholders or other main 
components, lead inductance can be kept extremely low. 

With low-permittivity ceramic capacitors, use can be made 
of their sensitivity to temperature variations in order to 
provide compensation for changes in other component 
values as the receiver warms up. By using a capacitor with a 
negative temperature coefficient such as N750 (meaning 750 
parts/million/degree Centigrade) to form a small part of the 
oscillator tuned circuit capacitance, frequency drift can be 
much reduced. Il will usually be necessary to find the correct 
proportion of the tuned circui t capacitance which should be 
of the N750 type by experiment. /\ useful though somewhat 
expensive component for temperature compensation is the 
" Tempa-trimmer " made by Oxley which has a variable 
coefficient but fixed capacitance. 

Electrolytic capacitors arc valuable where high capaci
tances (above about 1 i•F) arc required. They are relatively 
inefficient for r.f. applications, and have a limited shelf-life. 
Care must be taken not to exceed the voltage ratings. Their 
main use is for ripple reduction in power supplies and for a.f. 
decoupling. 

Where a capacito r form s part of a tuned circuit, close 
tolerance types- to about I per cent- may be needed. For 
most decoupling and interstage coupling applications, JO or 
20 per cent tolerance types may be fitted. 

Diode Capacitors 

A reverse-biased junction diode (and to a lesser extent 
point-contact diodes) has a capacitance which varies with a 
change in the reverse voltage. This characteristic can be 
used to provide what in effect is a variable capacitor tuned 
by adjusting the d.c. bias potential applied across it, if 
necessary from a physically remote position. Silicon 
junction diodes developed for use as capacitors are generally 
termed vctractors, or by various trade names such as 'Vari
caps.' An important application of such devices is for 
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microwave parametric amplifiers and harmonic generators 
but they also find uses in h.f. receivers. 

A representative varactor diode (Hughes HC7005) may 
have a change of capacitance of from 24 pF to 81 pF as tbe 
reverse bias is reduced from 21 to I volts. Although the 
capacitance continues to increase below this figure, tbe Q 
factor tends to fall and temperature coefficient degrades. 
The Q of such devices is considerably below that of con
ventional capacitors but is sufficiently high to allow their 
direct use in various tuning applications in h.f. receivers; the 
relatively low Q allows ganged tLuling without calling for 
extremely close tolerances in capacitance characteristics. ln 
practice, however, the trne varactor diode is a relatively 
expensive device and use in amateur equipment tends to be 
confined to single tuned circuits or bandspread tuning of an 
oscillator where the facility of a panel mounted potentio
meter is required. 

Diode Switching 

An increasingly important application of semiconductor 
diodes is to act as swi tches in rnceiver and transmitter 
applications. The switching properties of diodes bave long 
been used in specific circuit configurations such as diode 
ring and bridge modulators/mixers. 

Diode switches offer a number of advantages over 
mechanical ones, particularly for switching at r.f. There is 
no contact tarnishing or other forms of dirt. switching is 
almost instantaneous, switch capacitance may be as low as 
I pF, the diode can be mounted anywhere and not confined 
to a shaft , and the contacts do not arc. 

Disadvantages arc that a diode switch in the" open "state 
still imposes a finite resistance and thus cannot be used in cir-
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Fia. 4.61 (a). Bas ic d iode switching ci rcuit. 

Fig. 4.61 (b). A 2-3 Mc/s v.f.o. for a multi pl e conversion receiver 
illustratinr both the use of diode switchi ng (CR2) and the use of a 

rermanium crysta l diode (CR1 ) for fine tuning. 



cuils demanding extremely low loss, a power source is re
quired to bias the diode and the switching currents must be 
sufficient to ensure a low enough differential resistance in 
the closed state. 

Diode switching circuits are designed sn that either a 
forward bias (" on ") or reverse bias (" off") is applied 
across the diode. This bias potential is usually connected 
through chokes or resistors to isolate the d .c. circuit from the 
circuit being switched: see Fig. 4.61. T he diode character
istics required are: low capacitance, high reverse resistance 
and low forward re<;is tance. In some applications the p.i.v. 
rating of tbe diode must be considered. Point-contact 
germanium diodes such as the OA81 are often used. 

Resistors 

Consideration must always be given to the power which 
will be dissipated in a resistor, in order that a component of 
ample wattage rating is fitted. When little or no current 
flows through a resistor it is permissible to fit the miniature 
i-watt types, though some constructors prefer to keep to a 
minimum rating of t watt. Where appreciable d.c. nows 
through a resistor (cathode bias, screen feeds, anode load, 
etc.), the power dissipated should be calculat11d (T2 x R, 
where I is in amperes and R in ohms) but no attempt should 
be made to fit a resistor likely to run near its wattage rating
always fit a generously rated component for reliable opera
tion. 

A resistor operating near its wattage limit will run warm 
and successive heat cycles will tend to cause its resistance 
gradually to increase. Where the wattage dissipated exceeds 
about l watt it will be advisable to fit wire-wound resistors; 
otherwise the carbon composition type is generally suitable. 
though for a few applications where long-term stability is 
required cracked carbon types-available to tolerances of 
1 per cent-may be preferable. Receiver resistors can usually 
be of 20 per cent tolerance, though for screen feeds and bias 
resistors it is advisable to fit 10 per cent types. 

SUPERHET TRACKING AND ALIGNMENT 

The supcrhct principle, as noted earlier, depends on the 
provision of a locally generated signal differing from the 
incoming signal frequency by an amount equal to the inter
mediate frequency. This local signal may be placed either 
higher or lower in frequency to the incoming signal, though in 
practice the oscillator usually operates on the higher frequency 
side of the signal frequency to avoid difficulties from 
harmonics. 

In simple superhct receivers, the tw1ing of the signal and 
local oscillator circuits can be carried out independently 
using separate variable capacitors. Clearly, this is incon
venient as the operator must continuously adjust two or more 
knobs when tuning across a waveband. It is usual therefore 
to fit a ganged variable capacitor with from two to four 
sections to tune both the oscillator and signal frequency 
circuits. From this arises the problem of so arranging the 
tuned circuits that the oscillator and signal frequency 
circuits track together (keep accurately in step) so that for all 
settings of the control knob the frequency difference between 
them stays nearly the same. For example, suppose the band 
5000-8000 kc/s is to be coverod on one waveband with an 
i.f. of 470 kc/s, the oscillator tracking on the high frequency 
side of the signal. Then it will be necessary for the oscillator 
to operate on 5470 kc/s when the set is tuned to 5000 kc/s 
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and 8470 kc/s when tuned to 8000 kc/s. Furthermore the 
oscillator must track throughout the tuning span; so that, for 
example, the oscillator is on 6470 kc/s and 7470 kc/s when 
the set is tuned to 6000 kc/s and 7000 kc/s respectively. 
Unfortunately, because tho resonant frequency of a tuned 
circuit depends on the square root of the product of the 
inductance and capacitance, it is not possible simply to 
reduce one of these factors in order to shift the oscillator 
tw1ing span to 5470-8470 kc/s. Both tbe L and C com
ponents must be reduced in the correct proportions. The 
inductance can be reduced by using fewer turns on the 
oscillator coil. The capacitance is usually reduced by includ
ing in series with the variable tuning capacitor a fixed or 
variable capacitor known as the padding capacitor. If there 
is no means of adjusting the coil it is usual to make the 
padding capacitor variable but with a coil having an adjust
able core it is more common to use a fixed capacitor of 
fairly close tolerance. Typical values for padding capacitors 
in general coverage receivers arc given in Table 4.2. With 
amateur-bands only receivers, it is generally unnecessary to 
use padders. The padding or coil variation has most in
fluence on tbe lower frequency end of the tuning span. 

To permit ready adjustment of the circuits on the higher 
frequency end of the tuning rungc, it is usual to connect small 
pre-set variable capacitors across the coils, known as 
trimmers. Typical arrangements are shown in Fig. I .66 in 
Chapter 1. 

Unfortunately, even with full padding and trimming 
adjustments, it is not possible to obtain exact tracking of the 
oscillator with the signal frequency circuits over the entire 
sweep of a ganged tuning control. The best compromise 
provides three frequencies-one towards each cod of the 
tuning span and one fairly central position-where the signal 
frequency circuits will be precisely the iS. away from the 
oscillator frequency, with some slight error having to be 
tolerated at all other positions. For instance, in the above 
example the circuits would be accurately trimmed at around 
7750 kc/s and padded at about 5250 kc/s, it would then 
be f0tmd that the third point of accurate alignment would be 
in the region of 6250 kc/s. 

These unavoidable alignment errors are small but require 
some consideration for really high performance receivers. 
The errors can be minimized by keeping the total tuning span 
of each waveband as narrow as possible; the situation will be 

TABLE 4.2 
Guido to Values of Padding Capacitors 

for General Coverare Receive.rs 

Approximato 
Signal ma.xi mum Intermediate 

frequency capacity of frequoncy 
range tuning 

capacitor 

13 to 30 Mc/s 200 pf 450/465 kc/s 
6 to 13 Mc/s to 
3 to 6 Mc/s 220 pf 

1·5 to 3 Mc/s 

10 to 30 Mc/s 
3·5 to I 0 Mc/s 
1·4 to 4 Mc/s 

360 pf 450/465 kc/s 

12·5 to 32 Mc/s 
4·5 to 12·5 Mc/s 
I ·7 to 4·5 Hc/s 

360 pf 1600/1620 kc/s 

Value of 
oscillator 

padder 

3000 pf 
2000 pf 
1425 pf 
650 pF 

3625 pf 
2825 pf 
1050 pf 

2100 pF 
960 pf 
380 pf 
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improved ir the amateur bands coincide with the accurately 
tuned portions. Because of this, despite the added complica
tions in the coil assembly, it is preferable that a general 
coverage receiver should have as many wavebands as 
possible. In receivers which tune the amateur bands only the 
alignment errors can be kept to a very low figure. Further
more, it is possible in such sets to overcome the whole 
problem of tracking by making the signal frequency circuits 
sufficiently broad-band to provide adequate response at least 
over the higher frequency bands without retuning, this allows 
the entire tuning to be carried out on a single small variable 
capacitor in the oscillator circuit or by permeabil ity tuning 
this circuit only. 

For general coverage receivers, the calculation or the 
correct coil windings to permit accurate tracking is 
difficult. This is mainly because the average constructor is 
seldom able to measure exactly the inductance of hand
wound coils or the various stray wiring capacitances which 
play an important role in determining the tuning range. 
Although surprisingly good results can be achieved by in
telligent guesswork, there is little doubt that the difficulties 
encountered in this section of superhet receiver design have 
been the main reason why so many amateurs use factory
built sets. One solution is the use or the complete tuning 
uni ts or coil packs, available from a number of manu
racturcrs; another is to follow published designs in which full 
coil winding data is given. Yet another approach has already 
been suggested, this is the construction of amateur bands only 
models with broadly tuned signal frequency circuits or with 
signal-frequency and oscillator circuits tuned independently 
(this is much less inconvenient than on a general coverage 
model, as the adjustment of the signal frequency control can 
generally be limited to a final touching up on a signal). From 
almost a ll viewpoints, the amateur-bands-only approach can 
be recommended. 

A most useful instrument for the preliminary adjustment 
of the tuned circuits of a receiver is the grid dip oscillator (see 
Chapter 19- Measurements) which permits rough checks to 
be made on the tuned circuits of a receiver during actual 
construction. 

Spurious Response.s 

One of the most important criteria or 11 superhct receiver 
is the presence, or absence, of spurious signals. These 
spurious responses take three main forms: 

(a) External signals which cannot be ti rnccl out. 
(b) E xternal signals beard 011 frequencies other than those 

on which they are operating. 
(c) Continuous carriers hear d in the tuning range of the 

receiver but which are caused by internal oscillators. 
Type (a) is almost invariably due to breakthrough of 

signals into the i.f. stages, though in a double superhet having 
a tunable first i.f. such breakthrough will provide tunable 
signals of type (b). l.F. breakthrough is generally caused by 
insufficient pre-mixer selectivity, and in this form is usually 
troublesome only on receivers having no r.f. stage. It can be 
reduced by series- or parallel-tuned circuits ai the i. f. con
nected as wave-traps to reject the interrering signals. A more 
serious form of i.r. breakthrough is direct pick-up or signals 
in the i.f. stages, and this tends to be more lil<cly with re
ceivers having i.f. of 1600 kc/s or above. More eflicient 
screening of the i.f. stages may be needed, with care taken to 
minimize stray coupling to external wires such as power 
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leads, aerial, etc. ln some cases, where particularly strong 
local signals are involved, it may be necessary to change the 
i.f. slightly. Breakthrough of signals can sometimes be 
difficult to eradicate where a converter is used ahead of a 
main receiver which picks up signals in the r.f. stages or in the 
interconnection leads. (Additional advice on preventing 
breakthrough when using a converter is given in Chapter 5-
V.H.F. Receivers.) It should be noted that signals breaking 
through need not always be at the i.f.; very strong signals at 
half the i.f. can occasionally prove troublesome, the non
linearity of the mixer causing spurious signals to appear. 

The most common form of type (b) interference is second 
channel or image intcrrerencc. The susceptibility of a receiver 
to this form of interference is a function of the intermediate 
frequency used and the degree of pre-mixer selectivity. 
Where less than two r.f. stages are used, an important con
sideration is to maintain tJ1e Q of the input circuits. Image 
response is , however, only one of the many causes of this type 
or interference. The harmonics of the h.f. oscillator may 
beat against strong incoming signals which may themselves 
act as the h.r. oscillator and beat against other strong signals. 
When considering ext remely strong signals such as those from 
a nearby transmitter, there arc many possible spurious 
responses arL~ing from combinations of the fundamental and 
harmonics of both the local station and the receiver's h.f. 
oscillator, many with associated image responses. fn practice 
however, except for the station transmiller, spurious re
sponses of these types can be reduced to insignificance by 
good pre-mixer selectivity and a high i.f., provided that in 
so doing cross-modulation effects are not introduced. 

l.nterference of type (c), generally termed birdies, is of 
great importance in double superhets where, unless extreme 
care is taken, harmonics of the second oscillator-or image 
respo11ses to these-are likely to appear in one or more 
wave-ranges of the receiver. For general coverage receivers, 
the only solution is most careful design and screening of the 
second oscillator to reduce harmonic generation. With 
amateur bands only receivers, particularly those using a 
tunable first i.f., careful analysis of possible harmcnic inter
ference can be useful in determining a suitable first i.f. 

Ham1onics of the b.r.o./c.i .o. can cause similar spurious 
responses, but because of the lower frequencies involved, 
these can usually be reduced to an insignificant level by 
screening. 

Because of the difficulty of eliminating all spurious 
responses in double and tTiplc-conversion receivers, some 
designers believe that the idea l amateur receiver would be a 
single-co11versio11 superhet with a high intermediate fre
quency- but this would depend upon the development of 
high i.f. filters with a degree of selectivity at present available 
only in receivers having a low i.f. Crystal filters meeting 
such specifications arc becoming available. 

Smoot h Regeneration 

To obtain maximum benefit from regenerative detectors 
both for superhcts and for" straight " receivers, it is essential 
to obtain smooth control as the stage goes in and out of 
oscillation. In some cases it may be found that the valve 
tends to plop in and out of oscillation, and the control 
cannot be advanced right u p to the threshold of oscillation. 
The following arc among the main causes of " ploppy" 
regeneration: too many turns on the feedback coil (this 



should have the minimum possible number of turns coupled 
tightly to the earthy end of the grid coil); the value of grid 
leak resistor may be incorrect (try the effect of different 
values, usually in a higher value direction); the anode and/or 
screen voltages may be too high, or derived from too bigh ao 
impedance source (since the valve current conditions cbaoge 
during oscillation, screen voltages should be derived from a 
potentiometer network and high series feed resistors 
avoided); with straight receivers having the detector stage 
coupled directly to the aerial, it may be necessary to reduce 
aerial coupling by means of a series trimmer to avoid heavy 
loading at aeria l resonances. 

Another effect, known as sq11eggi11g, can cause poor 
control of regcncrat ion, this is due to too-violent oscillation 
and attention to the above points will usually cure this 
condition also. Poor decoupling of r.f. ci rcuits can produce 
what is known as threshold howl denoted by an a.f. howl just 
as the valve goes into oscillation, the remedy here is to 
improve the decouplii~g. T his effect is unlikely to occur with 
resisiance-couplcd stages. 

In all regenerative circui ts depend ing on positive feedback 
by induction, the correct " sense" of connection of the grid 
and feedback windings must be observed. T he sense of the 
windings should be the same for " grid to earth " as " h.t. 
to anode." 

OPERATIN G THE RECEIVER 
To obtain the optimum performance from a communica

tions receiver whether simple of complex, requires practice 
and a regard to fundamental 1cchnical principles. No two 
receivers are exactly the same, but some operating hints are 
generally applicable. Typical controls arc shown in Fig. 4.62. 

Unless the receiver has an extremely slow tuning rate it 
wiU be necessary to develop a delicate touch when tuning 
weak signals on the higher frequency bands. This will be 
greatly aided by a smooth-acting slow motion drive having a 
large reduction ratio. Particularly on c.w., it is in1por tant to 
tune signals carefully, when first heard, for maximwn 
strength and minimum interference, to forestall the sudden 
appearance of an interfering signal. Maximum use should be 
made of any crystal filler, as described later, and the selec
tivity should be the optimum for the particular mode since 
this wi ll improve the signal-to-noise ratio. 

If the receiver has separate controls for a.f., i.f. and r.f. 
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gain (often a single control- sometimes with differing tapers 
-is used for i.f. and r.f. gain), the relative settings of these 
controls influence the apparent signal-to-noise ratio of the 
weaker signals. Clearly, if the r.f. gain control is near 
minimum setting while the other conirols are well advanced, 
most of the gain of the receiver will be after the first fre
quency changer and there will be almost maximum amplifica
tion of the unavoidable noise produced in this stage. Oo the 
other hand, if the r.f. gain is always kept at a maximum, the 
signal-to-noise ratio will be optimum, but there is a greater 
risk of cross-modulation effects on the stronger signals. 
Generally therefore the a.f. gain control should be set at 
about half-travel, the r.f. gain fairly well advanced, and the 
level of signal or inter-station noise when searching kept 
under constant control by means of the i.f. gain. In t he 
neighbourhood or strong signals the r.f. gain should be 
reduced. On c.w. and s.s.b. signals it may be desirable to 
keep r.f./i.f. gait1 fairly low to increase the effectiveness of the 
b.f.o. (unless the receiver is designed for s.s.b.) but when 
listening to telephony stations with the a.g.c. swi tched on, 
the r.r. and i.f. gains should be well advanced, and the a.f. 
control suitably adjusted. 

The receiver noise should always be peaked with the aeria l 
trimmer when first switching to a band. It should not be 
necessary to readjust this trimmer on individual stations 
except perhaps on the I ·8-2 Mc/s band. 

Consideration should always be given to ensuring a reason
ably good match between the aerial input circuit and the 
aerial or transmission line. Most factory-built receivers are 
designed for use with an input impedance of about 400 ohms 
or alternatively low-impedance 75 ohm coaxial cable. If the 
actual aerial impedance differs appreciably from the design 
figure, a worth-while improvement in signal-to-noise ratio 
can be obta ined by the use of an aerial matching unit (see 
Fig. 4.63), using the principles described in the section on h.f. 
aerials. It should always be remembered that any additional 
gain which can be achieved in the aerial input circuit is free 
of valve noise. 

On many receivers, the a.g.c. (a.v.c.) 3Witch must be turned 
off fOI· c.w. and s.s.b. reception to prevent the sensitivity 
being reduced by the action of the b.f.o. 

C.W. Reception with a Sing le Crystal Filter 

Although amateurs played an important role in the devel
opment and application ot 
crystal filt·ers their use is not 
a lways popular, especially 
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among operators who have 
not grasped Fully the technical 
principles involved. Such 
operators complain that when 
interference occurs, they switch 
in the crystal filter only to lose 
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Fig. 4.62. Typica l Olrrane.cment of controls for an amate.ur communications receiver. 

a consider:ible reduction of 
strcng1h. A correctly adjusted 
filter should not reduce the 
strength of the signal by any 
large amount but rather 
should result in considerable 
improvement of the signal-to
noise ratio. The reason why 
some users complain of serious 
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(a) (b} 

Fie. 4.63. Receiver aerial matchin& c-irc-uiu based on the pi·network. 
(a) U nb:alanced; (b) balanced. S ince the impedance t ransformation 
is not usually u great as in transmitter output networks, capacitor 
value> etn itenerally be 150-lOOpF. Sunested w lndlna details for the 
coils: lS turns 28 1.w.g. en;imelled copper w ire wound on a 1 in dia· 
meter former to occupy a spaee of approximate ly 1 in. a nd tapped at 

2, S, 8, 12 :and 19 turns. 

loss of strength is almost always because the b.f.o. contro l 
has not been correctly set in advance; this has meant that 
the station is not accurately tuned in when the crystal is 
switched into.:circuit; the loss of strength in . such circum
stances is really an _indication , that ,the crystal is doing Lits 
intended job of narrowing the pass band of the receiver. 

It is essential with a filter using a single crystal that the 
b.f.o. pitch control should not be used as a form of fine 
tuning control, but should be set in advance to a frequency 
some 500 or 1000 c/s higher or lower than the crystal 
frequency. It should then be varied only when a change in 
the output note is required. 

The importance of this stems from the following: suppose 
the b.f.o. has been set, say, 5000 c/s from the crystal or inter
mediate frequency but a signal is then tuned in to provide a 
convenient listening beat note of 1000 c/s. T his means that 
the incoming carrier is either 4000 or 6000 c/s off the fre
quency to which the set is aclually tuned. This may not be of 
great consequence with the receiver operating in a position 
of minimum selectivity, but immediately the passband is 
narrowed by switching in the crystal, tho signal will be greatly 
attenuated; in order to tune it in correctly it would be 
necessary to readjust both the tutting and tho pitch control, 
in practice the signal is often lost altogether. 

Compare tl1is with what happens when the b.f.o. bas been 
correctly set in advance 1000 c/s off the nominal i.f. When 
the set is tw1ed, even in a position of broad selectivity, to 
provide a beat note of 1000 c/s, the signal will either be 
precisely tuned to tl1e centre of the passband, or to a position 
2000 c/s away. Switching in the crystal will thus have much 
less effect on its strength, either it remains exactly tuned, or at 
worst it will be on the wrong side of the beat note and can be 
retwled by adjusting only the tuning control. 

To set the b.f.o. control, the phasing control should first be 
positioned at about mid-trave~ and with the b.f.o. turned 
off, a steady carrier carefully tuned in to give maximwn 
S-meter reading (or ma,ximum noise output if there is no 
meter). The b.f.o. is then turned on and set first to zero beat 
with the carrier to ensure that tl1is coincides approximately 
with mid-travel of the pitch control (if this is not possible, 
the b.f.o. trimmer may need adjustment), and then further 
adjusted to provide the beat note most acceptable to the 
particular operator-usually between 500 and JOOO c/s 
though a few operators prefer a much lower pitched note. 
This setting of the b.f.o. should be carefully noted; normally 

4.40 

the control is not touched again, all signals being carefully 
tuned by means of the tuning control for maximum output. 
An interfering heterodyne note appearing in the passband 
can be eliminated by adjustment of the phasing control, the 
effect of whlch is to move slightly the very sharp rejection 
notch produced by the parallel resonance of the crystal. 

A sbarply peaked crystal filter may cause a ll stable c.w. 
signals to " ring " slightly and produce a hollow bell-like 
note which, if too pronounced, can make a signal difficult to 
read. If a variable selectivity control is fitted, the effect can 
usually be overcome by reducing the selectivity slightly. 

RECEPTION OF S.S.B. 
The reception of s.s.b. is not difficult but it docs necessitate 

the mastery of a technique which may be unfamiliar to many. 
As in so many other fields, an ounce of practice is worth a 
ton of theory. The most likely place to find a sideband 
station is between 3·75 and 3·8 Mc/s or around 14·3 Mc/s. As 
tbe receiver is tuned through the signal the sound issuing 
from the speaker will reach a peak and will then start to fall 
off, but it will at no time become intelligible. Until a datwn 
frequency is introduced in place of the missing carrier, 
intelligibility is impossible. For a first essay into s.s.b. 
reception, employing a receiver without a product or hetero
dyne detector the b.f.o. may be used. 

With the noise peaked at maximwn and lbe a.g.c. off, the 
b.f.o. should be switched on and the pitch control rotated 
slowly until the speech begins to sound recognizable. More 
likely than not, the output will sound heavily overmodulated, 
in which case an improvement may be made by backing off 
the r.f. and i.f. gain controls. A final touch to the pitch 
control, and the signal should become perfectly readable. 
If it sounds unnatu ral and overmodulated or like a gramo
phone record on a turntable which is not rw1ning evenly, the 
trouble is almost certain to stem from deficiencies in the 
receiver. 

As has already been said, the insertion of a signal to take 
the place of the carrier is essential to the demodulation of a 
sideband signal. With a t.r.f. receiver, tbe only way of doing 
this would be to couple into the front-end the output of a 
local oscillator adjusted as closely as possible to the nominal 
frequency of the transmitting station. A similar system may 
of course be employed with a superhet receiver. The out
standing advantage of signal-frequency carrier insertion is 
that the intelligibility and quality of the audio output depends 
solely upon the stability of the carrier oscillator. As injection 
is done at the aerial terminals, nothing more than a sma.Jl r.f. 
signal is required, so tl1e oscillator may be designed for 
quality of output rather t han for quantity. A BC221 or one 
of tbe LM series frequency meters will be found ideal. Drift 
in tl1c heterodyne oscillator of a superhet will have no more 
effect on s.s.b. signals received by front-end carrier injection 
than it will on conventional a.m. It may be irritating, but 
nothing more. With a poor and unstable receiver, this is 
the only worthwhile method to use. The drawback is that the 
receiver tuning must be adjusted in synchronism with the 
carrier oscillator when changing frequency. A minor point 
to watch is that the carrier oscillator must not overload the 
front-end of the receiver. If its amplitude is great enough to 
drive the r.f. stage into non-linearity, the receiver would 
become susceptible to cross modulation by any strong signal. 

When using a superhet, it is more convenient to reintro
duce the carrier at an appropriate frequency after the side
band bas been converted to the intermediate frequency. A 



block diagram of this system is 
shown in Fig. 4.64. The b.f.o. 
is often employed as the 
carrier oscillator and produces 
regrettable results because it 
is asked to fill a role for which 
it was not designed. The aver-
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AMPLIFIER DETECTOR 
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age b.f.o. is a well-built unit 
which bas a slow tuning rate 
and is quite stable enough to 
take the place of the carrier. l n 
the majority of receivers its out
put is via a small capacitor to 

OSCILLATOR 4218 kc/s 

Fie. '4.64. Block diasram showing the: method of c.;arrier r•insertion at the intermed iat.e 
frequency of a rec~iver. 

the anode of a diode detector, and its amplitude is restricted to 
the lowest level at which an acceptable beat note is obtained 
for the reception of c.w. telegraphy. When an attempt is made 
to mix a sideband signal with that from the b.f.o.,considerable 
distortion will occur if the amplitude of the simulated carrier 
is exceeded by that of the sideband. To l'educe distortion to 
negligible proportions, the maximlLm amplitude of the s.s.b. 
signal must be held well below that of the b.f.o. signal. This 
can be done by reducing the r.f. and i.f. gain but this solution 
can never be more than a com1>romise. When the gain is 
advanced to read a weak signal, splatter becomes unavoid
able from any stronger signal which may happen to be 
adjacent. Increasing the output of the b.f.o. is rarely profit
able, because stability is likely to suffer. In some receivers a 
considerable improvement may be effected by disconnecting 
the lead from the b.f.o. to the diode detector and connecting 
it to the grid of lhe first or second i.f. amplifier valves via a 
capacitor of 1 or 2 pF. This modification will not, however, 
work well if the i.f. stage is followed by a highly selective 
device such as a crystal or mechanical filter. 

One answer to the problem is to replace the diode detector 
by a mixer-type demodulator. A representative circui t of this 
type is shown in Fig. 4.65. With this circuit, which is com
monly called the product detector, the applied b.f.o. voltage 
is less critical than with a diode detector, yet the audio output 
is much cleaner. It is possible to add the double triode and 
the few associated components into most receivers, but the 
detector will work equally well if constructed as an outboard 
accessory. The product detector is a lso useful for c.w. 
reception but it will not demodulate a.m. or n.b.f.m. tele
phony. A switching arrangement such as that indicated in 

Fig. 4.65 must therefore be included to enable the receiver to 
handle all forms of signal. Conventional a.m. may be 
demodulated by the so-called exalted carrier method. 
This is the technique in which the original carrier is filtered 
out, as explained earlier in this chapter, and then replaced by 
a locally generated, but appreciably stronger, carrier. 

For successful i.f. carrier reinsertion, it is essential that 
botl1 the local oscillator and the b.f.o. should be as free from 
drift as it is possible to mak.e them. A consistent slow drift 
is not much of a handicap but erratic, short-term frequency 

Fie. 4.66. Crystal-controlled 
carrier insertion oscill ator. 
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jumps are par6cularly disconcerting. In receivers which are 
prone to this fault, it is usually more satisfactory to install a 
crystal oscillator at an appropriate frequency within the i.f. 
passband than to attempt to cure the offending b.f.o. A 
typical circuit is given in Fig. 4.66, for which suitable crystals 
are readily available. If the i.f. passband is wide enough to 

accept two sidebands, it will 
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suffice to obtain one crystal of 
which the frequency should be 
centred in the middle of the 
passband. Jf however, the 
passband approaches the more 
desirable selectivity charac
teristic of 3 kc/s, two crystals 
will have to be installed in a 
switchable circuit so that the 
carrier may be inserted to one 
side or the other of the pass
band, thereby permitting either 
upper or lower sideband 
reception at wiU. Fig. 4.67 
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Fie. -4.65. T ypical t win-triode product d e tector circuit. RFC-f·SmH to l·SmH , VRI SOOK to f Mesohm. 

will give the idea much more 
quickly than words. 

There are a few possible 
modifications which despite 
their simplicity may make a 
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considerable improvement to many local osciUators. As 
drift is frequently caused by changes in the potentials 
applied to the various electrodes of the oscillator and mixer 
valves, stabilization of the h.t. supply by a regulator voltage 
tube such as the OC3 or VR 105/30 is invariably beneficial. 
If the mLxer valve is included in either the manual or the 
automatic gain conarol loops, it should be disconnected 
therefrom and the cathode and grid returns solidly earthed. 
An alteration to the send/ receive switching is highly recom
mended in many receivers. A common function of this 
switch is to disconnect thz h.t. from all valves completely 
when it is thrown to SEND. A minor rearrangement of 
the wiring can be made to permit the local oscillator and 
the b.f.o. to continue running and so will minimize erratic 

Fig. 4.67. Altct"nativc ca,.ricr 
froqoe nde$ for selectable side· 
bond raccption with a highly 

selectable receiver. 

drift caused by alternate heating and cooling. The resulting 
improvement in s tability will vary widely from one receiver 
to another, but will almost always be out of proportion to 
the simplicity of the modification. 

Finally, if the receiver is not particularly selective, tbe 
advisability of reducing its bandwidth to 3 kc/s may be worth 
considering. The advantage to be gained from tbis modifica
tion is not confined solely to s.s.b. work, but a single sideband 
transmission 3 kc/s wide tuned on a receiver with a 3 kc/s 
passband represents the highest efficiency and best signal-to
interference ratio at present attainable in telephony com
munication. The finest way to increase selectivity at reason
able cost is to install two sec tions of half-lattice crystal filter 
in the i.f. amplifier or to aJd a compact mecha11ical filter. 

Reception of D.S.B. 

This section would not be complete without a mention of 
double-sideband, suppressed-carrier system of communica-

tion. Theoretica lly, this system hns several advantages over 
s.s.b. but in amateur practice these cannot usually be 
achieved. It has the major disadvantage, compared with 
s.s.b., of occupying twice the bandwidth. 

The least complicated way to receive d.s.b. is to turn it 
into s.s.b. by means of an extremely selective i.f. filter such as 
that in Fig. 4.68. With a filter of this kind, the signal is 
virtually indistinguishable from genuine s.s.b., except that 
tuning is more critical, and slight misadjustmcnt will lead to a 
" growl " superimposed on the audio. This may be elimin
ated by reducing the low frequency response of the receiver 
audio stages in the manner recommended for transmitter 
speech amplifiers. 

To make the most of d.s.b., both sidebands have to be 
accepted on a receiver with a passband of 6 kc/s, and the local 
carrier must be locked in phase with the nominal carrier by 
means of information derived from the sidebands them
selves. The block diagram of fig. 4.69 shpws one possible 
system. After conversion to the intermediate frequency, the 
signal is applied to two product detectors A and B. The local 
oscillator voltage is passed through a 90° rJ. phase shift net
work before reaching the detect.ors. lf the injection voltage 
at A is in the correct phase rela tionship, maximum audio will 
appear in the output, but no signal at all wi ll emerge from 
detector B because the carrier is introduced 90° out of phase. 
When the oscillator drifts slightly, the A channel will be little 
affected, but some output will start to appear from B. This 
wi ll be in phase with the A channel for one direction of drift, 
and 180° out of phase for drift in the opposi te sense. By 
ampl ifying the audio from both demodulators and combi11ing 
it in a phase discriminator, a d.c. voltage is obtained which 
may be applied to a rcactance valve to provide automatic 
phase control for the oscillator. The obvious complexity or 
this arrangement shows fairly clearly why it is simpler to 
generate a s.s.b. signal in the first place than to attempt 
rccepiion of both sidebands of a d.s b signal. 

RECEPTIO N OF N .B.F.M. SIGNALS 

Conventional frequency modulmion o r the type used for 
v.h.F. radio and television (in the UK only on the 625-Line 
system) stations is not directly suitable for h.f. communica
tions because of the broad bandwidth required. These 
systems have frequency deviations of the order of ± 30-75 
kc/s with sidebands extending well beyond these limits. For 
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Fia:. ~ .68. H irhl y selective i.f. amplifier and product detector. VI and Vl may be any or the usu:.I type of r.f. pcntodc. component value·s 
bein11 c hosen to suit. XI and Xl should be identical in frequenc;y and should differ from Xl and X~ by approximately 2 kc/s. 
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signal into one of conventional 
OUTPUT 'A' a.m. form with amplitude de

pendent upon the frequency 
deviat ion of the incoming f.m. 
signal and can be demodulated 
by means of a normal envelope 
detector. These two processes 
(and sometimes the amplitude 
limiting) are carried out in a 
single s1age by means of an f.m. 
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Fig. 4.69. Simplified bloc.k diagram of the synchronous detection system for d.s.b. rec.eption. Audio 
output may be taken from either amplifier A or amplifier B but not from both in parallel. 

To understand why f.m. can 
be received by detuning a 
receiver, reference should be 

communications applications much narrower deviations 
may be employed, though this means th<H the s ignal/noise 
improvement of wideband f. rn . with pre-emphasis is lost. 

Narrow band frequency modulation (n.b.f.m.) is permitted 
on a ll amateur bands with a maximum deviation o f ± 2·5 kc/s 
and a maximum modu lating frequency of 4000 c/s. Although 
th is deviation may appear low in comparison with broadcast 
systems, the percentage deviation when received on a set 
having a fina l i.f. of 85 o r 465 kc/s may in fact be much 
higher than that of an f.m. broadcasting s ta tion received 
with the standard i.f. of 10·7 Mc/s. 

The communications ellicicncy of n.b.f.m. can therefore be 
good, and with the related pltase-111od11/atio11 technique 
offers the advantages of s imple low-level modulat ion, 
without requiring the subsequent use of linear ampl ification; 
an n.b.f.m. or ph.m. transmitter may thus be significantly 
cheaper to buil t than ei ther an a.m. or s.s.b . transmitter of 
equivalent power. M il itary tests have shown that in some 
circumstances phase modulation offers appreciable advan
tages over a.m. for portable ll .f. operation. 

With phase modulation the deviat ion, unlike tha t of true 
f.m., varies w ith lhe modulation freq uency but can be 
converted to f.m. form by introducing a 6db/octave bass 
boosting network either in the transmitter o r receiver audio 
circuits. 

A major advantage of the n.bJ.m. system is that it is less 
likely to cause TVI than a.m. , it is a lso attractive for portable 
work where the total power avai lable is limited. It should 
be recognized tha t n.b.f.111. is rather more complex in 
setting up than a .111. , and the need exists to adjust deviation 
when changing bands. F urthermore the system can cause 
appreciable sideband splatter unless the higher audio 
frequencies are attenuated (in theory an f.m. s ignal may have 
an infinite series of s idebands). 

In practice, despite its potential value, the n.bJ.111. system 
is used by amateurs far less than e i1her a.m. o r s.s.b. except 
in the form of frequency shift keying for radio te leprinters. 
For this reason few h.f. communicalions receivers arc filled 
with a suitable discriminator for the demodulation of 
n.b.f.m. or ph.m. signals, and operato rs orten rely on the 
technique of detuning the receiver to one side of the nominal 
carrier frequency, with the a.g.c. turned off. While th is 
system can be reasonably effective when the overall response 
curve of the receiver is suitable, il is recommended tha1 for 
serious f.m. operation a discriminator should be used. 

To demodulate an f.m. signal a two-step operation is 
required: an f.m. signal from which all amplitude variations 
have first been eliminated by means of a limiter is applied to 
a frequency/amplitude conversion circuit, th is changes the 

made to Fig. 4.70 which shows 
the selectivity curve of a typical i.f. amplifier. For a.m. 
signals, the receiver is normally tuned so that the wanted 
signal is in the middle of the passband or at the peak, i.e. 
point A. If tJ1e receiver is detuned to one s ide or the other, 
say point B, it will respond to a s ignal of varying frequency 
as though its amplitude was changing, since it will receive 
the signal with varying effectiveness according to the point 
on the slope represented by the particular incoming frequency. 
lf the frequency variation of the s ignal is at an audio fre
quency (as it will be for n .b.f.m.), then the set provides an 
audio output proportional to the magnitude of the change 
in frequency. Any attempt to receive the signal with the 
a.g.c. circuits in operation will degrade the response. 
However, the frequency/ampli tude conversion is generally 
far from ideal since the i. f. response curve is unlikely to be 
linear. 

M any special discrim inator circuits have been evolved 
some of which require the signal to be pre-lim ited, although 
in o thers the limiting is carried out within the discrim inator 
stage. Some discriminators requ ire the use of special multi
grid valves such as the nonode (EQSO) or gated-beam 
(6BN6) valves; others need two diodes which may be either 
thermionic diodes or crystal (semiconductor) diodes. The 
most common forms of discriminators using diodes arc the 
Travis (double tuned circuit), the Foster-Seeley and the 
self-limiting ratio-detector. 

A discriminator for n.b.f.111 . should be designed so that 

- FREQUENCY -

Fie:. ~.70. Rec;e ption of an n.b.f.m. sisnal on the skirt oft.he i.f. selec· 
tivity c·urve of an a.m. communications receiver. A signal of varying 
frequency when tuned to a point such as 8 on the skirt will cause ~ 
correspondine: variat_ion in the current throug'h the followin1 

detector. 
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its linear response just covers U1e basic deviation of ± 2·5 kc/s 
plus the more significant sidebands, or say roughly 7·5 kc/s 
bandwidUl. It should be noted that the usc of a wideband 
discriminator using a broadcast i.f. of J0·7 Mc/s is not 
suitable for n.b.f.m., and this means that the special ratio
detector discriminator i.f. transformers with a tertiary winding 
cannot be tL5cd. However, 465 kc/s i.f. transformers with 
centre-tapped secondary windings arc marketed (intended 
primarily for use wiUl crystal filter circuits) and U1is means 
that a Foster-Seeley discriminator can be constructed. Since 
this type of discriminator initially requires the removal of 
amplitude variations of the incoming signal, it is necessary 
to precode the discriminator wi th one, or preferably two, 
stages of limiting. This is usually achieved by the use of 
pentode amplifiers operated with a suitable tfo1e-<:onstant 
network in the grid circuit and/or in a saturated condition 
by the use of very low screen voltages. 

Fig. 4.71 shows a 465 kc/s n.b.f.m. adaptor using two 
limiting stages followed by a Foster-Seeley discriminator 
suggested by G2HCG; although originally intended for use 
on 144 Mc/s it would be equally suitable for h.f. operation. 
The 9001 type valve was chosen because of its small size, 
low power requirements, short grid base and relatively low 
gai11; although other types (such as octals 6J7, 6SJ7, 6SS7) 
could be used, modern high-gain types should be avoided. 

Travis or gated-beam discriminators can be designed and 
adjusted to give the required results, and to provide a high
volts-per-kc/s-deviation output; but few ent irely suitable 
designs based on these circuits have been published in recent 
years. 

A four-diode phase discriminator intended for use with 
465 kc/s i.f. stages is shown in Fig. 4.72, offering the advant
age of not requiring a centre-tapped i.I'. transformer. This 
uses a capacitive divider to obtain the centre point in con
junction with two double diode integrator detectors. Such 
an arrangement, as with the Foster-Seeley discriminator, 
should be preceded by some form of amplitude limitation. 

There would appear to be excellent scope for further 
development of n.b.f.m. for amateur h .f. and v.h.f. applica
tions; but the relatively few amateurs equipped for really 
effect ive reception of this mode tends to discourage its wider 
use. An n.b.f.m. signal received on an a.m. receiver by off
tuning tends to sound under-modulated and docs not give 
really good communications effec tiveness. 
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Fir. 4.n. A four-diode phase discriminator for na.rrow·b~nd 
frequency modulation receptio n. 

MAINTENANCE AND FAULT-FINDING 

A difficult problem for an amateur operator is knowing 
whether his receiver is providing the optimum performance 
of which it is capable. Valve or component deterioration or 
the gradual drifting out of alignment of the tuned circuits 
may degrade performance to a marked extent before the user 
becomes aware or it, poor results being attributed lo the 
vagaritics of b.f. propagation conditions. ft should be 
appreciated that, no matter bow well constructed, receivers 
containing up to 20 valves are certain to require occasional 
servicing attention. The use of semiconductors instead of 
valves can bring about a considerable improvement in 
reliability- provided that care is taken in design and use to 
avoid subjecting the devices to over voltages. 

In a multi-valve receiver, the failure of one 'or two stages to 
contribute their full quota of gain may remain unnoticed 
because of the considerable reserve of gain usually available 
in such sets yet, especially where the fault lies in a n early 
stage, this may result in serious degrading of the signaJ-to
noise ratio. There is no simple answer to this problem. Few 
amateurs have available the laboratory-type instruments 
necessary to measure h.f. receiver performance to the degree 
of accuracy required to show up only slight deterioration. In 
practice, il is by no means unusual for a long spell of dis-
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Fie. 4.71. A 465 kc/s n.b.f.m. adaptor. 
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appointing activity on the higher frequency bands to be 
traced finally to an unsuspected receiver or aerial fault. There 
are almost certainly many receivers in use which could be 
greatly improved by carerul re-alignment, by replacement of 
leaky decoupling capacitors or by the substitution of new 
valves either the same type or one of the newer low-noise 
types, though the latter should only be undertaken by those 
with the requisite knowledge. 

An operator should always endeavour to memorize the 
true " feel "of a receiver when it is working weJJ, so thai any 
later deterioration can be more readily noticed. The S meter 
readings of the crystal calibra tor or a n external oscillator 
such as a BC22l are useful for checking performance. It is 
useful also to keep under observaiion the results being 
achieved by other amateurs (noting the RST reports they 
give is not always a good basis for this-better to observe 
how much difficulty 1:1\cy have in copying weak signals). 
The selectivity characteristics of a receiver can be kept fairly 
accurately under review by noting its single-signal capabilities 
on c.w. signals or the degree or ringing on a single crystal 
filter. 

Valve deterioration can often be readily checked by direct 
substitu tion of known good valves, though this can some
times be an uncertain guide because of the need in some 
stages for slight retrimming Lo compensate for differences in 
inter-electrode capacitances when changing valves. 

An occasional routine check of the voltages applied to the 
valve sockets of each stage is most useful, not only for locat
ing actual faults but also for bringing to light gradual changes 
in valve currents and component values. For maximum use
fulness such checks should always be carried out on the same 
testmeter (preferably of at least 1000 ohms per volt sensi
tivity or better still 10,000 or 20,000 ohms per volt) to 
eliminate the effect on the readings of the current drawn by 
the meter. It is good practice to note the readings each Lime 
into an equipment record book. Most receiver manu
facturers issue service information listing typical valve 
voltages to be expected with meters of defined sensitivity, 
but it is better to prepare a ta hie of measured voltages for the 
individual receiver, and to check these from time to time. As 
the valves age, there will inevi tably be some slight changes 
(of the order of 10 per cent) which can be safely disregarded. 
Watch should be kept for the fairly pronounced changes 
which would indicate that a valve is becoming "soft," its 
emission failing, or it is otherwise reaching the end of its 
useful life. Measurement of valve voltages will also help pin
point such common faults as the gradual increase in value of 
feed resistors carrying d.c., leakage of decoupling capacitors 
and high-resistance joints. 

To trace the more obscure faul ts- or those of a n inter
mittent nature- may require considerable patience and some 
knowledge of radio servicing techniques-many of which are 
basically applied common sense and a knowledge of Ohm's 
Law. Because an amateur is seldom so concerned \vith the 
time factor as a professional service engineer, it is usually 
possible for him to trace eventually even the most difficult 
faults, with the aid of only a testmeler and a small supply of 
substitute components: the amateur with experience of 
constructional work soon develops the necessary flair for 
fault-tracing. 

Because it is easy to accidentally damage or destroy 
semiconductors during servicing, tracing faults in transis-
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torized receivers calls for special can: and additional know
ledge. This question is discussed in the RSGB publication 
Amateur Radio Techniques and in the many radio servicing 
books. 

Re-alignment 

The performance of a receiver is governed to a great extent 
by the accuracy with which the various tuned ci rcuits in the 
i.f. and r.f. stages are aligned. In all equipment there is the 
tendency for such circuits to drift gradually off-tune so that 
in time re-alignment becomes necessary. The firs t indication 
of poor i.f. alignment ofa communications receiver is usually 
a marked reduction in the effectiveness of a crystal filter. 
Fortunately, modern first-grade components- particularly 
i.f. transformers and air-spaced trimmers- arc extremely 
stable, and i11 normal circumstances only minor re-alignment 
is likely to be needed. This is usually only to take accoun t of 
variations in valve inter-electrode capacitances when re
placing valves. The performance of older receivers however, 
can often be substant ially improved by regultir re-alignment, 
particularly where the receiver is subjected to vibration or 
excessive humidity. 

There are two approaches lo the problem of re-a lignment 
(or three if one includes taking the set to a good service 
engineer with experience of communications receivers). 

Most manufacturers issue detailed instructions on the 
procedure recommended for the model concerned, listing 
such important matters as the correct i.f. and r.f. alignment 
frequencies, order of adjus tment and the layout of the 
various trimmers and cores. To carry out these procedures 
generally requires access 10 at least a reasonably good 
signal generator, output meter and a supply of non-metallic 
tools for adjustment of trimmers and cores. 

The other approach needs only a keen car, a few trimming 
tools, and-vitalJy important- a clear knowledge of what 
should and should not be attempted. Remarkably good 
results can be achieved by following this empirical method. 
But injudicious, haphazard o r excessive adjusLments can 
quickly and completely desensitize a receiver so 1hat it can 
only be made to work again by a full re-alignment carried 
out with proper servicing equipment. The amateur who is 
capable of benefiting from th is technique should need no 
guidance, those who do should never attempt to use it. 

A useful accessory when checking the :accuracy of the r. f. 
alignment of receivers havi11g accessible ai r-cored coils, 
without requiring the altera tion of trimmers, consists of an 
insulated non-metallic rod about 6 in. long with a small piece 
of dust-iron or ferrite core material fastened at one end of the 
rod and a similar small piece of brnss at the other. When the 
brass end is inserted into an h.f. coil it will lower the effective 
inductance; whereas inserting the dust-iron end will increase 
the inductance. This device (often called a 111ui11g wand) can 
be used to check alignment at various points on a waveband 
by noting the effect on a signal when the rod is gradually 
inserted. If the r. f. circuit is correctly adjusted, inserting 
either end of the rod will reduce the signal. On the other 
hand if the circuit is slightly off-tune, the signal can be 
peaked when inserting one or other end of the rod, depending 
on whether the circuit is tuned to the high or low frequency 
side of the signal. This device, unfortunately, cannot always 
be used on modern receivers, as these often have coils with 
variable cores which prevent the rod from being inserted. 
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PRACTICAL DESIGNS 

For a number of years amateurs have tended to use 
factory-built h.f. communications receivers, either those 
designed specifically for amateur or commercial work, or 
modified ex-Government receivers, some manufactured as 
Jong ago as World War 2. Recently, however, there has been 
a marked revival or interest in home-construction, particularly 
of receivers of advanced, modern design. One reason for this 
is economic: the factory production of high-performance 
receivers lo the most stringent modern requirements (and 
with the wide flexibility needed to cater for the differing 
interests of a largo number of users) is inevitably costly, and 
the price or such models is often some hundreds of pounds. 
On the other hand, the experienced constructor who is 
prepared to spend considerable time and effort can often 
build extremely good receivers for a much more modest sum . 

The newcomer to receiver construction is advised to gain 
experience before !tickling an advanced, full-specification 
receiver, unless skilled assistance is readily available. There 
is no belier way of gniiting a sound knowledge of receiver 
theory and practice than by tackling several designs of a 
relatively simple nature. A stra ight (t.r.f.) valve or transistor 
receiver will teach the builder much about components, 
wiring and layout, careful adjustment of regeneration and 
other important points. A simple superhet is invaluable for 
making clear tl1c problems of i.f. and r.f. alignment and the 
reduction of spurious images. Once basic experience had 
been gained, much more ambitious receivers can be tackled 
with Cl'Cry confidence, even by amateurs having available 
only a minimum of test equipment; this is especially true if 
the r.f. coil unit is obtained as a complete assembly or 
alternatively ir plug-in coils are used. 

Even if a factory-built receiver is used, there is usually 
no reason why it should not be improved, or made more 
suitable for the particular interests of the user: for example, 
ex-Government receivers such as the RI 155, Rl07, R1475, 
CRIOO, BC342, BC348 and the Command series (BC453/4/5) 
or the more-esteemed 1-IRO, Super Pro, SX28 and AR88 
models. The performance of the simpler models can be 
greatly improved by fitting an external pre-amplifier, Q 
multiplier or crystal tilter, S meter and calibration oscillator, 
while even the best receiver can be improved by an efficient 
aerial matching unit. 

It is possible to cxtc:1d the tuning range and improve 
performance on the higher frequency bands by means of a 
modern converter. High-performance converters can be 
built i11 a few evenings and yet can show the constructor 
almost as much about the principles and problems of super
het design as a complete receiver. 

Many of the o lder receivers use r.f. and mixer valves which 
are relatively noisy by modern standards. The sensitivi ty of 
such receivers can be greatly improved by tJ1e use of a low
noise converter or by modifying the front-end circuits. 

A set which is deficient in selectivity may be improved by 
adding an external un it , comprising a second frequency 
changer followed by an 85-JOO kc/s i.f. section (a device often 
referred to as a Q5'er) using, if desired, the BC453 Command 
receiver for the purpose o f alternatively an outboard i.f. 
amplifier with a half-lattice crystal filter, or a mechanical 
fil ter. A Q multiplier c.an also be used to improve selectivity. 

For c.w. reception it may be possible to improve results by 
fitting an audio filter or sclectojeet type of arrangement. 

The keen amateur never takes the design of even an expen-
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sive receiver too much for granted. All receivers turned out 
on an assembly line are essentially a matter of compromise, 
whereas the individual amateur tends to specialize in his 
interests. The c.w. operator will have very different ideas on 
what constitutes an ideal receiver to the operator who 
generally uses telephony. Those who work mainly on I ·8 and 
3·5 Mc/s (where site noise levels arc likely to be high) will not 
worry so much about extreme sensitivity as the 21 or 
28 Mc/s enthusiast. 

This is not to suggest that one should rnsh into tampering 
haphazardly with a complex receiver of modern design; but 
there is o ften no reason why new ideas should not be tried
particularly where they take the fo rm of an external unit. 
Useful devices arc regularly described in Amateur Radio 
magazines. Ct is important that the amateur should not be 
content to regard any receiver as a " black box " labelled 
" NOT TO DE OPENED." 

For those who want to build a receiver, but do not wish 
to spend too much time on shopping for components, 
complete kits with step-by-step construction manuals are 
available. 

A SIMPLE T.R.F. RECEIVER 

The straight 1-V-J (a traditional way of indicating a 
receiver having one stage of r.f. amplifica tion, detector, and 
one stage of a.f. amplification) can still form a n effective 
receiver for the lis tener and amateur provided that its funda
mental limitations are recognized. These include an inherent 
lack of selectivity which becomes progressively worse with 
increasing frequency and the inability to reso lve weak 
modulated signals. Apart from these limitations, it can 
compete with all but the best superhets in the realm of c.w. 

... ... ...... ~ , . . ' .. 

A rear view of the t.r.f. receiver. The components m ay be identified 
by reference to Fie. 4.74 (b). 
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Fi1. 4.73. Circuit diagram of 1impfe t.r.f. receiver using m iniature valves. 

recepiion so long as extreme selectivity is not a first require
ment, particularly on the lower frequency bands such as 
l ·8 and 3·5 Mc/s. 

The circuit of a simple receiver of this type, built by 
G3NGS to a design by the late GBTL, is shown in Fig. 4.73. 
T he circuit has three stages: a variable-mu pentode as r.f. 

TABLE 4.3 

COMPONENTS TABLE FO R FIG. 4.73 

CI. 5 350 pf air-spaced variable capacitor (Jack<on Bros. 
(London) Led .. U-cypc miniature) 

C2 0·01 11F 350 volt workin' capacitor (Oubili er) 
Cl 0 ·1 11F 200 volt working opacitor (Oubilicr) 
C4, 9, 11 0 ·05 µF 350 volt workin' apacitor (Oubilier) 
C6 160 pf air-spaced variable capacitor (Jackson Brcs. 

(London) Ltd.) 
C7 0·0003 µF silver mica capacitor (Oubilicr) 
CB O·OOl 11F 350 volt working capacitor (Oubilior) 
C IO 2511F 11 volt e lectrolytic capacitor (Oubilier) 
C 12 8 11F 350 volt e lectrolytic <apacitor (Oubilier ) 
LI Maxi-Q miniature coil (blue) lor nni• desired (Oenco (Cla<

con) led.). Screeninc cin supplied with coils. 
L'2 M:ixi-Q min iature coil (1reen) (or r.lngc de.sired (Denco 

(Clacton) Ltd .). Screening can supplied with coils. 
RI 27 K ohms t watt (Oubilior) 
R7. 250 ohms + watt (Oubilier) 
R3 2 Megohms t watt (Oubilier) 
M I Kohm t w• tt (Oubilier) 
RS 50 K ohms 2 watt (Oubilior) 
R6 10 K ohms 2 w•tt (Oubil ier) 
R7 I Megohm potentiometer w ic:h switch (Oubil ier) 
RS 820 ohms I watt (Oubilier) 
R9 100 K ohms! w•tt (OYbilicr) 

Mi scelfa.ncou1 
T I ouc:puc tnnsformcr for speaker 
2 Nov2I valve bucs !or coils (MCMYrdo XM9/ UCI 
I dial lamp (Bulgin 0170 or similar) 
2 phone jacks (Bulcin typo J2) 
I 906 valve (Brimar) 
I 12AU7 valve ( Brim>r) 
2 terminals (aerial and earth) (Bulcin) 
2 knobs with skirts (Bulgin K401 ~d K40S) 
2 knobs (Bulsin K'400 and K41 0) 
I six-way connector (8ul1in P149) 
6 solder u is (Bulsin Tl 7) 
I Noval valve bue for Vl with sc.recning c~n (HcMurdo 

XM9JUCI ) 
I B7G va.lvc buo for VI with screonini can (McMurdo XM7/UCl) 
1 slow motion epicyclic 6 : I drives for CS and C6 (Jackson 

Cat. No. 4511) 

amplifier, and two triodes con1aincd in U1e same valve 
envelope, operating as regenerative detector and a.f. amplifier. 

The signal picked up by the aerial is transformer-coupled 
to the first tuned circuit consisting of the secondary of LI and 
the tuning capacitor Cl and applied to the control grid of VJ, 
the r.f. amplifier valve. After amplification the signal is fed 
via the un tuned primary of L2 and its associated tuned 
secondary to the coupling capacitor C7 and so to the grid of 
the detector V2a. lt wi ll be observed that a third winding 
(connec<ions 3 and 4) is included in the L2 assembly and 
wired from the anode of V2a via the variable capacitor C6 to 
earth. This third winding is closely coupled to the grid coil 
(connections 5 and 2) to provide regenera tion or reaction. 
Regeneration increases the sensitivity of V2a as a detector 
and if increased far enough causes the valve to oscillate. 
The amount of regeneration or reaction is controlled by the 
variable capacitor C6. For phone work it is best to set the 
control just below the point where oscillation begins but for 
the reception of c.w. (telegraphy) signals C6 should be ad
vanced to the point where V2a just begins to oscillate. This 
point will be marked by a faint " rushing" sound in the 
headphones or loudspeaker. No advantage wi ll be gained 
by increasing the amount or regeneration beyond this point. 
R6 acts as an r.f. load in the anode circuit of V2a for 
regeneration. 

The audio signal from the detector is built up across the 
load resistor RS and fed via C9 to the volume (or gain) 
control R7. The slider of this control (the centre terminal) is 
connected to the grid of V2b which functions as an audio 
amplifier to raise the level of the signal sufficiently to drive a 
small loudspeaker or headphones. Dias for th is valve is 
developed by the flow of current through R8 in a similar 
manner to the bias for VI. The amplified audio signal is fed 
to the loudspeaker by transformer Tl which provides the 
necessary match for a low impedance (3 ohms) speech coil. 
T he use of headphones is made possible by feeding the audio 
signal through Cl 1 to the jack socket J2. 

The complete receiver, with the exception of the power 
supply, can be built on an aluminium chassis mc.,suring 
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EARTH AERIAL 

Fig. 4.74. W irine and layout dia1rams of the simple t.r.f. reoeiver. (a) Under· 
chu1i1 layout of th e components showing point-to-point w iring. (b) Above· 
chusis layout of components. (c) A rrancement of the controls on the front pit;nel. 6 " 

6! in. x 5 in. x 2 in. fitted with a front panel 6 in. high, 
though the dimensions are by no means critical. 

Supplies to the valve heaters should be connected with 
twisted heavy gauge wire to reduce hum and voltage drop. 
One side of the heater line may be earthed at the power input 
socket or, if hum is prevalent, a "humdinger" should be 
fitted. A humdinger is a low-value potentiometer (about 
50 ohms) with the outer two contacts connected across the 
heater line and the centre contact (slider) earthed. The slider 
should be moved around the centre of its travel until a 
minimum of hum is found. The potentiometer should then 
be left at this setting. 

Component layout is not critical so long as interstage 
wiring is short and direct. The radio frequency amplifier 
(Vl and its associated components) should be well screened 
from the following stages to lessen the chance of feedback. 
For the same reason CJ should be mounted sub-chassis and 
C5 above chassis level. The only other components above the 
chassis are the speaker transformer Tl and the reaction 
control C6. Miniature slow-motion drives should be fitted to 
CS and C6 to ease the tuning in of weak signals. 

Fig. 4.74(a) shows the underchassis layout and provides 
a point-to-point wiring diagram. The placement of parts 
above chassis is shown in Fig. 4.74(b) and the front panel 
layout in Fig. 4.74(c). 

The power requirements of the receiver are very small and 
a power pack giving 6 volts at I amp and 250 volts at 30 
milliamps will be found to be quite adequate. The live side 
of the mains may be brought into the set via the six-pin 
plug, taken through the switch on the volume control (R7), 
and taken out again to the primary of lhe mains transformer. 

Before switching on for the first time, it is a good practice 
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to check for any short across the h.t. terminals as this can 
cause serious damage to the power pack. If, on switching on, 
RS and R6 beat up, check that the vanes of C6 are not bent 
or shorted by metal filings. If the set docs not function 
after ample time for warming up, check that the coils have 
the same number and are inserted correctly. 

A list of components is shown in the accompanying table 
together with the names of manufacturers of suitable items. 
There is, however, no reason why elcclrically equivalent 
parts of other makes should not be used. 

Simple Superhet Receivers 

Two and three valve'' straight " receivers can still provide 
acceptable results for c.w. reception on the lower frequency 
bands, but require most careful adjustment and operation if 
tolerable selectivity is to be obtained on the higher fre
quency bands. This is especially true if the receiver is 
required for two-way working as opposed to general listening 
where it normally matters less if stations are at times blocked 
out by adjacent channel interference. For serious operation 
throughout the h.f. spectrum (or for use in conjunction with 
a v.h.f. converter), it is practically essential to use a superhet 



Tho RSGB Transistor Four designed by GJHB W as :> low.cost 
su pe,.h ~t. 

design in which both high gain and good selectivity are 
obtained at a relatively low radio frequency. 

For the home constructor, a first h.f. superhet represents an 
important milestone. This is not so much because of any 
inherently greater complexity in its construction; indeed a 
simple superhet may contain appreciably Jess components 
and require Jess careful screening than would a good t.r.f. 
receiver. Rat11er it is because in the construction of a supcr
het, tbe basic assembling and wiring represents only tJ1e first 
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parts of the complete work, almost as much effort and as 
much skill may be required in the adjustment of the tuned 
circuits and the calibration of the receiver. 

With a superhet one may complete the set absolutely 
correctly and yet be unable to receive any signals at all until a 
certain stage in the alignment is reached. This presents con
siderable difficulties to the constructor who does not have 
access to an adji1stable calibrated oscillator of the signal 
generator or grid dip type and who has therefore to rely on 
"blind" adjustment of the circuits. It must be stressed that 
the complete alignment of a complex single or double con
version superhet receiver without an adjustable oscillator 
can be a difficult operntion calling for considerable patience 
and not a little luck. Where any form of calibrated oscillator 
covering the i.f. and/or h.I'. rnngcs is available the difficulties 
are great ly reduced. 

RSGB TRA N SISTOR FOUR 

A simple, low-cost tr:insistorized superhet receiver, using 
commercially available plug-in coils can be built cheaDIY 
and can give many hours Listening for each small 9-volt 
(PP3) battery, as well as giving the constructor a useful 
insight into small communication receivers. A receiver of 
this type can be built for appreciably less cost than a mains
operatcd valve receiver, and the complete absence of the 
mains power pack is an attractive safety feature when the 
set represents an initial constructional project. The receiver 
described below is based on a design prepared by A. L. 
Mynetl, G3HBW, for the RSGB Educational Committee. 

It is intended primarily for the headphone reception of 
amateur stations in the 1 ·8 and 3·5 Mc/s bands using a 
single pair of coils (1·8-5 Mc/s) but is capable of receiving 
amateur and broadcast signals throughout the range 515 kc/s 
(580 metres) to 31-5 Mc/s (9·5 metres) with the appropriate 
plug-in coils. The circuit is shown in Fig. 4.75. 

The receiver uses an OC170 (or~AF115) h.f. transistor as 

CIS 

JM~· 
E 8 G C 

OC170 

:~' ~ '" 

E & C 
OC71 , om. AC107 

3K 

a 
GET880 

+ 

fie. 4.75. C ircuit diagram o the RSGB Tr~nslstor Four. 
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Fie. 4.76. Dri lling d ia.cra.m for the front pa nel. 

a self-oscillating mixer (TRI) providing an i.f. output on 
about 465 kc/s. A second OCI 70 (TR2) is used as a regenera
tive i.f. ampli fier, with the gain/regeneration controlled by 
VR I which adjusts the amount of negative feedback in the 
stage to balance the positive feed back resulting from the 
effects of' C I J and the internal capacitive feedback of TR2. 

The ampliliecl i.f. signal is demodulated by the diode 
envelope detector (CRl), followed by two stages of a.f. 
ampli fica tion (TR.3, TR.4) which can conveniently be OC7 I 
or almost any similar a.f. transistor. Control of the a.f. 
gnin is governed by adjustment of VR2 which varies the 
amount or negative feedback in the final stage. 

Low-impedance headphones are connected directly in the 
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Fi g. 4.77. M3in components on the ve r t ical chassis. 

collector circuit of TR4, and although this may appear bad 
practice (in general the direct current component should not 
flow through a good pair of headphones since this can cause 
changes in magnetization), in this case the collector current 
is too small to change appreciably the d.c. magnet ic field . 
Although only two tuned circuits are used in the i. f. scctioo, 
selectivity is aided by the use of a regenerative stage, and 
shows considerable improvement over thnt of a simple 
straight receiver. 

Sensitivity is lim ited by the absence or an r.f. stage though 
this will be less important on the lower frequency bands 
where external noise is h igh; with only one tuned signal 
frequency circuit- damped by the aerial- there will inevit
ably be image responses, particularly on higher frequencies
Nevcrthelcss, a surprisingly large number of amateur phone 
and c.w. signals can be received satisfactorily, particularly 
when used with a reasonably high aerial some JO ft. to 60 ft. 

TABLE 4.4 
P>rts List for the RSG B T ransistor Four-Fig. 4.75 

Capacito rs 
Two lµF sub-miniature electro lyt ic:s ( ISV r~tini) 
One 8 '"F sub·miniatura efectrolycic ( IS V r:tting) 
Two SO µF sub-miniature elcctro lytics (15V ratini) 
One 250 µ. f sub.mini~ture eleccrolytic ( I SV r;u i.ig) 
Two 0 ·005 µ F P•pcr (1 50V rating) 
One 100 pF tubular ceramic 
One IS pf tubulir ceramic 
One 100 pf Sullex polystyrene (350V, 5 per cent nting) 
One 1000 pf Sullex polystyrene (SOOY, 2 per cent rating) 
Cl. C10 & C12, 0·1µ F ISV ruing 

Resis tors 
All R>diosparcs type RS, t -wa11, 10 per cent r31in,. 
Ona 470 ohms; two I K: one 3·3K; one 3·9K; ona 5·6K; ono 8 ·2K; 
two IOK; ono 12K; one 18K; one 47K; two 56K; ono IOOK. 

M iscellan eous 
Tho fo llowin g p>rts can be obtained from Hom o Rndlo o ( Mitch• ni 
On o 12 yord ree l ZBA connecting wire. any colo ur. 
Oo o 6 yard reol ZOB con necting wire, any colour (min ii\Curc). 
Ono VC l2 310 pF plus 310 p F, t wo g>ng condonscr, 
Ono DLSOA •Pkyclic drive, with flange. 
Ono Maxi·Q Coil, transinor tuning, range JT, red. 

(Oenco (Clacton) Ltd.). 
One 

O ne 
One 
Ono 
One 
Ono 
Two 
Two 
O ne 
Ono 
Two 
One 

VR2S 
VR82 
JH6 
PKi 
PKi 
VC62 
VH3 
TRC72 
TRC73 

Maxi-Q Coil, t ransistor luning. r11ngc 3T, blue. 
(Denco (Cla.e<on) ltd.). 
100 ohm wirewound potentiometer, I w:au. 
3 K ohm log potentiometer, with d .p, switch. 
firanic P72 c/c jack socket, 
Clix Socket, red. 
Clix Socket, bl>ek. 
Mullud trimm ers, 3 - 30 pf. 
89A valveholders, nylon (used :u coil holden). 
Weyrad l.F. transformer, PSO/JCC. 
Wcyrad l.F. transfo rmer. PS0/2CC. 

Ono 
Ona LK 141 
Ono LK231 I 
SO LK301 I 
Three Z40 
Ono 

! in. d i>. black fluted knobs. 
Ii in. d ia. black fluted knobs. 
Pl>3 b>ttery. 
Chassis plate No. -4. Lektrokit , 
Bracket No. I. Lekcrokit, 
Pins solde ring, lektrokit. 
Grom mets co fie Zin . holc.s. 
Battery con nector for PPJ. 

N uts a nd bo lts 
Throo I in. long '4 SA ch. hd c•d steel screws. 
Throo l in . 4 BA ch. hd cad steel screw" 
Two ! In. 6 BA ch, hd cad steel screws. 
Twelve ! In. 6 BA ch. hd cad steel screws. 
Two -h in. 8 BA csk. cad steel screws. 
Three 2 BA cad >1eel hall-nurs, 
Six i 8A cad steel nuts. 
Twtinty-four 6 BA cad steel nuc.s . 
Sfx 6 BA soldering tags. 
Ono 4 BA star tag. 
Six 6 BA e>d. steel washers. 

Semiconductor~ 
Two OC l70 (TRI and TR2) 
Two OC71 or 0C72 or AC f07 o r GET880 
One OA81 or similar (CR1) 

(TR3 and TR~). 
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Fig. 4.78. Tunins sale and a.pproxim;itc c:;ilibr:u:ion for the 1 ·8 to 
S Mc/s r.ange. 

long; an earth is preferable, particularly for recept ion on 
lower frequencies, but it is not essential. 

The incorporat ion of a regenerative i.f. stage means that 
when this is set just above the threshold of oseillalion c.w. 
stations and (with very careful tuning) s.s.b. stations can be 
received. 

The receiver is constructed in the form of a front panel, 
consisting or a bent sheet of 18 s.w.g. aluminium, with a 
similar piece of aluminium to form a vertical chassis. Three 

HGLf S 
0A° - ~.-a 1A 
·a· _s,14 Oil 

·c·- 1/f OIA 

'o' - 9/~0IA 

Fi3. 4.79. Orllling diagram for the verti cal chassis. (Left) the battery 
clip. 
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rubber grommets arc used as "feet." Most or the detailed 
wiring is carried out on half of a Lctrokit (LK141) perforated 
wiring board. 

Since transistors can be damaged or destroyed by excessive 
heat or by incorrect polarity of the supplies, it is necessary 
to be most careful not to leave a hot soldering iron in contact 
with the transistor leads longer than absolutely necessary, 
and to check all wiring including the battery clip connector 
and switch. Do no t clip the battery connector on to the 
battery until all wiring has been completed and carefully 
checked against the diagrams. Care should also be taken 
not to allow the hot soldering iron to come into contact 
wilh the casing of the polystryene capacitors. 

Fig. 4.80. Main components on front panel. 

Adjustment and Alignment 

When the receiver has been completed, and all wmng 
most carefully checked, plug-in tbe Maxi-Q coils (3T red and 
3T blue), the blue coil being inserted in the socket nearer the 
front panel. Turn both coil core-adjusting screws until about 
! in. protrudes, and set both the Mullard trimmers to half· 
mesh. Plug in a pair of low resistance headphones (for 
example type DLR), connect the battery clip, turn the a.f. 
gain control ful ly clockwise, the r.f. gain fully anti-clockwi~e 
and switch on. 

A faint hiss should be heard in the 'phones. Advance the 
r .f. gai1\ and the i.f. stage should go into oscillation with a 
louder hiss. If this does not happen, advance the r.f. gain 
fully clockwise and adjust the core in one (either) i.f. 
transformer, first in one direction and then the other using 
a nylon trimming tool or chisel-pointed matchstick for this 
operation; do not use a metal screwdriver since th is may 
crack the core. When the i.f. stage does oscillate, alternately 
adjust the i.f. transformer core and reduce the r.f. gain until 
finally the i.f. stage oscillates at the lowest possible setting 
of the r.f. gain control. 

Should a signal generator be available, the receiver input 
circuits may be aligned and the dial calibrated, using the 
following procedure: 

Turn the tuning knob clockwise until the gang capacitor 
vanes are completely meshed; set the signal generator to 
provide about 50 microvolts output (i.e. fair ly weak signal) 
at a frequency of l ·62 Mc/s, feeding tills into the aeria l and 
earth terminals of the receiver. Turn the receiver's r.f. gain 
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Main assembly of Transistor Four. 

until the i.f. just oscillates and then adjust the red coil core 
until the signal is received. COT EDG( or SD•~o P)D/ZCC .. 

Then tw·n the tuning control anti-clockwisew1til the ganged 
capacitor vanes arc completely ou t o f mesh, tune the signal 
generator to 5·25 Mc/s and adjust the Mullard trimmer on 
the red (osci llator) coil side until the signal is again heard. 

~ 
1- U 

~~ 
Ir '\ ~Ill 

x~ TOI OF 
ffi'~ ITT I 

G- ~ - ~ J I~ ~ 

I~ 
Cl •• - -- ~ e - -- -·i) If you now retune the set and generator to l ·62 Mc/s the ~L 

setting may no longer be quite correct. Repeat the two 
adjustments at I ·62 Mc/s and 5·25 Me/s until both ends are 
right at the same timo. T hen tune in the I ·62 Mc/s signal and 
adjust the blue coil core for optimum signal strength; and 
adjust the Mullard trimmer associated with the blue coil for 
maximum signal strength at 5·25 Mc/s. At this stage the 
receiver wi ll be aligned and accurate calibration marks can 

-. ~l 

be made on the dial by tuning the signal generator to 5·0, 4·5, 
4·0 Mc/s, etc. Indian ink or a ball-point pen may be used to 
mark the dial. 

---
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- -1--
-

I 
J_ 

. 
Cll ~~ 

·r 
·-

1m· -N @· 
I:~~ A6 ~ 

core of the blue coil for loudesi 
signals at this end of the 
wave-range; then tum the 
1uning knob until the capacitor 
vanes are almost completely 
out or mesh, and adjust the 
Mullard trimmer associated 
wi th 1hc blue coil unit signals 
arc loudest; repeat these ad
justments until optimum re
sults over the band are 
obtained. 

Frequency cal ibration may 
be accurately checked by 
listening for the frequency 
standard station MSF on 2·5 
Mc/s and 5·0 Mc/s (this 
usually lransmits a carrier 
modulated with distinctive one 
second " ticks ") another use
ful identification signal is the 
strong " Loran " navigational 
signals which can be heard at 
night transmitting a charac
teristic " buzzing" signal oc
cupying a broad channel on 
about l ·95 Mc/s. Amateur 
stations should, of course, be 
heard between 1 ·8 and 2·0 
Mc/s and also between 3·5 
and 3·8 Mc/s, as well as many 
small ships transmitting phone 
in the range 2·0 to about 3·0 
Mc/s. 

1soqcc rfCi&r. 
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· ~ 
'';Tl I I 

I 

Where (as will often be the case) no signal generator is 
available, the set can still be aligned quite easily without one. 
lf the coil cores and trimming capacitors have been set as 
suggested earlier in this section, the receiver will probably 
not be far out of alignment. The scale of Fig. 4.78 can be 
copied on to the dial and should prove reasonably accurate. 
Then with a n aerial plugged in, turn the tuning control 
clockwise unti l the vanes arc meshed and then adjust the Fig. 4.8t . W.yout of perforated wirine board (a) top; (b) below. 
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LOW-COST HIGH STABILITY CONVERTER 

Many older communications receivers provide adequate 
performance on the lower frequency bands but lack stability 
and/or sensitivity and good bandspread tuning on the 
higher frequency bands. One satisfactory answer to this 
problem, often providing an additional useful lease of life to 
be given to receivers acquired second-hand or as government 
surplus, is to use the basic receiver as a tunable i.f. system on, 
say, 3·5 Mc/s in conjunction with a sensitive crystaf..con· 
trolled front-end converter for bands above 3·5 Mc/s. 

Many suitable designs can be evolved from the circuits 
P• o:sented earlier in this chapter: basically such a converter 
will usually comprise an r.f. amplifier (possibly omitted if 
a low-noise mixer is used) mixer, crystal-controlled oscilla· 
tor and possibly a cathode-follower to facilitate low
impedance coupling to the main receiver. Most published 
designs have used valves, but there is clearly scope for the 
development of transistor units for this application, provided 
care is taken to minimize cross-modulation problems. 

Most circuits require a separate crystal for each band, or 
alternatively reverse the .receiver tuning direction on one or 
more bands (for example by using a 10·5 Mc/s crystal to 
provide 3·5 Mc/s output on 7 Mc/s and on 14 Mc/s, or a 
17·5 Mc/s crystal frequency for 14 and 21 Mc/s). However an 
economical and simple converter capable of good perfor
mance using only a single 3500 kc/s crystal has been des· 
cribed by F. Johnson, ZL2AMJ-sce Fig. 4.82. 

This two-valve unit functions as a crystal-controlled 
converter on tbc 7, 14 and 2l Mc/s amateur bands and as a 
straight pre-amplifier on 3·5 Mc/s. The converter provides a 
broad-band output on the 3·5 Mc/s band, and all tuning is 
carried out on the main receiver. It should prove particu
larly effective in conjunction with an older receiver having 
good bandspread tuning and stability on the 3·5 Mc/s band. 
The selectivity will depend entirely upon that of the main 
receiver when operating on 3·5 Mc/s. One disadvantage 
is that the unit produces a strong spurious marker signal on 
7000 kc/s which can block the first few kilocycles of the 

VI - 6U8, ECF82 
V2 - 12AT7, ECC81 

ISOpF 

IKO 

IOOpF 
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7 Mc{s band, this can be minimised or eliminated if the 
crysta l is slightly lower in frequency than 3500 kc/s as 
described later. 

The converter comprises the triode section of a 6U8 
(ECF82) triode-pentode working as a grounded-grid ampli
fier. Tbe pentode section of the functions as mixer with a low 
noise contribution. One half of a 12AT7 (ECCS I) functions 
as crystal osciUator and the other section as a cathode 
follower output stage following the mixer. There arc no 
tuned circuits at the broadband i.f. of about 3·5-4 Mc/s, 
consequently no ganged tuning circuits arc used. 

For 3·5 Mc/s reception the oscillator is switched off and 
the remaining stages act as a pre-amplifier. On other bands 
the crystal oscillator frequency is always 3·5 Mc/s lower than 
the band being received, so that the signal frequency rises as 
the main receiver is tuned higher across the 3·5 Mc/s band. 
For 7 Mc/s the crystal oscillates on its fundamenta l frequency 
of 3500 kc/s, for 14 Mc/s on its tbird "overtone" of about 
10·5 Mc/s and for 21 Mc/s on its fifth "overtone" of 17·5 
Mc/s. Note that for overtone operation the output is not 
precisely at the exact harmonic of the crystal fu11dnmcntal, 
although close to it, so that a smaU correction wi ll be needed 
to the original receiver calibration. Otherwise the 3·5 Mc/s 
calibration applies in terms of tens and hundreds on all 
bands, and the tuning rate will be the same on all bands. 
Thus 7·1, 14·1 or 21·1 Mc/s signals should be received on 
about 3·6 Mc/sand 7·2, 14·2 or 21·2 Mc/son 3·7 Mc/s, etc. 

In order to maintain this approximate 3·5 Mc/s calibration 
on all the other bands, the crystal needs to be fairly accurate 
on 3500 kc/s. However if this is not regarded as vital, it is 
often possible to use a crystal some kc/s lower in frequency. 
For example a 3490 kc/s crystal would tune 7000-7300 kc/s 
as 3510-3810 kc/s, 14,000-14,350 kc/s as 3530-3880 kc/s 
and 2J,000-2J,450 kc/s as approximately 3550-4000 kc/s. 
This tolerance would allow the use of a cheap surplus crystal 
provided. that it is sufficiently active to oscillate readily on 
its fifth overtone. 

9pF 

Note that only two adjustable coils are used to tune the 

IOOK!l IOOKO 

OUTPU'i 
O·OljJF 

'"""..r-.......,H 

Fig. ~.82. Circuit diacnm of the hirh stability converter. 
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four bands wi1h L I left in para lle l wi th L2 on 14 and 21 Mc/s 
bands. 

Cons1ruc1ion and layout arc nol panicularly critical 
provided that r.f. leads are kept shon , and output ci rcuits 
placed well away from inpu1 circuits. 

All coils are wound on i in. diameter s lug- ltmed unshielded 
formers using 30 s.w.g. enamelled wire : LI 42 turns; L2 26 
turns, tapped a t 17 i·urns from the "earthy" end; L3 35 
turns; L4 13 turns; LS 8 1urns, spaced over i in. Formers 
could be 0·3 in. diame1er wi th a s light reduction in numbers 
of turns- this can easily be dc1ermined if a calibrated grid 
dip osci llato r is available. The fonncrs can be mounted 
a round 1hc Yaxlcy-type bandswi1ch. 

A lignment 

Af1er complet ing and checking all wi ring, the oscillator 
circuits must be adjusted so that 1he crys ia l oscillates on the 
correct overtone frequencies. This can be clone most 
read ily with a grid-cl ip oscilla to r used ns an nbsorption wavc
meter, tho ugh it should be possible to achieve satisfactory 
results by checking the output on the main receiver if this 
\viii tune to JO· 5 and 17· 5 Mc/s and care is taken not to be 
misled by harmonic output. Wi th the absorption device 
check and adjust the cores o f LJ, L4 a nd L5 until the 
oscillator is operating on the required frequencies. 

Then set the converter lo 7 Mc/s and connec\ it to lhe 
main receiver which is set to 3·5 Mc/s. Without S\7i tching on 
adjust LI for coverage of 7-7·5 Mc/sin cortjunction with the 
35 pF tuning capacitor by using the grid dip oscillator in the 
usual way (this can be clone with incoming signals without 
a g.d.o. but the process is more cl imcult). Switch to 3·5 Mc/s 
and check that ihe r. f. tuning range now covers 3·5-4·0 Mc/s 
(or just the Eu ropean section of the band- 3·5-3·8 Mc/s-if 
this is all that is required). lf the tuning range is incorrect, it 
may be necessary to replace or parallel the J 50pF tuning 
capacitor with o ther values. Once the 3·5 Me/s tunio.g range 
has been esta blished, switch to 14 Mc/sand adjust L2 so that 
1he tuning range covers 14-14·5 Mc/s. It should tJ1en be 
possible 10 tune the 21 Mc/s band wi1hout any further 
adjustment (the full tuning range will probably exceed the 
amateur band but this is of no consequence). Jn p ractice it 
will probably prove necessary to change the converter tuning 
only when tu1ting right across the band; when searching 
around only a small section of the band the control can be 
left unaltered. 

Once the tu11ing ranges have been adjusted, the unit 
should be ready for use. Signa ls can be peaked with the 
converter tuniug control when necessary, o therwise all 
tuning is done on the ma in receiver. Jr the gain of the h.f. 
converter should be excessive on some signa ls a gain control 
can be fitted on the ca thode fo l lower stage. 

1.F. Breakthrough 

O ne possible difficulty is that there may be i.f. break
through from strong local 3·5 Mc/s s ignals when receiving 
on the o ther bands. Scree11ing of lhc converter and the use 
of coaxial cable with screened connectors between converter 
and receiver may be sufficient lo overcome any difficulties. 
Should this not be the case, it may in some cases be necessary 
to fi t a fu rther tuned circuit in the form of an aerial tuning 
unit between the aerial and converter. Provided that tJ1e 
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main receiver is efikient on 3·5 Mc/s this combination should 
provide excellent sensilivity and s1abi li1y on all the bands 
concerned. 

T HE Q MU LTIPL IER 

A useful method of improving the selec1ivi1y of receivers 
is by us ing a Q multiplier. As already explained this is a 
ci rcui t usually construc1ed as an ou1l'oarcl uni t by which the 
sclectiviiy charac1eris tics of a conventiona l i.f. section may 
be appreciably improved wi1h out modifica tion of the 
receiver itself. When used for peaking, 1he device is most 
useful during the reception of c.w. signals when it can be 
;-,med to select any one of several signals on slightly different 
frequencies within the normal passband. When used for 
rejection the tunable notch can remove a troublesome 
carrier without any noticeable effect on the desired signal. 

Fig. 4.83 shows a practical circuit developed by G2BVN. 
When Si is turned to the" PEAK " position the tuned circuit 
(L2, C2, CJ and C4) is in parallel with the receiver i.f. co il to 
which the unit is connected and t:hc Q o f the combination is 
then ra ised by U1c positive feedback around 1V lb. The SK 
variable resis tor in the cathode of V.I b controls Ute :unount 
of regeneration and therefore the selectivity . Jn the " llllJECT " 
position o f Sl the tuned circuit is connected from the grid 
of Vi a to earth and at resonance, because of the high 
impedance of t11c tuned circui t, a voltage al the anode of 
VJa is fed also to the grid. This causes the apparent anode 
impedance of Via to be very low and severely damps the i.f. 
coil across which it is connected . At frequencies off 
resonance the tuned circuit impedance is comparatively low 
so that very little of the voltage at VJ a anode is fed to the 
grid. In the absence of Ulis nega tive feedback the anode 
impedance of Via is quite high a nd very little damping 
occurs. The width of the rejection notch is coatrolled by 
the effective Q of the tuned circuit. This is governed by the 
degree of regeneration and is adjustable using the o ther 5K 
variable resistor in VI b cathode circuit. 

An advantage of this form of Q 11111/tip fier is that the peak 
or notch can be tuned across tl1e passband of the receiver 
allowing signals to be selected without critical adjustment 
of the main receiver tuning. The unit is simple to construct 
and align and can be installed without ahering the receiver 
wiring. 

The heart of the unit is the coi l L2 which uses n ferrite pot 
core construction and has an inductance between 120 and 
150 microhenries for intermediate frequencies in the range 
450 to 470 kc/s. Suitable pot type coils arc available from 
Electroniqucs (Standard Telephones and Cables Ltd., 
proprietors), Harlow, Essex. To retain the high Q of this 
coil it should be mounted at least l t inches away from any 
fcrrou~ metal. The capacitors C3 :.11\d C4 should be close 
tolerance, good quality, silver mica types. Coil and capacitor 
values for other intermediate frequencies arc shown in 
Table 4.5. 

The coil LI is used to tu ne ou t the capacitive reactancc of 

TAB LE 4.5 

l. F. LI L2 CJ C4 

85 kc/s IS-60 mH O·S-2·5 mH 2500 pF 7500 pF 
475 kc/s l ·S.J ·O mH l20- l50 11H 1000 pf 3000 pf 
735 kc/s 750- IOOOµH 70-IOO µ H 750 pF 2250 pF 
9 15 kc/s 250-SOOµH 60-90µH 500 pF ISOOp F 

1600 kc/s 50· 120 µ H 40-60 11H 250 pf 750 pF 



Fig. 4.0l. Circuit diagram of the 
Q n1ultiplier. The fixed capaci· 
tors. with the exception of C3 and 
C4, can be or the disc ceramic 
type. Cl and C4 should be close 
tolerance silvered mica. Resistors, 
unless otherwiso indic~ted, can 
be of %- watt rating. T he values of 
Cl and C4 are for an intermediate 
freq uency of 450-470 kc/s. Values 
fo,.. other frequencies are given in 
Table 4.5,. The function switch is a 
three pole four way Y:ixley type .• 

the coaxial cable, connecting the Q multiplier unit to the 
receiver i.f. transformer, to avoid the need to retrim this 
circuit. The inductance of Ll and the capaci tance of t!.e 
cable should tune to the receiver i.f. Assuming the use of not 
more than 30 in. of good quality semi-airspaced or cellular 
coaxial cable, LI wi ll need to have an inductance or 1 ·5 to 3 
mill ihenrys. L I, C l may be omitted if there is no objection 
to retrimming the receiver i.f. transformer. Although the 
coaxial cable may be connected to any of the i.f. trans
formers in the receiver, it is advantageous to connect it to 
:he first i. f. transformer as this will reduce the chances of 
blocking or cross modulation. 

With the receiver on and the Q multiplier connected, turn 
SJ to OFF and tune in a steady signal, making sure it is 
correctly centred in the i.f. bandpass. Adjust the core of L1 
for the highest S meter reading or maximum a.f. output. ff 
the coil does not peak then the connecting cable wi ll have to 
be shortened or lengthened. If the highest signal strength is 
obtained with the coil fully out this would suggest the cable 
is too long. Once correctly set this adjustment will not have 
to be changed. 

T o adjust L2 turn SI to PEAK, the selectivity control to 
maximum resistance and C2 to mid-travel. Adjust L2 slug 
until the steady signal is peaked, then slowly rotate the 
selectivity control, re-peaking the slug when necessary. As 
the control is advanced the signal level should rise and the 
peak will become sharper until a point is reached where the 
circuit will break into oscillation. T he point of maximum 
selectivity will be just below this point. With the Q multiplier 
peaked, the tuning may be varied to boost any signal within 
the i.f. bandpass and attenuate other frequencies. At maxi
mum selectivity telephony stations should be unintelligible 
and it will be necessary to back ofT the control slightly. 
Should the circuit not go into oscillation, the cathode resistor 
(6-SK ohms) should be reduced, but not more than abso
lutely necessary. Too low a value may indicate that the Q of 
L2 is low. The cathode connection of the resistor should be 
made directly to pin 3 on the valve base. 

To obtain best results from the RmCT position, some 
practice is necessary as the adjustment is critical. A steady 
carrier should be tuned in and the b.f.o. adjusted to give a 
beat note of about 100 c/s. C2 and the reject potentiometer 
sbould then be ahernatcly adjusted until the best null is 
obtained, at which point the tuning should be found to be 
extremely sharp. 

SIMPLE Q MULTI PLI ER 

A simpler circuit for a Q multiplier for selectivity peaking 
only (that is, with no rejection notch facilities) and not 

SK 
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requiring any additional high-Q coils has been described by 
W3FYG. This arrangement can be incorporated in most 
receivers where it is desired to increase selectivity, particu
larly for c.w. reception : sec Fig. 4.84. 

The circuit uses a single additional double triode (e.g. 
12AT7 or J2AX7) as a multi-vibrator type oscillator using 
the existing iJ. transformer in the receiver as the tuned 
circuit. The device is most effective with single conversion 
receivers of only moderate selectivity, such as those depend
ing entirely upon i.f. transformers on 465 kc/s or 1600 kc/s 
or above to shape their response. 

Coarse (R2) and fine (Rl) controls are filled for the 
control of cathode coupling and thus govern regenera tion. 
Initially RI is set to minimum resistance and R.2 adjusted 
until the valve just goes into oscillation; then RI is backed 
off and used as the panel control. Remember when fitting 
the device that the additional capacitance across the i.f. 
transformer will require slight adjustment of the core or 
trimmer of this tuned circuit after installation. 

A possible difficulty is that there may be a tendency for the 
subsequent i.f. stage to go into oscillation. This can be over
ccme, as shown in Fig. 4.84, by the removal of the bypass 

Fia:. 4.84. Q.Multipliar without additiona l coils. The double triode 
valve is a 11AT7. 
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capacitor from across this valve's cathode-bias resistor; the 
slight loss of gain is more than compensated for by the 
beneficial effect of the Q multiplication. 

STENOOE RECEPTION FILT ER 

The single-crystal filter, when funciioning in maximum 
selectivity conditions, is generally regarded as providing a 
degree of selectivity which is too sharp for satisfactory 
a.m. or s.s.b. phone recep1ion, since 1he speech appears to 
become woolly and often almost completely unintelligible 
due to the loss of tJ1e high-frequency speech components. 

This concept is in contradict ion to the original use of tbis 
form of filter for the "stenode radiostat" receiver of tJ1e 
early 'thirties where a crystal fi ller of the same basic design 

RECEIVER 
2M 

HEADPHONES 
H l -Z 

~~~~~~~~~~~ 

Fig. 4.85 Ste.node tono .. corr• ction filter for phone reception t hrouch 
a crystal or Q -multiplier filter. 

as that sbown earlier in this chapter was combined with 
tone correction to pem1it the reception of speech and music. 
The stenode principle is to provide suitable treble-rise tone 
correction in the a.f. circuits to compensate for the treble-cut 
introduced by the sharp selectivity characteristics of a 
crystal filter. The bandwidth of signals passing through this 
type of filter-often ollly about 200 c/s for 6db down unless 
the filter is damped by a high impedance output-will 
normally render speech difficult to follow; but since the slope 
of the filter is by no means vertical, a high degree of tone 
correction (about 6db/octave) will restore the speech. ~This 
feature of the original Robinson stenode principle ha( been 

revived by L.A. Moxon, G6XN, who has further shown that 
it has the benefit of reducing selective fading of a.m. signals 
by reducing modulation percentages at higher audio fre
quencies (providing a form of exalted carrier reception) and 
by partial suppression of one sideband. 

The simple tone-correction filter of Fig. 4.85 can be inserted 
between the normal envelope detector and first a.f. amplifier 
(or even directly in the headphone lead) of an existing 
receiver, and provides the necessary treble-rise needed to 
match reasonably closely the treble-loss of a crystal filter. 
This technique can provide a most economical system of 
obtaining good adjacent channel selectivity for phone recep
t ion. 

AMATEUR-BANOS-O N LY DOUBLE SUPERHET 

There are many advantages to be gained by restricting the 
coverage of a home-built receiver to the amateur bands only. 
The receiver described in the following pages was evolved and 
built by A. J. Shepherd, G3RKK in order to provide good 
performance at moderate cost and to mee1 the need for a 
receiver which can be built easily with very few tools and 
capable of alignment with a minimwn of test equipment. 

It is basically a high-sensitivity double-superhet of the 
conventional type (i.e. fixed firs t and second intermediate 
frequencies) capable of good reception of a.m. and s.s.b. 
phone signals and c.w. telegraphy. It is most suitable for 
construction by enthusiasts with reasonable experience of 
home-construction, but who do not feel entirely confident of 
tackling the more complex type of tunable first i.f. receiver 
such as that described later in this chapter. A list of the 
components is given in Table 4.6. 

It should be noted that details of a later, modified version 
of this receiver have been published in the RSGB BULLETU'I 
reflecting the designer's continuing search for improved 
results in several directions, including reduced oscillator 
drift on the higher frequency bands and a considerable 
number of circuit changes. T hese various modifications can 
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Fig. 4.86. T he front-end of tho receiver (Electronique• ~po Q P166}. T he b;andswitch is shown In tho 1.8 Mc/1 position. Only the coi ls and 
trimmer·s for 18 Mc/s ar·o s hown: tho others occupy correspondinr position• on the ot.hcr bandswitch contacts. The osciSla.tor s witch 

section SIC is fitted with shortlna ~ontac-ts. 
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Fi&. 4.87. The second frequency changer and 85 kc/s i.f. strip. 

resull in improvements but involve rather greater complica
tion in construction; it is therefore proposed to base this 
section on the origimtl design which has been successfully 
duplicated by many amateurs. 

The key to the simplicity of the construction and align
ment lies in the use of a commercial front-end supplied 
pre-aligned. A suitable unit is available from Electroniques 
(Standard Telephones and Cables Ltd., proprietors), Har
low, Essex. This provides about 170° of bandspread cover
age on six amateur bands : Band I (160 metres) 1·8-2 Mc/s; 
Band 2 (80 metres)J-4-4 Mc/s; Band 3(40 metres) 7-7·5 Mc/s; 
Band 4 (20 metres) 14-14·4 Mc/s; Band 5 (15 metres) 21-
21 ·5 Mc/s ; Band 6 (10 metres) 28-30 Mc/s. 

It will be noted l'liat the width of the 3·5 Mc/s band covers 
the full allocation available to American amateurs, of which 
only 3·5-3·8 Mc/s arc available to European amateurs. 
The availability of a 2 Mc/s wide band (Band 6) means that 
the receiver can be used with a 144 Mc/s crystal-controlled 
converter to give full coverage of tJ1e European 144-146 Mc/s 
(2 metres) band. 

Ease of tuning is achieved by the use or a high grade 
tuning dial having a reduct ion ratio of 110:1. The tuning 
rate is better than l 0 kc/s per knob revolution, except on 
Band 6 where it is about 40 kc/s per knob revolution. 

The front-end unit comprising the signal frequency and 
local oscillator tuning circuits, r.f. amplifier, first frequency 
converter and associated circuits is supplied pre-aligned to 
provide an output signal on U1c first i.f. of 1620 kc/s with a 
hjgh degree of image interference rejection and with a 

parallel-tuned i.f. trap in the aerial input circuit to reduce 
breakthrough of strong signals oo or near the first i.f. 

The second i.f. of 85 kc/s makes it possible to obtain a 
high degree of selectivity (about 3 kc/s bandwidth for -20db 
reduction on peak) without using crystals or a mechanical 
filter. Response o r the a.f. circuits is restricted to about 
400- 3000 c/s, tbe low frequency cutting helping to offset 
the effect on a.rn. signals of the highly selective i.f. response. 
A better shape factor could be achieved with a half-lattice 
crystal filter but this would tend to make the receiver more 
difficult for newcomers not having test equipment. For c.w. 
reception, an external 1620 kc/s Q-multiplier is a useful 
additior1 (and is built-in for the Mark 2 version) ; a suitable 
socket is provided for connecting a Q-multiplier across the 
first i. f. transformer to provide a controllable degree of extra 
selectivity or a sharp rejection notch. 

A product detector is fitted for use on c.w. and s.s.b. with 
a diode integrator envelope detector for a.m. signals. The 
receiver has a peak noise limiter to remove audio peaks, a 
fast and slow acting a.g.c. system, an S-meter and a built-in 
100 kc/s crystal calibrator for providing check points 
throughout its tuning range. 

Frequency stability depends to a considerable extent upon 
the mechanical construction. With rigid bracing and suitable 
ventilation, drift can be kept low. Once the set has fully 
warmed up, frequency drift may be less than 500 c/s per 
hour, even on 30 Mc/s, and considerably less on the lower 
frequency bands. The use of silicon diode rectifiers with 
their low operating temperatures helps keep cabinec 
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temperatures down. A voltage regulator tube provides a 
stabil iied 150 volt line for supplying stages which could be 
affected by supply variat ions. 

Basically the receiver has an EF183 (6EH7) high-slope 
tuned r. f. amplifier stage and ECHSl (6AJ8) fi rst frequency 
converter in the factory-built front-end. T he 1620 kc/s 
signal from this sub-unit goes to Vl (ECH42, 6CU7), the 
second frequency changer with crystal-controlled oscillator. 
V2 (6BA6) and V3 (6BA6) are both 85 kc/s i.f. amplifiers. 
V4 (6AT6) is a diode a .g.c. rectifier with delay, a nd a. f. 
ampli fier. VS (6AM5) is the audio output stage. V6 (6BA6) 
is the 100 kc/s calibrator and V7 (6AM6) the high-stability 
beat frequency oscillator covering about 84-86 kc/s. V8 
(12AU7) is the product detector. The crystal diode CRI 
(OA81) is used to protect the S-meter (Ml ) from flow of 
reverse current. CR2, 3 (OA79) form the voltage-doubling 

diode integrator detector; CR4, 5 (OASI) is an adjustable 
peak noise clipper. 

Values shown for R25 and T2 are suitable for use with 
6AM5 output valve which provides about 0·5 watt. For 
higher output power a 6B\V6 or EL84 is suggested with 
modification of the.~e components. 

The crystal (X I) used in conjunction wi th VI is 1537 kc/s, 
though since the 85 kc/s i.f. transformers can be tuned over 
the range 80-90 kc/s, tbe crystal can be anywhere in the 
range 1530- .1 540 kc/s without changing the first i.f. from the 
factory figure of 1620 kc/s . Suitable crystals arc usually 
available in the "surp lus" market. The tuned circuit in the 
anode circuit of this stage is resonated to the crystal funda
mental frequency to reduce harmonic content. A standby 
sensitivi ty control YR S, allows the receiver lo be used lo 
monitor strong signals from the transmitter. 

If a crystal calibrator is already available, V6 and its 
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associated components could be omilled, but otherwise this 
will prove a most useful accessory. For highest accuracy 
the second harmonic of the 100 kc/s crystal may be zero 
beat by adjusting C38 against the 200 kc/s 1313C Light 
Programme high stability transmitter while using a separate 
broadcast receiver. 

Construction 

The layout is shown in Fig. 4.89, this differs slightly from 
the photographs which were taken at an earlier stage or 
development. It is recommended that 16 s.w.g. a lumirrium 
is used for the chassis work, which should be well braced. 

Care should be takcrr throughout construction to crrsurc 
that components and wiring arc as rigid as possible, especi
ally any affecting the frequency stability. Ventilation should 
be arranged to keep the operating temperature low, without 
erratic air currents passing through the oscillators. The 
front-end unit should be well braced in the 6 ~ in. square 
cut-out. Tt may be found worth fitting a screen over the 
oscillator section of the front-end. The crystal-controlled 
oscillator of V l should be well screened to minimize spurious 
responses. The b.f.o. should be constructed using 16 s.w.g. 
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T he receiver in its cabinet showing the arrangement o( the. controls. 

tinned copper wire for stability, and this also should pre
ferably be screened. 

Screening carrs fitted to all valves should be painted matt 
black to assist heat radiation. Low loss skirted valveholdcrs 
of either the ceramic or nylon loaded types should be used. 
A B7G valvcholder is fitted to the rear of the chassis and 
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Fig. 4.89. The layout of the rece iver showing the positions of the major components. 
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The ch:\Ssls removed from tht:!! cabinet. Tha terminals on the rear 
drop of the chassis -arc for the loudspc3kcr and transmitter rela.y. 

supplies power for a Q multiplier or other external units. 
Disc ceramic 0·01 µF capacitors are used extensively because 
of their small size, low inductance and relatively high 
working voltages. With paper capacitors the plastic case 
type is to be preferred lo those with waxed paper containers. 
Any long wires carrying i.f. or a.f. signals should be screened. 
All a.g.c. and h.l. line connections are made via the long 
tagstrip mounted a long the rear of the i.f. stages. 

Alignment 

Alignment is relatively simple, owing to the use of the 
pre-aligned front-end. Several methods are possible, but the 
original model was readily aligned by the following method. 

For alignment a test signal within 5 kc/s of 1620 kc/s is 
required. If no accurate signal generator is available, the 
test signal is best obtained by replacing the JOO kc/s crystal 
of V6 by one of .1620 kc/s or a sub-harmonic of the frequency. 
A readily obtainable "surplus" crystal is the FT241A 54th 
harmonic type marked "29· l Mc/s (Channel 19)." This 
has a fundi1111enlal of 405·5 kc/s and will usually provide a 
fourth harmonic on about 1622 kc/s. 

The output from V6 is temporarily removed from the 
aerial socket, rind taken to the "r.F. OUT" lead-through on the 
front-end, via a 1000 pF capacitor. Calculate what will be 

TABLE 4.6 

COMPO N EN TS LIST 

8.f.O. Unit, :-iSOSS (Elcccroniqucs (Harlow) Ltd.). 
Cl, 2, 3, 8, 9, 13, 15, 22. 24, 29, 37, 4 1, 42, 44, 47, 49, O·Ot µF, 500 volt 

wk2., disc ceramic. 
C4, 2SpF sliver mica. 
CS, IOOOpF silver mk•. 
C6, ISOpf ceramic. 
C7, 10, t2, 19, SO, O· lµF paper. 
Cl I, 14, 16, 17, 18, O·lµF -4-00 vole wkg., p•per. 
C20, 39, 46, 50pF silver mico. 
Cll, 81J,f, 400 volt wkg., electrolytic. 
C13, 30, 31. 500pF ceramic. 
C25, I OOOpF coramlc. 
C26, 27, 2SµF 25 volt wk& .. electrolytic. 
C18, 32µF 400 volt wkg., electrolytic. 
C32, 33, 2000pF ceramic. 
CH, 100 pf silver mica. 
C35, SOpF varloblc (J.B. typo C804). 
C36, Spf silver mlco. 
C38, 30pf trimmer. 
C40, 2SOpF ceramic. 
C43, 24 + 16µF 4SO volt wkg, electrolytic. 
C48, '4-13pf (Eddystone type S88), oorial trimmer if required. 
C52, O·S1;F. 
CR I, 4, 5, OASI. 
CR2, 3, OA79. 
C•blnet, 16 In, x. 10! in. x 8 In. (Philpotts' Moulworks). 
Ch .. sis, IS in. x 10 in. x 2i in., 16 s.w.g. aluminium. 
Dial and Drive, Eddynon• type 898. 
Front End, QPl66 Amotcur B•nds 8•ndsprcad Qoilp•x (Elcctronique.s 

(Harlow) Ltd.). 
Fl, Fl, I amp fuses. 
Fl, 250mA fuse. 
lFTI, 2, 85 kc/s typo DIFI Series II (Elcctroniquos (H•rlow) ltd.). 
IFT3, 8S kc/s typo DIFl/D Series II (Elcctroniques (Harlow) Ltd.). 
LI, S0.7SµH typo DLM14 (Electroniqucs (H>rlow) ltd.). 
Ll, 3, IOH ISO mA. 
Ml, ()..lmA moving coil meter. 
MRI, 2, 1000 p.i.v., 500 mA silicon diodes. 
RI, 180 ohms. 
R2, 25 K ohms 2 waus. 
R3, II, 16, 26, 33, "12, 43, 44, 100 K ohms. 
R4, 29, 3 1, 37, "170 K ohms. 
RS, 8, 22, 30, 35, 39, 47 K ohms. 
R6, 10, IS, 40, 39 K ohms. 
R7, 330 ohms. 
R9, 14, 19, 2·2 K ohms. 
R12, 47 K ohms 2 watts. 
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RIJ , IOOohms . 
R17, 100 ohms . 
RIB, 1·8 K ohms. 
RlO, 28, 27 K ohms. 
Rll, 41, 220 K ohms, 
R23, 3·3 K ohms. 
R24, 36, I Megohm. 
R25, 750 ohms (sco toxt). 
R27, I SO K ohms. 
R32, 820 ohms. 
RH, 10 K ohms. 
R38, 22 K ohms. 
R45, 3·9 K ohms 4 wuu. 
R-16, 100 K ohms 2 watu. 
R49, 6·8 Moiohms. 

All resistors are i watt carbon unless otherwise sroted. 

RFC, 2·SmH SOmA. 
SI , bandswltch lncorpor>tod in coil pack. 
52, s.p.s.t. toulo (calibrator on/off). 
SJ, d.p.d.t, togelo (transmit/roceivc). 
54, s.p.s.t. togclo (a.,.c. on/off). 
SS, d.p.d.t. hovy duty toggle (mains on/off). 
S6, 3 way 3 polo Yaxloy, only 2 positions used (a.m./s.s.b./c.w+ 
57, s.p.s,t. toctlo (a.i.c. t ime constant-slow/fast), 
T l, 250-0.250 volts, ISOmA; 6·3 volts, 3·5 •mps. 
Tl, output c:n.nsrormcr to suit valve {for El91, 6000 ohms/ 3 ohms, 2 watt 

type). 
VI, ECH42. 
V2, 3, 6, 68A6 (EF93). 
V4, 6AT6, EBC90. 
VS, 6AMS, El91 (st• toxt). 
V7, 6AM6, EF91. 
VS, 12AU7. ECC82. 
V9, VRIS0/30 (ODJ), 
VRl, 10 K ohms (r.I. gain). 
VRl, 25 K ohms (i.f. zaln). 
VRJ, 3 K ohms (Ridiospares pre-set £or S meter set zero). 
VR4, I Mocohm (a.I. 1•in). 
YRS, 25 K ohms (Ridiosparcs pre-set for 'ldjusting standby sensitivity). 
VR6, 25 K ohms (noise limiter). 
XI(••• tOXt). 
X2, 100 kc/s crysul. 
Ocher components required arc fuschofdcrs, knobs, pilot lamp, plug, 
sockets, tag bo:.rd, t:tf·strip1, vaf'leholders, sc:rcen1ng cans, flexible coupler, 
and grommets, 



the second i.f. (i.e. 1622 kc/s 
mjnus the conversion crystal 
frequency). 

Now switch the receiver on, 
and allow it to warm up 
thoroughly. Switch on the 
crystal calibrator. Turn the i.f. 
gain to maximum; a.g.c. 
switched on and tJ1e S-meter 
zero-control turned to give 
quarter scale dencction on S
meter. Should a small a.f. 
oseiilator be available it can be 
used to modulate V6 crystal 
output so that an audible check 
is available, but this is not 
essential. Remove U1e two 
front-end valves. 

VRIS0/30 

H.F. RECEIVERS 

This wlndln~ is not r~quirotd with 
si licon rQct1fiqrs 

The i.f. transformers are preset 
to 85 kc/son the outer resonance. 
U the calculated second i.f. is 
less than 85 kc/s tune cores 
slightJy inwards; if greater than 
85 kc/s tune ilie cores slightly 
outwards. Adjust each core 

Fig. 4.90. Tho power supply. The value or R45 should read 3·9K as given in Tab le 4.6. 

only by half a turn at a time, starting with IFT 1 and 
work towards the detector. Repeat U1e entire sequence 
with a further half-turn adjustment and so on until $-meter 
reading begins to rise. Then peak each core for maximum 
reading, readjusting the i.f. gain control and set zero control 
as the alignment proceeds so that ilie S-meter reading is 
kept reasonably low. 

Reconnect the crystal calibrator to its normal position 
and re-insert .100 kc/s crystal. Set to Band I, replace the 
front-end valves and allow them to warm up ilioroughly, 
with aerial still disconnected. With gain controls at maxi
mum, a kick in the $-meter reading should be observed as 
the receiver is tuned over the centre of the band; this should 
be 1900 kc/sand should be carefully tuned for peak S-meter 
reading. At this stage all the i.f. circuits should be finally 
peaked up, the b.f.o. switched on and, with ilie pitch control 
set at mid-scale, adjusted for zero beat. 

The aerial may then be connected and the trimmers on 
the r.f. coils (front compartment of the front-end) carefully 
peaked at the centre of the band, with the aerial trimmer 
set to mid-scale. This can be done using external signals, or 
for example a signal from a transmitter v.f.o. Work care
fully, and avoid making large haphazard changes. 

T O A ERIAL 

0 2 5 8 12 

TOI RECEIVER 

19 25 turns ~ 

0 

Fir. 4.91. An aerial tunlne unit. CA should be 500pF, CB will depend 
upon the type of aerial in use, but JOOpF is a good basis for cxpcri· 
ment. The coil contisu of 25 turns on a 1 in. diameter former. 
tapped at: 2 , S, 8, 12 and 19 turns ~nd occupying ;i space of 1 in. 28 

s .. w.c. wire is s uitable.. 

The aerial connection will depend upon the type of feeder 
to be used: 

75 ohms balanced input: temunals A and Al; 
75 ohms unbalanced (e.g. coaxial feeder) : terminals A 

and E with Al strapped to E. 
Single-ended : terminal A with Al strapped to E. 
To provide an accurate impedance match, it is possible to 

use an aerial tuning unit of the type shown in Fig. 4.63. 

Stability 

Probably the greatest problem facing the constructor will 
be that of achieving maximum frequency stability. U there 
are any sudden changes in frequency, the receiver oscillators 
should be carefully inspected. If the same amount of shift 
occurs on all bands the trouble is probably in the crystal 
conversion oscillator or the b.f.o. If the shift is greater on 
Ute higher frequency bands suspect the front-end . 

Note that the front-end is fitted \Vith negative temperature 
coefficient capacitors in the oscillator circuit to provide 
thermal compensation. For optimum stability this thermal 
compensation must be in accord with the normal operating 
temperature, and this will be affected by the ventilation. l t 
may therefore be necessary to adjust the ventilation, after 
carefully checking stability on a stable signal in the 21 to 
28 Mc/s band (allow receiver to warm up for at least 30 
minutes). Adjust the b.f.o. for zero beat. 

If the tuning control capacitance has to be consistently 
increased (plates further in mesh) the oscil lator is drifting 
higher in frequency, suggesting that there may be excessive 
ventilation, and vice versa. In the prototype model optimum 
stability was achieved with the lid of the cabinet open and 
a few suitably placed ventilation holes drilled in the chassis. 

When operating, the setting of the gain control knobs will 
affect performance For best signal-to-noise ratio, the r.f. 
gain should be maximum; a.f. gain about half-travel and 
overall gain kept under control by altering i.f. gain control. 
U very strong local stations cause cross-modulation or 
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blocking, the r.r. gain should be reduced, and i.f. and a.f. 
gain increased. 

F or reception of s.s.b. , the b.f.o. pitch control should be 
set to a point near the extremity of its travel, corresponding 
to upper or lower sideband reception. The main control is 
then ro tated un til the speech becomes intelligible, possibly 
with a slight final adjustment of the b.f.o. It should not be 
necessary to switch off the a.g.c. except on very weak signals 
but a.g.c. should be swi tched to the longer time constant. 
Ample b.f.o. injection voltage should be available, bu t on 
very st rong s.s.b. s ignals it may be necessary to reduce the 
i.f. gain s lightly to avoid dis tortion. 

ADVANCED RECE IVER WITH TUNABLE FIRST l.F. 

The increasing populari ty of s.s.b. transmissions has 
focused auention on the shortcomings of communications 
receivers which previously would have been considered 
highly satisfactory. T he reception techniques developed for 
s.s.b. can a lso be app lied wi th advantage to normal a.m. and 
c.w. signa ls. For example, where the receiver is mace 
sufficiently select ive it can be tuned to o ne sideband of a 
conventional double s ideba nd a.m. s ignal and reject both the 
carrier and the second sci of sidebands; the signals can then 
be treated as though they were s.s.b. transmissions. T his 
system can be a rranged to provide immediate selection of the 
upper o r lower set of sidebands, permits a s ignificant increase 
in selectivity to be used withou t. affecting a.f. response as well 
as reducing phase dis tort ion and select ive fad ing. A receiver 
having good s.s.b. performance is also likely to provide 
excellent results on c.w., giving true single signal reception 
combined with high stabi lity and a low tur1ing rate. 

T he requirements of optimum stabil ity and a low, linear 
tuning rate on all bands call for the use of a crys1al-controlled 
h.f. oscillator in conjunction with a tunable first i.f. section. 
For a receiver of this type to be free of spurious responses 
careful selection must be given to tbe frequency coverage of 
the tunable section, to screening and to construction gener
ally. 

The block diagram or an advanced amateur receiver meet
ing the above needs, developed by G . R. B. Thomley, 
G2DAF, is shown in Fig. 4.92. The design considerations 
will not be dealt with here, but the circuit and performance 
specifications are given to show in practice the main features 
of a high-performance receiver of modern design. 

The use of a crystal-contro lled h.f. oscilla tor eliminates the 
problems of trucking front-end oscilla tor ci rcuits and 
simplifies conslnic tion and fi nal alignment. Nevertheless, it 
should be apprecia ted that the construction and a lignment of 

The advan ced amateur bands re ceiver. Th~ com pone nts may be 
identified by refe rence to Fig. 4.94. 

a receiver of this type cannot be undertaken light ly; for the 
average constructor the work involved is likely to take up to 
six months or more of leisure time. 

The receiver has 20 valves (including rectifiers and voltage 
regulator tube) and covers seven bands, each 500 kc/s wide: 
1, I ·5-2·0 Mc/s; 2, 3·5-4·0 Mc/s; 3, 7·0-7·5 Mc/s; 4, 14·0-
14·5 Me/s; 5, 21 ·0-21 ·5 Mc/s; 6, 28·0- 28·5 Mc/s; 7, 28·5- 29·0 
Mc/s. Provision is made for two extra 500 kc/s bands to 
cover completely the 28·0- 29·7 Mc/s band. 

Altogether 16 quartz crysta ls a re incorporated: seven 
for the h.f. oscillator, to p rovide switched bands; s ix in three 
half-lattice bandpass crystal fi lters centred on 460·8 kc/s wi th 
pairs of crystals spaced 2·2 kc/s apart, to provide the main 
selectivity; two for the carrier insertion oscilla tor, l ·5 kc/s 
above and below the centre i.f., to provide selectable side
band reception; and a 100 kc/s calibra tion osci lla tor. 

For a ll bands, the tunable i.r. covers 5·0- 5·5 Me/sand the 
v.f.o ., which is the second conversion oscilla tor, operates on 
a single, non-switched band o f 5460- 5960 kc/s; at this 
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frequency high stability can be achieved, particularly as the 
v.f.o. is isolated from the second mixer by a cathode follower 
stage. Since the overall stability of the rec.eiver will be 
determined largely by this oscillator, stabili ty remainsclosely 
similar on all bands. A Q multiplier circuit is used to pro
vide a tunable rejection notch. 

The full circuit diagram is given in Fig. 4.93. 
The aerial input coil on each band provides a match to 

75 ohm feeder. As high Q r.f. circuits are required to mini
mize image response, the r.f. stage is neutralized. A cascode 
r.f. amplifier (Vl, ECC84, 6CW7) is preferred to a conven
tional pentode circuit because of its superior cross-modula
tion characteristics. Signal frequency presclcction is by the 
input coil in the grid circuit and the series fed coil in the 
anode circuit of V 1. These are selected (together with the 
aerial input) by three banki; of the main bandchange selector 
switch and pre-tuned for each band with the two ganged 
50 pF tuning capacitors. The 160, 80 and 40m anode coils 
are tapped to provide n reasonably constant stage gain on all 
bands, with the fourth section of the bandswitcb feeding the 
signal into !110 grid of tho first mjxer V2 (EK.90, 6BE6). The 
necessiu:y hcterodyning frequency is obtained from a crystal 
controlled harmonic oscillator V3 (EFSO, 6BX6). The re
quired crystal and anode coil are selected by the remaining 
two banks of the six bank bandchange switch. As suit:able 
types of switch wafers arc normally six-way, the additional 
500 kc/s sections of the 1 Om band are covered by an auxiliary 
two bank two pole fou r-way Ynxley type switch brought out 
to a separate panel control. This enables full coverage of the 
J Om band to be obtained if required. 

The tunable i.f. section covering the 5·0 to 5·5 Mc/s range 
comprises two tuned circuits in the grid of the second mixer 
V4 (EF93, 6BA6) and in the grid of the v.f.o. V6 (EF93, 
6BA6) arranged as a Colpitts ocsillator and tuned by a three 
gang variable capacitor of 140 p F each section. The v.f.o. 
)Utput is via a cathode follower V5 (EF93, 6BA6) strapped as 
a triode, with direct injection into the cathode of the second 
mixer, V4. Automatic v.f.o. frequency correction when 
switching sidebands is obtained by a 3-30 pF trimmer 
capacitor (pre-set to the required value) and a selector 
switch in the v.f.o. cathode circuit. 

The second i.f. output at 460 kc/s is fed into a two half
latticc crystal bandpass filter and to the first i.f. amplifier V7 
(EF93, 6BA6) and then into a third half-lattice filter section 
and further ampliried by the second and thfrd i.f. stages V8, 
and V9 (both EF93, 6J3A6). A Q multiplier notch filter 
VlO (ECC83, 12AX7) is fed from the anode of V7. The 
output of the third i.f. amplifier is switched to the OA79 
balanced diode bridge c.w. and s.s.b. demodulator or to a 
single OA79 diode envelope detector for a.m. reception. 
The carrier insertion oscillator V13 (also typeEF93, 6BA6) is 
crystal controlled, the required crystal being selected by S12 
the sii 1gle pole two-way s101mAND switch ganged to the v.f.o. 
correction switch S13. 

The required audio output is selected by SlO and fed into 
the negative and positive peak clipping noise limiter V14 
(EB91, 6AL5) and the level set by the potentiometer VRl 
(NOISE LIMITER) control. Output is fed via VR2 the AUDIO 

GAIN control, to the audio amplifier Y15 (ECC81, 12AT7) 
and then to the output valve V16 (6BW6). Negative voltage 
feedback is provided over all audio stages from the secondary 
of the output transformer. The necessary bias for the output 
valve is fed via a potential divider from the negative bias 
supply comprising the transformer T2 and the rectifier valve 
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V18 (ED91, 6AL5). In the STAND uv position of the opera
tional switch Sl6, 17, 18, 19 the bias is automatically in
creased and the output valve standing current reduced to 
approximately 20 mA to lower the loading on the mains 
transformer T 3. 

The i.f. input to the grid of the third i.f. amplifier (V9) 
also feeds the a.g.c. amplifier V 11 (EF93, 6BA6), the output 
of which is fed 10 the shunt rectifier and gate diode Vl2 
(EB91, 6AL5). Resultant current pulses at audio frequency 
charge the 0·15 µF reservoir capacitor. The charge time con
stant is fast-of the order of 0·01 second, but discharge can 
only take place via the AVC switch S14, 15, and either the 
SOOK or 5 Megohm resistors. The discharge time constant is 
therefore slow-of the order of 0· l and 1 ·0 second 
respectively. 

The lOK ohm potentiometer VR3 is the Rf GAIN control 
and applies bias from the negative supply simultaneously to 
the a.g.c. line and to the anode of the gate diode .. This holds 
up the decay of the available a.g.c. voltage to a level pre-set 
by the gain control. Because of Miller effect, the varying 
a.g.c. voltage would affect the grid input capacity of the 
controlled valves and this would particularly affect the band
pass filter response characteristics, degrade the selectivity 
and affect the audio frequency response. This effect is 
overcome in the two associated i.f. ampl ifier .valves V7 and 
V8, by providing negative r.f. feedback with unbypassed 
150 ohm cathode resistors. The primaries of the two i.f. 
transformers in the anode circuits ofV4 and V3 arc dan1ped 
with 47K ohm resistors to prevent filter ringing- sufficient 
damping of V7 anode circuit is provided by the Q multiplier 
input loading. 

The main h.t. supply is from the mains transformer T3 
and the rectifier valve Vl9 (GZ30, 5Z4), with choke input 
providing 220 volts to the anode of Yl6. The second stage 
smoothing provides an output of 200 volts to the main h.l. 
positive rail. A VR1 50/30, 150C3 voltage regulator (V20) 

21.0 - 2')·0 tit/s 
&.\HP CUSTA.LS 

itOltJJiD' •t • Kall 
HlltlOI ltuE.lf' 

Fig. 4.94. Above chaJ:sis layout in the hiah performance double con
version amateur bands communication receiver. The dotted lin es 

indicate the screening bolow the chusis. 



provides 150 volts stabilized to feed the v.f.o. and cathode 
follower and the carrier insertion oscillator (V13). 

The calibration oscillator VJ 7 (EF91, 6AM6 or equivalent) 
provides harmonic output from a 100 kc/s crystal and gives 
accurate calibration pips every 100 kc/s throughout the 
receiver range. Operation is controlled by Sl7, part of the 
main control switch. 

Construction 
The receiver is built on a 16 s.w.g. aluminium chassis 

measuring 17 in. by 16 in. by 3t in. deep. The 19 in. by 
lOt in. panel is standard rack and panel size. The actual 
measurements arc determined by the physical size of the 
components used, particularly the i.f. transformers and the 
three gang tuning capacitor. It is strongly recommended, 
however, that the chassis is not made smaller than suggested 
unJcss this is possible without reducing the signal frequency 
coil compartments. The Q of the coils and those in the 

TABLE 4.7 
COIL WI NDING DETAILS 

Function 
Freq. 

or Windins Remarks 
band 

160m IOOT sec. 7T prim 40 s.w.1. 
an am. 

80m 55 T sec. 3T prim. J2 s.w.c. 
en am. Paxolln form or 

10m JOT soc. lT prim. 21 s.w.s. for 160, BO and 
<!nam. 10 metre s:. 

Signal 20m HT sec. lT prim. 22 s.w.c. Polystyrono 
Fr·equoncy enam. for 20, I 5 ond 
VI Grid I Sm 9T sec. I ·ST prim. 22 s.w.g. 10 metres. 

enam. t In. diam. 2 in . 
!Om 7T sec. IT prim. 20 s.w.~. long, i in. · 

enom. (Spaced 12T per Inch. diam. with 
All primaries tightly coupled dust core. 
at cold and of socondory. (Dcnco Maxi-

Q) 

160m IOOT up at SOT down, 10 
s.w.g. cn:im. 

80m SST up at 20T down, 32 
Signal s.w.£. on;am. 
Frequ ency '40m JOT tap at IOT down, 24 Formers u 
VI Anode s.w.i. en;am. ~bove. 

20m 11T 22 s.w.r . enam. 
15m 9T 22 s.w.1. e nam. 
I Om 7T 20 s.w.i. enam. 

(Spaced 12T por inch.) 

Tunable l.F. 5·0-S•S 11T 22 s.w.g. d .• . c. close Cem ent wind-
V2Anod• Mc/s wound p:a.xolin former u sic. ing1 with 
& V1 Grid frequency coils. Denflx poly-

5 ·16-5·96 13T 22 
styrene 

s.w .g. d.1.c. close cement. 
V.F.O. Mc/s wound paxolin former as sig. 
V6 Grid frequency coils. 

7·0Mc/s 25T J2 s.w.g. cnam. Shunt 
Cap - SOpF 

9·0Mc/s l6T 28 s.w.g. cn;im. Shunt 
Cap - 75pf 

12·5 Mc/s 14T 24 s.w.g. en am. Shun< Former: 
Conversion Cap - SOpf Aladdi n i in. 
Oscillator 19·5 Mc/s 6T 22 s.w.g. spaced to ; In. dlsm. I in. 
V3 Anode long. Shunt cap - 40f F loni. with 

26·5 Mc/s 6T 22 s.w.r. spaced to In. -h in . diam. 
long. Shunt Cap - 25f f dust core. 

JHMc/s ST 22 1.w.r. spaced to In. 
lo ng. Shunt Cap - !Sf f 

34·0 Mc/s ST 22 s.w.g. spacod to In. 
long. Shunt C•p - lOpF 

S·J Mc/s 15T 21 s.w.g, enam. Shunt Former: 
l.F. Tr•p Cap - 350pF Al•ddln as for 

conv .. osc. 

46-0 kc/s 
60T npproximotol{i 9/42 Litt wlro on MoKl-Q 

Q pot coro i In. < Jam. with ndlustable slug. 
Multiplier {Adjust number of turns o.s 11ocessary to obtain 

corrac-t tunln,c.) 

H.F. RECEIVERS 
TABLE 4.8 

Harmonic Conversion Oscillator Frequencies 
Band L-

Second Third Fourth 
Mc/s Re- Crystal har. or har. of h;i.r. of Output 

quired used crystal crystal crystal 

l·S-2·0 7000 7000 14,000 21,000 28,000 Fund•mental 

3'5-'l·O 9000 9000 18,000 27,000 36,000 Fundan1ontal 

- - - -
7·0-7'5 12,500 6250 12,500 18,750 25,000 Second 

Harnlonic 

IH'.~· 14·5 19,SOO 6500 IJ,000 19,SOO 26,000 Third 
Humonic 

21 ·0-21·5 26,SOO 6625 IJ,250 19,815 26,SOO Fourth 
Harmonic 

28·0-28·5 33,500 8375 16,750 25,125 Jl,SOO Fourth 
H;armonic 

28·5-29·0 J~.000 8500 11,000 25,000 31,000 Fourth 
Harmonic 

tunable i.f. circuits can be reduced considerably by too close 
proximity to the cross screens and chassis sides. Close spac
ing of coils can also lead to undesirable mutual coupling and 
absorption effects. The above-chassis layout is shown in 
Fig. 4.94. 

As the r.f. amplifier is neutralized by out or phase feedback 
from the grid input circuit, the frame of the grid section of 
the two gang prcselection capacitor is above earth. Accord
ingly this component is made up with two separate 50 pF 
capacitors mounted on an insulated panel and ganged to
gether with an Eddystone type 529 flexible shaft coupler. 

The three i.f. transformers in the bandpass filter require 
capacitive centre taps. These are provided by removing the 
original capacitor across the winding and replacing it with 
two of double the value in series. The junction of the two 
capacitors is taken out to a separate lead-out wire as the 
centre tap of the winding. The secondary of 1FT7, feeding 
the bridge diode c.w. and s.s.b. demodulator must be 
modified to low impedance series output by replacing the 
original capacitor with a 1000 pF unit and whatever value is 
required to resonate the coil in series, as shown in the circuit 
diagram. Low impedance output is required to feed the c.i.o. 
output to the OA79 bridge diode demodulator via IFI'8. 
This is provided by removing one " pie " from a s1andard 
i.f. transformer and replacing it with a 50 tum scramble 
\vinding of 36 s.w.g. enamelled wire tightly coupled to the 
existing coil. 

AU variable potentiometers are standard types (wire 
wound below lOOK ohms and carbon above lOOK ohms) 
except for VR4 in the balanced diode bridge circuit; this is for 
r.f. balancing and must be non-inductive and therefore 
carbon. 

If surplus Fr241 crystals are used they are moved to the 
frequency required by grinding one edge. The crystals for 
the c.i.o. are positioned at the 20db points. It should be 
remembered that the actual oscillating frequency i11 situ will 
be between 100 and 200 c/s lower than the series resonant 
mode. A small amount of neutralizing capacity-2 pF-was 
used across two of the filter sections but this would not 
necessarily give the same response characteristics wil:h some 
other type of i.f. transfonners. Further advice on lattice 
filters of the type used in this receiver is given in Chuptcr 10 
(Single Sideband). 

The conversion oscillator valve (V3) is a type EP80, 
6BX6 and is particularly suitable for this requirement. lt 

4.66 
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must not be replaced wi th a EF9 1, 6AM6, EF93, 6BA6 or 
sim ilar, because these valves will not give the required r.f. 
output voltage. 

Any suitable moving coil meter of between 500µA and 
J ·5 mA full scale deflection is suitable for the S meter. The 
original scale can be covered with glazed drawing paper, hand 
calibrated and finally removed and marked in with Indian 
ink. 

There is nothing worse than attempting to tune a selective 
receiver wi th a " lumpy" drive mechanism or with one that 
has backlash in the gearing. A really first class reduction 
drive-preferably wilh a reduction of at least 100 : 1- is 
essential. A readily available type is the Eddystone type 898 
drive and dial assembly. 

All the coi ls, i.f. transformers and switches for this 
receiver arc avuilablo from 131cctroniqucs (Standard Tele
phones and Cables Lid., proprietors, Harlow, Essex). 

Alignment 

An ambitious project such as the construction of a double 
superhct communication receiver will only be undertaken by 
an experienced amateur with past constructional knowledge. 
Detailed alignment instructions arc not therefore given but 
t.he procedure, as in any receiver, is lo start from the back and 
finish at the front. ln this case, that means alignment of the 
carrier insertion oscillator, followed by the tunable i.f. and 
v.f.o. section, and finally the signal frequency circuits. T he 
JOO kc/s pips from the calibrat ion oscillator i11 conjunction 
with the S meter will be found very useful during this process. 

The level of the conversion oscillator and v.f.o. inputs to 
the two mixers V2 and V4 is important. T here should be 
sufficient input voltage lo obtain correct mixing action bul 
not so much that spurious product generation is increased. 
A simple way of determining the approximate peak drive 
voltage to the first mixer wi thout needing a diode probe 
valve voltmeter is to break the 20 K ohm grid resistor con
nection at the earth end and use a 5001<A meter to measure 
the grid current. This will vary over t11e six bands because 
of the different mode of operating the conversion crystals 
but should be between JOO and 3001•A. T he cathode drive to 
the second mixer will have to be measured with a diode 
probe valve voltmeter nnd should be approximately 2 volts 
r.m.s. 

The output of the carrier insertion osci llator Vl3, also 
measured with n va lvo voltmeter, should be between 10 a11d 
20 volts r.m.s. n! the anode while the r.f. to the two OA79 
diodes (eitJ1er encl or the balancing potentiometer) should be 
about 2·0 volts r.m.s. 

Audio negative feedback is provided both as an aid to 
reduce distortion and a lso to give control of the total audio 
amplification. The 330 K ohm feedback resistor is adjusted 
in value so that at full audio gain setting with the a.g.c. 
operating, the drive to the output valve V16 is just less t11an 
the p oint of positive grid excursion. 

With the suggested tunable i.f. range (5·0 to 5·5 Mc/s) tbe 
receiver can be tuned to MSF on 5·0 Mc/s by setting the 
bandswitch to the "3·5-4·0 Mc/s" position and the pre
sclcction tuning capacitor to the minimum capacity position. 
This will peak the signal frequency circuits to 5·0 Mc/s and 
the first mixer will behave as an amplifier and feed the MSF 
signal into the tunable i.f. stages. This will provide a 
standard frequency (correct to five parts in 109) for receiver 
drift measurements and also for adjustment of the 100 kc/s 
calibration oscilla tor by means of the pre-set capacitor 
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across the grid circuit of VJ 7, so that the calibration pip on 
5·0 Mc/s is zero beat' with MSF. 

The 56 K ohm resistor feeding h.t. to the noise limiter 
control VRI is a nominal value only. JI should be adjusted 
to obtain correct limiter action. 

The signal frequency discrimination against i.f. break
through is at its worst point when t11e receiver is in use on 
those frequencies nearest to the tunable i.f. range. Thls is at 
the h.f. end of the 80m band. Accordingly, a 5·3 Mc/s i.f. 
trap is connected in series with the input to the primary of the 
80m coil and this gives an additional 20-40db attenuation 
over the range J·6 to 3·8 Mc/s. To 11me the 5·3 Mc/s i.f . 
trap, sci the main llrning control lo 3·7 Mc/s (bandswitch in 
the 3·5-4·0 Mc/s position) and feed a 100 millivolt signal into 
the aeria l terminal from a signal generator set to 5·3 Mc/s. 
Adjust the trap dust core for minimum S meter reading. 

Muting 

Modern practice is lo control a transmitter and receiver by 
means of a relay wi th either vo ice (vox) or press-to-talk 
operation. Drcak.ing Ju . or cathode connections usually 
causes clicks nnd thumps and the most satisfactory control 
mechod is a source o f :iegalivc voltage applied to the grids 
of the C)ntrollcd valves. ln many cases there is already a 
source o f negative voltngc provided for the p.a. bias supply 
and the available potential is usually suitable for muting 
requirements. 

T he controlling voltage can be a ny value from about 30 
to 100 volts and is connected to the receiver "muting " 
terminal. During transmission periods the applied voltage 
disables the second mixer and the second audio amplifier 
and so " kills" the receiver. The lime constant is fast and 
the control is free from clicks and thumps. As the controlled 
r.f. valve (V4) is not connected to the a.g.c. line the action 
and the time constant of the receiver a.g.c. system remains 
unaffected. Obviously there must always be a return path 
for the controlled grid circuits and if muting is not required 
the" muting " terminal must be strapped to earth. 

The alternative method is to control the receiver from the 
transmitter send-receive switch. H this is required the 
~cceiver can be linked buck to the transmitter control switch 
circuits by means of the STAND nv (su) position of the receiver 
operat ional switch SI 6, 17, 18, I 9 and the stand-by terminal 
provided. 

Performance 

A11to111atic Gain Control 
Audio rise is 6clb for 80db cha11ge in signal input above 

lµV, and 3db for 60clb change in signal input above 10µ.V. 

Band 
Mc/s 

1·5-2·0 

3·5-1·0 

7·0-7·5 

11·0-11·5 

21 ·0.21·5 

28·0.29·0 

TABLE 4.9 
SIGNAL-TO-NOISE RATIO 

A cri:.I input in Aerial input in 
microvolts for IOdb microvolts for 20db 
sian:il-to·noisa ratio 

Ala Reception 
signa l·to-noise ratio 

Ala Receptjon 

0·3 1·2 

0·28 l·O 

0-38 1·1 

0-32 1·2 

0·32 l ·O 

0·32 l·O 



l.F. Breakthrough Rejectio11. 
This is not less than 60db. 

Second Cha1111el Rejection 
The image rejection to both mixing processes is not less 

than 60db on all b:inds. 

Selectivity 
The selectivity is 2·5 l<c/s wide 6db down and 3·7 kc/s 

wide 60db down. T he shape factor of the filler is 1 ·48. 

Spurious Nespo11ses 
On all bands self-generated spurious responses arc below a 

level (throughout the 500 kc/s tu ning range) equivalent to a 
0·251•V aerial input signal. 
Stability 

The initial drift from switching on is approximately 500 
c/s; the v.f.o. is stable within 10 to 15 minutes (depending on 
ambient temperature) from cold . Thereafter drift is less than 
100 c/s over any one hour period. The measurements were 
made receiving MSF on 5·0 Mc/s wi th the open chassis on a 
bench under normal room temperature conditions. Self
generated heat from the chassis in a poorly vent ilatcd cabinet 
would adversely affect these figures and require additional 
negative temperature coefllcient compensation. The neces
sary value would have to be found experimenta lly. 

Circuit Improvements 
More modern valves such as the 6BZ6 and 6CD6 which 

have more linear characteristics are capable of better 
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0 
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performance in an r.f. stage than the cascode circuic. Double 
triode mixers such as the ECC85 have lower noise and much 
better cross modulation and overload characteristics than 
the 6BE6. A logical improvement therefore is to substi tute 
these in the G2DAF receiver. It is also assumed that, at the 
present very competitive prices, most constructors will be 
prepared to purchase new current production crystals 
correctly ground fo r optimum operation on the required 
frequency. Accordingly a second ECC85 valve is used as a 
fundamental or overtone osci llator. This ensures that there 
is less risk of harmonics from the second converter v.f.o. 
beating with the first conversion osciUator output to produce 
birdies. A circuit diagram of the improved front-end is 
shown in Fig. 4.9S(a). It may be used as a converter with a 
recei\·er tuning over the range 5·0 to 5·5 Mc/s using the 
75 ohm output circuit shown. The second mixer may be 
changed to a double triode ECC85 with advantage and the 
easily obtainable mt'Chanical fi lters offer improved selectivity. 

Fig. 4.9Sb shows the necessary changes for the double 
triode second mixer V4 and the Kokusai mech anical filt·er. 
Both the tunab l.c i.f. coi ls L I and L2 may be wound on Neosid 
or Aladdin 0·3 diam. formers with 2J; in. x +~ in. x H in. 
screening cans. Each wilf require a winding of 32 turns of 
32 s.w.g. e11amelled wi re. The shunt capacitance across the 
coil is made up with a fixed mica capaci tor and a Phi lips 
3-30 pF trimmer, and this value shunt controls the frequency 
variation of the circuit caused by the rotation of the variable 
tuning capacitor. By adjustment to the dust core and the 
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Fig. 4.9Sa . Circuit diagram ot' tne improved front·cnd for the GlDAF receiver. for clarity only the 40m band coils are shown and the common 

connecting po ints for the other r~nges are indicated by h eavy lines. 
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Philips trimmer, each coil can be made to track correctly so 
that it covers the range 5·0 to 5·5 Mc/s, with the dust core 
at the l.f. end, and the trimmer at h.f. end. LI and L2 may 
be the original coils supplied by Electroniques and as these 
are unscreened they must be mounted in the position 
indicated, but under the cbassi.s. If this procedure is adopted 
it is most important that one coil cannot " sec " the other 
coil and a small cross screen must be fitted between L I and 
L2 so that the 011/y coupling for r.f. is via the 3 pF top 
capacitor. 

Major changes necessary in U1e i.f. strip are removal of the 
original filter crystals and associated coupling transformers: 
lhis enables considerable simplification and a worthwhile 
saving in chassis space. lt also allows the three valves V7, V8 
and V9, and I he i.f. transformers lo be positioned in a straight 
Line along the right-hand side of the central chassis section. 

As the load presented by the mixer valve, V4, to the v.f.o. 
is at high impedance and the grid input capacitance is very 
small due to the negative feedback across the I· 5 K ohm 
cathode resistor, the original v.f.o. cathode follower valve V5 
can be omitted. A mixer injection of between I and 2 volts 
r.m.s. is ample for the ECC85 valve, and this low level output 
from lhe v.f.o. also reduces the amplitude of birdies that 
might be produced by higher order harmonics of the v.f.o. 
beating wi th the conversion crystal in use. It may be found 
that the mixer operates more quietly if the 47 pF capacitor 
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to the oscillator anode is transferred to the cathode. 
In regard to v.f.o. stability it should be clearly understood 

that, there is no such thing as a " driftless " L/C oscillator. 
A quartz crystal has a high degree of frequency stability 
because quartz is a material with a low temperature co
efficient. Replacing the crystal by building an equivalent 
series tuned circuit using Land C-as for instance in the so
callcd " Clapp " v.f.o.-does not give the same stability as a 
crystal, for it is not possible to manufacture coils and variable 
capacitors with the temperature co·efficient of natural quartz. 

The v.f.o. coil former should be ceramic, with a dust core 
mounted on a screwed brass rod fitting into a pressure loaded 
clutch so that there is neither end or side float of the core 
within the winding. Highly recommended is the t in. diam. 
Cambion former Type 1538-2-2 with a 20063-K slug. The 
winding of 14·5 turns of 22 s.w.g. enamelled wire should be 
close wound under tension, and finally thoroughly doped 
with polystyrene cement. 

The Kokusai Type MF 455-IOK mechanical filter has a 
nominal bandwidth of 2 kc/s at the 6dB points. In practice 
the passbands are usually wider than this and KW Electronics 
Ltd. will be able to supply an MF 455-IOK filter with a 6dB 
bandwidth of 2·5 kc/s if so requested. 

A further adra11ced recefrer desig11 is described i11 Chapter 
JO, pages 10.104 10 10./08. 



CHAPTE. R S 

V.H.F./U.H.F. RECEIVERS 

IN a v.h.f. receiver it is possible to realize a performance 
superior in terms of sensitivity and signal-to-noise ratio 

to that normally obtained on the lower frequencies where, 
owing to various forms of interference both man-made and 
natural, a limit is imposed beyond which any attempt to 
recover s ignals is fruitless. In v.h.f. reception there is no 
atmospheric noise except that originating in lightning dis
charges in the immediate vicinity of the receiver, while the 
bands are sufficiently wide compared with their occupation 
that interference between sta tions is, as ye t, not generally a 
serious problem. 

The limiting factor is extra- terrestrial noise and at fre
quencies up to at least 250 Mc/s, receivers can be designed 
which will respond to signals only sl ightly above this level. 
Interference from the ignition systems of cars is more notice
able on the higher frequencies and in fact becomes objec
tionable from about 20 Mc/s upwards. Such forms of 
impulsive interference c~n be g reatly reduced, however, by 
the use of a noise limiter. 

N oise Factor 

For these reasons the performance of v.h.f. receivers is 
usually (and more usefully) specified in terms of noise factor 
which may be defined as: 

aerial noise + receiver noise 
aerial noise 

and measured as the noise power present at the output of the 
receiver. With the theoretically perfect receiver, producing 
no noise in itself, this equation becomes I/ I, i.e. a noise 
factor of I or Odb. The noise factor of a pract ical receiver 
that does itself generate unwanted noise is a measure of the 
amount by which it falls short of perfect ion. 

It is customary to regard each valve stage in the receiver 
as a noiseless amplifier and to consider the noise that it 
docs in fact generate as originating in a fictitious resistor 
in its grid circuit. The value of this res istor is such that the 
noise voltage which would be developed across it is multiplied 
by the gain of the valve, the result being the real noise pre.sent 
in the valve output circuit. The subject of receiver noise is 
discussed more fully in Chapter 15 (Noise) and the measure
ment of noise in Chapter 19 (Measurements) to which the 
reader is referred for a more extensive explanation. 

Front-end Stages 
The requirements of the early stages in a v.h.f. receiver are 

(a) low noise content, (b) high power gain, and (c) ability to 
develop a signal voltage between grid and cathode. 

The first of these requirements implies that noise due to the 
fictitious resistor in the grid circuit, known as the equivalent 
noise resistance, and that due to induced grid noise must be as 

6-RCll • ' 

low as possible: for definition o f these terms see Chapter 2 
(Va/ties). Since a pentode has an equivalent noise resistance 
which may be several times higher than that of a triode owing 
to the added effect of partit/011 110/se, triodes arc used exclu
sively for low noise input stages. The second rcquiremen 
implies that the stage must be capable o r developing gain at 
the desired frequency with the load presented by the input of 
the following stage. This demands a valve with as high a 
slope as possible consistent with low capacitances and high 
input impedance. 

In a multi-stage receiver with, say, eight amplifying s tages 
the noise originating in the grid c ircuit of the fi rst va lve will 
be amplified by eight valves, that in the second by seven, and 
so on. lf the effective noise voltages are denoted by V., V2 , 

V,. . .. V8 and the stage gains by G,, 0 2 , G:i ... G8, the tota l 
noise present at the output of the receiver will be V1 (G,, 
G,, G • .. . G8) + V, (G,, G3 ... Ga) + V3 (G3 ... G~) and 
so on. It follows, therefore, that if G, is high, say 20 or more, 
only the noise due to the first stage is of importance, and pro
vided that the remaining stages are reasonably efficient they 
will contribute little to the overall noise. Tn cases where the 
gain of the first stage is low because of an unsuitable type of 
valve for the frequency concerned or if a considerable band
width is required, or when both of these conditions exist, the 
noise contributed by the second or even the thi rd stage may 
become important. 

If all the noise is not due to the fi rst stage, the noise factor 
is increased by the noise factor of the second stage. The 
formula for the overall noise facto r F1. ! of two stages of 
independent noise factors F, and F2 is: 

F. - I 
F,, , = F, + -=c.-

where G1 is the available power gain of the firs t stage. As an 
example, a mixer has a noise factor of 25 (1 4db). A triode 
ampli fier preceding such a mixer with a noise factor of 5 
(7<lb) and a power gain of JO ('IOdb) will cause the receiver to 
have an overall noise factor of: 

25 - I 
Fh 2 ~ 5 + -

1
-
0

- = N (8·7dbl. 

Fronnhis example it is clear that the mixer noise must be low 
or the gain of the r.f. stage must be high unless a valve with 
extremely low noise is used in order 10 achie,•e a good overall 
result. 

The third requirement is that the input resistance which 
appears in the grid circuit due to the transit time of the 
electrons must be high. Although the noise associated with 
this resistance (i.e., the induced grid noise) is high because 
its temperature can be taken as live times the room tempera
ture, the signal voltage applied lo the grid will be low unless 

5.1 
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a step-up in vollnge between the aerial (or its feeder) and the 
grid can be ob1aincd. 

When the input ci rcuit is matched to the input impedance 
of the valve, an optimum power gain is achieved and the 
valve is said to be poll"er-marclted. This condition does not, 
however, result in the lowest noise. Where the step-up ratio 
is adjusted for optimum noise factor in contrast to optimum 
power gain the valve is said lo be noise-matched. 

Fig. 5.1 shows the variation with frequency of the noise 
factor and optimum source resistance of a grounded grid 
stacked-ceramic triode of similar construction to that 
described on page 2.22, Chapter 2 (Valves). It will be seen that 
when the valve is power-matched the noise factor is constant 
at 5·5db up lo about 400 Mc/s, whereas below this frequency 
a higher source resistance (over-coupling) produces con
siderable improvement in the noise factor. Above this 
frequency the noise factor does not diminish because the 
optimum source resistance is then comparable with or may 
be less than the cathode input resistance (1 /gm for this valve 
is 1000/ 9 = I JO ohms). 

T he noise factor of a valve is affected by the cathode 
temperature, owing to the existence of the space charge in the 
grid-cathode region. T he extent of the space charge is 
critica lly dependent on the temperature of the cathode and 
consequently there will be considerable increase in noise if 
the heater current is reduced by even a very small amount, 
e.g. only 5 per cent. lt is most important, therefore, to ensure 
that the correct heater voltage is applied to valves, partic
ularly in the early stages of the receiver. Adjustment of the 
value of the grid bias in relation to the c.ontact potential of 
the grid is a means of improving the noise factor. If the grid 
bias of a valve is steadily reduced below the cut-off point the 
noise steadily diminishes until the point is reached where grid 
current begins to flow; beyond this point the noise increases 
rapidly. Fig. 5.2 shows the relation between noise factor and 
grid bias at a constant anode current for two typical grounded 
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grid triodes. The general shape of the curves is U1e same but 
the minimum noise factors occur at slightly different grid bias 
values. The optimum bias will vary with the type of valve 
and different specimens of the same type will also show some 
variation. It is often worth experimenting to obtain the 
optimum bias but care should always be taken to keep the 
anode current constant at the recommended value by means 
of an adjustable series h.t. dropping resistor. 

Ci rcui t N o ise 

Noise due to circuit components other than valves is 
produced solely by the resistive component; inductive or 
capacitive reactances do not produce noise. Coils have 
negligible resistance in the v.b.f. ranges but the leakage 
resistance of capacitors and insulators is important m1d it is 
therefore imperative to select good quality components, 
including such items as valveholders and switches. Circuit 
noise can be regarded as including noise caused by regenera
tion and although it is common practice to enhance the gain 
of low frequency circuits by applying regenerat ion this 
should be avoided at all costs in v.h.f. receivers because of the 
additional noise produced. Common causes of regeneration 
are : 

(a) Insufficient decoupl ing of supply leads and, particularly, 
heater and cathode circuits. In the range 20-30 Mc/s 0·01 µF 
non-inductive capacitors are a minimum value for this 
purpose. 

(b) Incomplete neutralizing of triode r.f. amplifiers. An 
adjustment that merely ensures that the circuit does not 
actually oscillate is not sufficient. Accurate neutralizing is 
essential and the appropriate methods are described later in 
this chapter. 

(c) Circulating r.f. currents in the chassis, due to mult i
point earthing. 

(d) Poor earth contacts to the chassis. For low noise 
circuits a brass or copper chassis should be employed; 
aluminium is not recommended because it is extremely 
difficult to make a lasting effective connection to it. 

Effect of Bandwidth 

Before leaving the subject of noise, there is one further 
point which must be considered. If the noise factor of a 
receiver is measured with a noise generator it will be found to 
be independent of receiver bandwidth. This is because the 
noise from the generator is of the same nature as ordinary 
noise so that if the bandwidth is doubled the overall noise is 
also doubled. For the reception of a signal of finite band
width, however, the optimum signal-to-noise ratio is obtained 
when the bandwidth of the receiver is only just sufficient to 
accommodate the signal and any further increase in band
width results merely in additional noise. The signal-to-noise 
ratio at the receiver therefore depends on the power per uni1 
bandwidth of the transmitted signal. To illustrate this point, 
suppose that the receiver produces 1,..v of noise for each 
10 kc/s of bandwidth and that an amplitude modulated 
transmitter radiates a signal to kc/s wide and produces IOµV 
at the receiver. The signal-to-noise ratio is therefore 10, 
provided that the receiver uses a bandwidth of JO kc/s. If the 
bandwidth of the transmission is reduced to 5 kc/s and the 
radiated power remains the same, the input to the receiver 
will still be I 0 µ V, but if the bandwidth of the receiver is also 
reduced to 5 ke/s, only 0·5 µV of noise will be accepted and 
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the signal-to-noise ratio will increase to 20. An unstable 
transmission, requiring a large bandwidth at the receiver, 
results in a degraded signal-to-noise ratio, so there is clearly a 
great advantage to be gained by the employment of stable 
transmitters and receiving equipment having the smallest 
practicable bandwidth. 

CHOICE OF THE FIRST l.F. 

Double frequency conversion is usually employed in a 
receiver for v.h.f. recept ion and it is convenient to build the 
r.f. s tages and first conversion circuits as a separate un it, 
known as a converter, the output of which is fed into a com
munications receiver with a suitable frequency coverage for 
the fi rst i. f. 

Two methods are possible for tuning ovP.r a band when 
double conversion is employed: 

(a) The oscillator in the converter may be fixed in frequency 
and may, therefore, be crystal controlled, tuning being 
effec~ed by variation of the first i.f. (i.e., by tuning the main 
receiver) over a band equal in width to that of the v.h.f. band 
to be covered. 

(b) The oscillator in the convener may be variable and the 
main receiver tuning set at the frequency chosen for the first 
i.f. [ t has already been shown that the signal-to-noise ratio of 
a receiver depends upon the bandwidth, and this bandwidth 
being that of the most selective stage (normally the i.f. ampli
fier in the main receiver) and the amount of noise beard will 
thus be determined provided no significant noise is con
tributed by the later stages. The use of a bandwidth exceed
ing 5 kc/s for telephony and considerably less for c.w. 
reception is therefore undesirable when a good signal-to-noise 
ratio is the prime consideration. 

Tn any supcrhcterotlyne receiver it is possible for two in-

V.H.F./U.H.F. RECEIVERS 

coming frequencies 10 mix with the local oscillator to give the 
i.f.- the desi red signal and the image frequency-and this 
bas an infl uence on the choice of the i.f. To avoid confusion, 
the i.f. of the main receiver will in future be referred to in this 
chapter as the second if 

One purpose of r.f. amplification ahead of the mixer in a 
v.b.f. converter is to attenuate signals and noise prese11t at the 
image frequency and the higher the first i.f. the greater such 
attenuation will be. Many of the r.f. amplifier circuits em
ployed in v.h.f. receivers have an extremely lar ge bandwidth 
and if they are so wide tha t the image ratio is unity (i.e., if the 
sensitivity of the " second channel " is the same as tha t for 
the wanted signal) the noise factor is degraded by Jdb. Care 
should therefore be taken to ensure that the first i.f. is 
sufficiently h igh. As the first i.f. is raised, the performance 
of the main receiver tends to fall off and its contribution of 
noise may become significant if the overall gain of the 
converter is insufficient. The value of the fi rs t i.f. finally 
decided upon depends on the type of converter to be used 
and the frequ ency on which it is to operate. 

Two other factors affect the choice of first i.f. First, it is 
desirable that no harmonic of the local oscillator in the main 
receiver should fall in the v.h.f. band in use, and second, 
there should be no breakthrough from sta tions operating at 
the frequency selected as the first i. f. 

Many communications receivers produce quite strong 
harmonics in the 70 and 144 Mc/s bands and a lthough these 
are high-order harmonics and are therefore tuned through 
quickly they are troublesome inasmuch as they are distracting 
when searching for signals in the band in question. The 
problem is more acute when the converter is crystal controlled 
than when a tunable fi rst oscillator is employed. In the 
former case freedom from harmonics is required over a 
tuning range equal to that of lhe v.h.f. band to be covered 
whereas in lhc latter o nly harmonics Crom one spot frequency 
of lhe local oscillator in !he main receiver have to be con
sidered. 

The avoidance of breaklhrough sigDals at the frequency 
selected for the first i.f. is also more difficult when the 
converter is crysta l controlled. Because it is practically 
impossible to find a band several megacycles wide which is 
completely unoccupied, other steps have to be taken to 
avoid breakthrough. Frequencies in the range 20-30 Mc/s 
are often chosen since fewe r strong signals are normally 
found the re lhan on the lower frequencies, but this condition 
may well be reversed during periods of high sunspot activity. 

Particular attention should be paid to the screening of the 
main receiver which should be tested by itself with the i.f. 
stages operating at maximum gain. Signals may be picked 
up on the aerial terminals and if this occurs they should be 
replaced by a coaxial socket. Unwanted signals may also 
enter the receiver along the power supply cable or the loud
speaker leads and these may need to be decoupled or filtered. 
Other sources of such interference are long earth leads and 
uneanhed conlro l spindles. 

When the main receiver is considered satisfactory from 
this point of view, a further test should be made with the 
converter connected, preferably by a short length of coaxial 
cable, but with its local oscillator inoperative. If any signals 
are heard they wi ll be first i.f. signals and the decoupling or 
filtering of the power supply leads and any similar con
nections should be checked again. If difilcully is still 
experienced, a slllgc of i.f. amplification may have lo be 
incorporated in the convcrler or, if one is already in use, ils 
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gain may need to be increased so that the main receiver can 
be run in a Jess sensitive condition. 

After all abnormal sources of signal pick-up have been 
eliminated there may still exist a path for i.f. signals through 
stray capacities in tbe converter itself. This may be elimin
ated to a very large extent by connecting a piece of coaxial 
cable as a quarter wavelength (at signal frequency) shorted 
stub in parallel witb the aerial feeder at the input of the 
converter. This provides a virtual short circuit to signals at 
the firs t i.f. while maintaining a high impedance to the 
wanted v.h.f. signals. The actual physical length of the stub 
will depend o f course upon the velocity factor of the cable 
used in its construction. 

THE LOCAL OSCILLATOR 

ll is clear that if the final bandwidth of the complete 
receiver is to be the same as that used on the lower frequencies 
the stability of the oscillator in the conver ter must be as good 
as the osci llator in the main receiver. For the 70 and 144 
Mc/s bands it is possible to build tunable oscillators of good 
stability and " note" working at frequencies either above or 
below the signal frequency by the value of the first i.f. On the 
420 Mc/s band tunable oscillators are normally designed lo 
operate at one-half or one-third ol' the required frequency and 
are followed by suitable frequency multipliers. Crysta.I 
controlled local oscillators can be used sat isfactorily in any 
v.h.f. or u.h.f. converter. 

The advantages and ctisadvanrages of the two types or 
oscillator may be summarized as follows. 

Tunable Oscillators 

(a) Advantages 

(i) A directly calibrated dial is possible. 
(ii) The cost of a crystal is eliminated. 
(iii) Only one valve is required. 
(iv) There is less likelihood of harmonic interference 

from the main receiver. 
(v) Only one clear channel is required on the main 

receiver. 
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PEAK HETERODYNE VOLTAGE 
Fie. 5.3. Tho relation between conversion conductance and oscillator 
(heterodyne) voltage in a typical triode mixer (6AM~. V3 125 volts, 

Rk 210 ohms). 

5.4 

(b ) l>isa<framage.1 

(i) Long-term oscillator drirt makes calibration of the 
dial unreliable. 

(ii) Warm-up drift can be troublesome. 
(iii) It is difficult to obtain a better than TB note (but 

not impossible). 
(iv) Change of osci llator or mixer valve alters the 

calibration. 
(v) Microphony occurs on st rong signals due co 

vibration of the oscillator tuned circuit by acoustic 
feedback from the lousdpeaker. 

(vi) They cannot readily be used remotely. 

Crystul-co11trollcd Oscillator.~ 

(a) Adva11tagc:s 

(i) Accurate vernier logging of stations on the main 
receiver dial is possible. 

(ii) A T9 note is assured. 
(ii i) Negligible short term or warm-up dri ft. 
(iv) Absence of controls allows remote operation. 

(b) Disad11a11tages 

(i) Expensive both in valves (for 420 Mc/s and above) 
and crystal. 

(ii) Possibility of additional self-generated whistles. 
(iii) More adjustments and therefore more difficult to 

align in the first place. 
The question of oscillator injection arises irrespective of 

the type of oscillator it is decided to use. As already stated, if 
the r.f. stages have higb gain and low noise factor, the noise 
contributed by later stages tends to be less significant, but 
this assumes reasonable efficiency in the mixer s tage. Fig. 5.3 
shows a typicnl conversion conductance curve for a mixer 
stage and indicates how the i.f. output varies as the injection 
voltage is changed, lbe signal voltage being kept constant: it 
will be noticed that a considerable loss of gain results if 
inadequate oscillator voltage is used. The noise level is at 
its highest with inadequate injection voltage, and although 
the noise increases when the injection voltage is too high it 
is still far less than when it is too low. In the designs pre
sented in this chapter every effort has been made to enSllre 
that adequate injec tion voltages are attained. 

The injection voltage in a triode mixer- the type used by 
most amateurs al v.h.f.- is found by measuring the current 
flowing through the mixer grid resistor due to the oscillator 
injection, i.e., the dirference in grid current with and without 
the oscillator operat ive. The maximum value of osci llator 
voltage normally lo be expected is about 3 volts peak, and 
wi1h a grid rcsis1or o f about 50 K ohms, this corresponds to 
a grid current of only 60 fLA, so any lower injection voltage 
may become difficult to detect. It must not be supposed that 
a voltage of this magnitude is easy to achieve; to produce 
such a voltage at the mixer grid is in fact often quite difficult. 
Fig. 5.4 shows a typical triode mixer circuit in which the coil 
LI is luncd to resonance at, say, 70·3 Mc/s and the signal 
vo ltage developed across it fed through a 30 pF capacitor to 
the mixer grid. Suppose L2 is carrying oscillations at 50 Mc/s, 
coupled through a 10 pF capacitor to the grid of tbe mixer 
(V2). At 50 Mc/s, the inductance LI is in effect a short
circuit 10 earth, and at this frequency the 50 Mc/s oscillations 
therefore ' ' sec " the mixer grid circuit as shown in 'Fig. S.S. 



Fig. 5.4. Typi ca l triode mixer (V2) and auociated oscillator (VJ). 

The 10 pf aud 30 pF capacitors (C2 and CJ) in the mixer grid 
circuit become n potential divider such that only one quarter 
of the original 50 Mc/s voltage at the anode of V3 appears at 
the grid of V2. 

An obvious course would be to increase the value of C2, 
but signal voltages at the grid of the mixer ·• see " this 
capacitor between grid and earth since L2, appears as a short 
circuit at signal frequency. Thus only three-quarters of the 
signal voltage at the anode of Vl appears at the grid of V2 
with the existing capacitor ratio; if C2 was increased in value 
even less voltage would be available at the mixer grid. 

Experimental adjustment of the values of Cl and C2 
may be made (with appropriate readjustment of LI and L2) 
to effect the best compromise. Capacities of 30 pF and 10 pF 
respectively arc of the correct order of magnitude because an 
r.f. voltage of JO to 20 is commonly obtained at the anode of 
V3 and one quarter of this voltage at the mixer grid is usually 
adequate. 

The required value of oscillator injection voltage depends 
upon the anode potential of the mixer valve; the lower the 
anode voltage the lower the required injection voltage and it 
is this fact that has made the use of relatively high values for 
RJ (Fig. 5.4) commonplace. 

If Rt is replaced temporarily by a variable resistor of about 
250 K ohms which can be adjusted while listening to a weak 
signal, it will be found that the optimum value of mixer 
anode potential is readily obtained. The value of resistance 
thus determined may weaken strong signals slightly but this is 
of little consequence in relation to the marked improvement 
effected in the response to weak signals. 

¥2 C2 
IOpF 

Cl 
30pF 

HT+ 

fig. S.S. The triode mixer circui t of Fig. 5.4 arranged to show the 
potential divider formed by the oscillator coupling and r.f. to 

mixer staac couplinc capa.citors :a.t the inj ection frequency. 

V.H.F.fU.H.F. RECEIVERS 
TUNABLE OSCILLATORS 

The requirements for a tunable oscillator are similar to 
those for a variable frequency oscillator designed for trans
mitter control, i.e. robust construction to guard against 
vibration, the employment of only the best quality com
ponents, including valve holders and insulation, short and 
rigid wi ring and self-supported coils of stout wire. Tbe 
operating frequency of the oscillator may be either above or 
below the signal frequency but to ensure the best stabili ty it is 
usual for it to be on the low frequency side of the signal. 
Where the choice of such a frequency leads to interference 
with a local television channel, operation on the high side of 
the signal may be necessary although a small change in 
intermediate frequency sometimes enables the oscillator 
frequency to be placed to avoid such trouble. 

The valve employed will, of course, have considerable 
influence on the results obtained, and the type chosen should 
be of robust construction with short leads to the electrodes. 

TO ~ 
MIXER GRID IOpF 

IOpF 

IBKn 

Fig. 5.6. T he Kalltron oscillator. L is l turns of 16 a.w.g. -f. in. 
diameter for 110 Mc/s. C l may be 1 ·5 pf per section. 

Modern all-glass types on either B7G or B9A bases are suit
able and some advantage may be obtained by using the 
"special quali ty" or " trustworthy" (ruggedized) variety. 

There arc three main types of circuit for tunable v.h.f. local 
oscillators: (n) Kalitron push-pull, (b) v.h.f. Colpitts. (c) 
Hartley. 

The Kalitron is particularly applicable to the require
ments of the push-pull mixer, while the Colpitts and the 
Hartley circui ts arc primarily intended for use with siogle
ended mixer circuits. Each of the circuits is capable of 
producing good results if well constructed. 

The Kalit ron O scillator 

This circuit, shown in Fig. 5.6, is well suited to the 6J6 valve 
in which the two triodes have a common cathode connection 
and the cathode lead inductance is therefore cancelled out, 
but other types such as the 12AT7 or 12AU7, which are 
double triodes with separate cathodes, can be used success
fully. 

For either 70 or 144 Mc/s converters the oscillator tuning 
capacitor C l may be a small split-stator type with one fixed 
and one moving plate per section. The wire used for the coil 
should not be thinner than 16 s.w.g. and the coils should be 
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mounted directly on the soldering lugs fitted to the capacitor . 
The wires to the anode tags of a high quality (preferably 
p.t.f.e.) valveholder should be equally stout. Careful pro
portioning of the parallel capacitance C2 and the size of the 
coil will eoablc the required bandspread to be obtained. 

With an h.t. supply of l 00 volts the circuit produces about 
18 volts peak-to-peak across the anode coil which gives an 
injection voltage of the correct order to the mixer with 10 pF 
coupling capacitors. T he actual value of the injection voltage 
will depend upon the relative frequency to wbicb the grid 
circuit of the mixer is tuned and the oscillator frequency, 
for optimum results it is worth trying slightly different values 
of coupling capacitor. Tt should be noted that the h.t. supply 
to the coil is through a low value resistor R; if a choke is used 
at this point the frequency of oscillat ion is very likely to be 
determined by the choke instead of by the tuning inductance. 

.. 
TO MIX ER 

GRID 

fOpF 

I 

f8KO 

C2 

HT+ 

Cl L 

10 
K1'l. 

SpF;x,--

Fis. 5.7. The v.h.f. Colpius oscillator ci rcuit- f or 120 Mc/s L •hould 
be two turns of 16 1.w.r. f in. diameter. 

The V.H.F. Colpitts Oscillator 

This circuit, shown in Fig. 5.7, is a very popular one and is 
readily seen to be a true Colpitts osci llator by referring to 
fig. S.8 where the anode-to-cathode and grid-to-cathode 
capacitances arc shown. At lower frequencies these capaci
tances are not large enough effectively to tap the tuned circuit 
and therefore external capacitors must be added. 

The 6C4 valve is very satisfactory in the circuit as it is free 
from microphony and gives a fairly high output. A suitable 
value for the tuning capacitor Cl is 5 pF with a 5-30 pF pre
set capacitor C2 in parallel for bandsetting. The required 
bandsprcad may be obtained by suitably proportioning the 
coi l and the bandsetting capacitor. As in the Kaliatron 
circuit, the h.t. feed to the tuning inductance is through a 
resistor and not th rough an r.f. choke in order to avoid the 
risk of spurious oscilla tions. 

HT+ 

Fig. 5.8. The circui t or Fig. 5.7 with the ~dditlon of t he valve capaci
ties t o s how the normal Colpitts osci llator circuit. 
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The Hartley Oscillator 

The Hartley oscillator circuit shown in Fig. S.9 differs from 
the v.h.f. Colpitts oscillator arrangement (Fig. 5.7) only in 
the position of the h.t. feed to the tuning coil L but it 
generally gives rather more output. 

Fis . 5.9. T he H artley oscillator. 
Similar values t·o those thown in 

f ig. 5.7 ;apply. 

Oscillator Construction 

HT+ 

The stability of any of these circuits may be improved by 
adopting a trough-line construction for the inductance in 
place of a coil. The following description of a 144 Mc/s 
Hartley circuit illustrates the use of such an arrangement. 
Suitable values for the various components will be found 
under Fig. S.10. 

The oscillator is built in a copper trough measuring 7 in. x 
Ii in. x 1 l in. (see Fig. 5.11). T he tuned circuit consists of a 
hairpin-shaped loop of silver plated copper tube or wire of 
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Fig. S. 10. H artley oscillator for improved stability. Cl is a mini ature 
split stator capacitor; C2, a m iniature air spaced trimmer ( Win .. 
grov6 and Ro1cr1) ; Cl diac ceramic or silver mica type: C4, CS, C6, 
hi-K ceram ic foedthrou1h. The valve is a 6AKS. The inductance 
measure s 4 ~ in. from the open ends to t he point where R1 is con· 
nected. The dotted lines represent a copper box 1urround in1 the 

inductance, 

i in. diameter and 4! in. long held centrally in the box by two 
transverse strips of polystyrene t in. thick secured to the 
sides by two short 6 B.A. bolts on each side tapped into the 
strips. The centre-to-centre spacing of the limbs of the hair
pin is i in. The valvcholder is fitted in the side of the box 
It in. from one end so that the screen grid pin is immediately 
adjacent to one encl of the hairpin line. The distance between 
the grid contact and the other side of the line is conveniently 
br idged by the grid capacitor (CJ). All earthy connections on 
the valvcholclcr and the earthed end of the grid-leak arc 
taken to a tag under one of the valveholder fix ing bolts. The 
most rigid construc tion is ensured if the heater and h.t. by
pass capacitors CS and C6 are of the feedthrough type but 
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Fig. S. 11 . Oot alls of t he 18 1.w.11. coppe r box for t he os ci lla tor of Fig. 
5.10. Two p ieces 1i in. square are soldered Into place to form the 
ends of the box . No hole• in the bottom of the box for ou t coing 

leads are 1hown. 

silvered mica capacitors may be used provided they are 
securely fixed. 

The bandsetting capacitor (C2) is mounted on a small 
block of polystyrene t in. thick bolted to the bottom of the box 
between the two sides of the hairpin loop to bring its contact 
lugs close to the ends of the line. The split-stator tuning 
capacitor (Cl) should be of the metal frame type with one 
moving and two fixed plates in each of it.s sections. It is 
mounted across the side members of the box using 6 B.A. 
bolts, the width can be varied slightly to suit the length of the 
capacitor. The shart of C J is 3i· in. from the valve end of the 
box and the connections between the stators and the line are 
soldered approximately J t in. from the open cod of the line. 
The bandspread available with any given variable capacitor 
depends on this distance-if necessary the tuning range can 
be adjusted by altering it s lighlly. 

Screen-grid voltage is fed to the loop end of the line, and 
the bypass capacitor arrangements should be similar to those 
for other tunable oscillators. A feedthrough insulator or 
small length of polystyrene rod drilled to pass the coupling 
lead from the anode of the valve to the mixer is set in tbe wall 
of the box close to the anode tag of the valveholder. 

The power requirements of t he circuit are very modest, a 
supply of 25- 30 volts at less than I mA giving sufficient in 
jection for most mixers, but if this proves insufficient the h.t. 
may be increased to about 200 volts without causing any 
serious deteriora tion io the frequency stability. Under these 
conditions, however, •. he anode resistor would of course need 
to have a higher power rating. 

A well regulated h.t. supply is required for best results and 
a voltage-divider network connected across an 85 or 105 volt 
stabilized supply and passing 5-6 mA is quite satisfactory, the 
actual voltage on the oscillator being varied until the 
optimum injection to the mixer is obtained. 

The frequency stability is such that a c.w. transmission may 
be held for considerable periods with only slight variations in 
note while no re-tuning is necessary during quite lengthy 
'phone transmissions. A satisfactory degree of oscillator 
stability is achieved within a few minutes but it is advisable to 
arrange that the oscillator h.t. supply remains connected 
during periods of transmission. 

V.H.F.jU.H.F. RECEIVERS 
CRYSTAL-CONTROLLED OSCILLATORS 

ln a crystal-controlled oscillator/multiplier chain for a 
converter it is usually desirable to multiply by not more than 
five or six times in any one stage. To decide what \\ill be a 
suitable fundamental frequency a chart such as that shown in 
Fig. 5.12 should be prepared. 

As an example, it is found that if the local oscillator in the 
main receiver covers the range 26-5- 28·5 Mc/s, no harmonic.~ 
from it will fa ll into the 144 Mc/s band. lf the main receiver 
has an i.f. of 500 kc/s and its oscillator operates above the 
signal frequency, a first i.f. of26-28 Mc/swill be satisfactory. 
Since 26 Mc/s will be the tuning position for a signal on 
144 Mc/s, the injection frequency for the converter will be 
118 Mc/s (i.e. 144-26) and reference to the chart will show 
bow this may be obtained. 

It is normal practice to use an overtone oscillator in which 
the crystal vibrates mechanically at approximately three or 
five limes its fundamental frequency depending upon the 
adjustment of the circu it. T here is n.o output at the funda
mental of the crystal and the harmonics present are related 
only to the overtone frequency. For example, a 5 Mc/s 
crystal operating o n its third overtone would generate no 
energy below 15 Mc/s and behave like a crystal of that 
fundamental frequency. 

Crystals specially manufactured for overtone operation 
are commercially available up to about 100 Mc/sand suitable 

+2 59 +3 .;. 2 39.333 .;-3 

29·5 19· 666 13· 111 

Fis. 5.ll. Typo of char t used for determin ing t he fundament al 
cry.stal frequency requ ired in an oscillator/ multiplier chain. 

circuits arc supplied by the makers. The cost ol such crystals 
may seem high when compared with surplus fundamental 
mode types but unless the frequency of operation is very 
high or the specified tolerance very close (which is unneces
sary for most amateur purposes), careful consideration 
should be given to the purchase of an overtone crystal 
bearing in mind that such a crystal will give a greater certainty 
of trouble-free operation a nd, in the case of one of tbe high 
frequency crystals oscilla ting at 60 Mc/s or more, whether 
the greater cost is not o!Tset by the saving in valves and 
components and the smaller space required for the converter. 

ln the ex ·mplc under consideration an ideal crystal fre
quency would be 59 Mc/s, necessitating only a doubler stage 
to arrive at the required injection frequency of I J 8 Mc/s. 

For those who prefer to use the cheaper crystals other 
choices must be made with the aid of Fig. 5.12. It would be 
undesirable to start al 13· 1 l l Mc/s since the second harmonic 
would fall at 26·222 Mc/s which is within the tuning range of 
the main receiver and would result in a spurious carrier 
usually referred to as a birdie. A frequency of 29·5 Mc/s 
appears to be a possibi lity and a 5·9 Mc/s crystal, provided it 
would operate on its fifth overtone, would satisfy the require
ments. T he oscillator uni t could then co mprise merely one 
double triode valve, the fi rst section operating as a fifth 

5.7 



RSGB- RADIO COMMUNICATION HANDBOOK 
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Cl 

3rd Ovortonc 270 3·3 
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Fig. 5.13. Butle r overtone crystal os:ill~tor circuit. Output may be 
t:ake n at two, three or four times tho fre quency o( the overtone 
crys tal. LI, Cl :a.nd Ll. C3 tune to tho overtone and desired output 
rro11ucncics respectively. Cl, C4 nnd CS nrc bypass capf\citor$ of 

n01·1nn. I v;i I uas . 

overtone oscillator and the second section serving as a quad
ruplcr. 

/\lternativcly a start could be made al 19·65 Mc/s, obtained 
from a 6·55 Mc/s crystal vibrating on its third overtone, the 
output frequency being doubled or trebled in the second 
sect ion of a double triode. The multiplier chain could then be 
completed in one section or a fu rther double triode in which 
the remaining section served as a mixer stage. 

Double triode valves arc used extensively as oscillalors in 
v.h.f. converters a nd among those suitable are the 6J6, 
12AT7, 6BQ7A and ECC88. The triode section of the 
6U8/ECF82 or the ECF804 is also suitable for use as au 
overtone osci llator. The 6J6 has n cnlhodc common lo boih 
sections of the valve and this 
restricts its use in certain applica
tions. The 6BQ7A and the 
ECCSS have an internal screen 
between the two anodes and arc 
therefore particularly suitable for 
use when one section is to be 
employed as a mixer. LA 

tance between the crysta l electrodes and spurious oscill
ations may be generated unless the circuit is properly 
adjusted. 

The Butler circuit (Fig. 5.13) is particularly useful in 
receivers and may be employed either as an overtone or as a 
fundamental oscillator with provision for taking an output 
at two, three or four times the frequency of the crystal, and, 
although two stages are required, the arrangement is very 
satisfactory when good stability is !he main criterion. For 
use as a fundamental oscillator, L2 is omiltcd and !he anode 
of Vl b bypassed to earth by a suitable capacitor, the output 
then being taken from a link winding coupled to LI. 

When setting up the oscillator a vol tmeter may be con
nected as shown dotted in 1he diagram and the tuned circuits 
adjusted for maximum deflection. For highest stability the 
coils should both have a low Q value, and if necessary 
damping resistors may be connected across them for this 
purpose. 

Typical circuits for other overtone oscillators arc given in 
Chapter 7 (V.H.F. Transmitters) . 

Freque ncy Multipliers 

Unless the operaLing (overtone) frequency of a crystal is 
that required fo r injection into the mixer, some frequency 
multiplica1ion will have to be arranged and ci rcuits lo do 
this will be found among the designs for converters described 
later in this chapter. 

While basically similar to the frequency multiplying 
circuits in transmitters, the power output necessary for the 
satisfactory operation of a mixer is far smaller than would be 
required for transmitting applications and in consequence 
greater multiplication factors per stage can be realized. 

It is always good practice to start with a reasonably high 
frequency crystal requiring fewer stages of multiplication 

0·01 
)JF 

Several circuits have been ] 
described for overtone osci ll
ators, some or which operate the 
crystal in the parallel (high imped· 
ance) mode, while in others the 
crystal is in the series resonant 
mode and therefore has a low 
impedance. The latter type of 
circuit is in more general use. A 

Cn 6
1opF 

FROM OSCILLATOR 
feature which is common to all 
the series-resonant circuits is that 
the crystal forms part of the fcc<l-
back loop so that if it is replaced 
by a capacitor oscillations wi ll 
lake place at a frequency deter
mined by the coil in the circuit 
together with its associated capa
citances. This can, in fact, 
happen even with the crysta l in 
circuit as a rcsull of the capaci-
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Fig. S.14. Pu•h·pull r.f. and mixer m1ge1. 

70 Mc/s 
LA, 3 turn' thin p.v.c.. eovered wire wound 

round LI. 
LI, 9 turns 18 s.w.g. t in. diam., tin. lone. 
Ll, 11 turns 18 s.w.g. ]- in. diam. self-supporting, 

I!· in. long. 
LJ, to 1uit i.r. In use. 
C l, 4·7 pF. 
Cl, not usad. 
Cr, O·S - 4 pf. 
v . 2, 6J6. 

. 144 Mc/s 
LA, l turns tliin p.y.c, wire wound round LI. 
LI, 8 turns 20 •.w.g. 't in. outside diam. 1paced 

one wire diam. 
Ll, 6 turns 20 s.w.1. * in. diam. 1elf-1upporti ng 

approx. I in. long. 
Ll, to suit i.f. in use. 
Cl, not used. 
Cl, IS + 15 pf split stator. 
Cn, O·S - 4 pf. 
VI , l , 6J6. 
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rather than the rcvcr:;~ because 
there is a distinct possibility that 

...-~~...-~~,~Kvnv....~-..~~~~..-~~~~~~~~....-~~~-OHT+ 

one of the unwanted mult iples of 
the crystal frequency migh t reach 
the mixer with sufficient power to 
convert- perhaps incfficicmly
a strong local signal on a fre-
quency right outside the band and 
cause its appearance wi thin the 
range of the tunable i.f. 

An example may make this 
point clear. An overtone c rystal 
is used to produce a frequcnC}' of 

SOOpF I 

28 Mc/s. This is multiplied by @-I 
five in a subsequent s tage to pro- 22~ 
vide injection for the mixer a t 140 P 
Mc/s and a tunable i.f. of 4 to 6 
Mc/s then covers the 144 t.o 146 
Mc/s band. Although the output -
of the multip lier stage is tuned to 
five times its input frequency there 
may be sufficient output 84 Mc/s 
(multiplication of three), to beat 
with one of the BBC frequency 
modulated transmissions, say the 

500 pFl 

Fig. 5.15. The Wallman ca.scode cir cuit. 
70 Mc{s 144 Mc/s 

FROM 
OSCILLATOR 

Light Programme from Wrotham 
on 89· l Mc/s, and so cause the f.m. 
signal to appear a t 89· I less 84·0 
= 5· l Mc/s, which could be the i. f. 
produced by an a mateur s tat ion 
operating on 145· I Mc/s. It will be 
appreciated tha t a sim ilar result 
m ight obtain near another of the 
f. m. stations although the actual 
frequencies concerned would be 
different. 

LI, lO t turns 18 s.w.g. t in. inside diam. l in. LI, 5 turns 16 s.w .g. l in. inside diam. ~p!>ed 3 
Ions, upped 4i turns from earthy end. turns from earthy end. 

Ll, 6 turns 20 s.w.g. on i· in. diam. Aladdin 
former with dust iron core. 

Ll, 4 turns 16 s.w .c. l in. in side d iam. 
LJ, l+ turns 16 s.w.1. j in. inside d iam. 

Ll, s+ turns 20 s,.w.g. do.$& wound on fin. diam. Ln. t t tu rns 26 s.w .s. en.im. close wound on 
j in. A laddin forme r with dust iron core. Aladdin former with dust iron core. 

Ln. l6 turn• 26 s.w.g. clo-511! wound on i in. diam. H e ater chokes. 10 in. l8 s.w.c. ena m. cfo·se 
wound o n -h in. former. Aladdin former with dust iron core.. 

He3.ter choke$. 40 in~ 28 s .w.g. e.nam. clos~ 
wound on ~ in. former. 

VI, 3, 6AKS; Vl, 614, EC91, 6Ll4 or half 6J6 (these types are not int e rchancea ble}. The pr,..set 
variable resistor in the anode circuit of Vl should be :adjusted fo r beu sign al-to·noise ratio and 

a fixed re.sist:or of suitable value: su bstituted. Ini t ially, it may be 100 K ohms. 

T he procedure in such a case would be to make the out
put circui t of the freq uency multiplying stage more selective, 
by improving its Q, so that the response at 84 Mc/s was re
duced as m uch as possible, and then to couple to the mixer 
by means of a link wind ing rather than via a capacitor, thus 
attenuating the unwanted frequency st ill further. 

Valves suitable for frcque1icy mul tiplica tion are clouble
triodes, sucb as the I 2AT7, small r.f. pentodes of tbe 6AK5 
or EF9 1 (6AM6) class and triodc-pentodcs designed for v.h.f. 
frequency changer service such ns the ECF80 (6BL8), 
ECF82 (6U8) and ECF804, the latter being particularly 
suitable due to the high mutual conductance of both the 
triode and pcntode sections ( I I and 7·2 mA/V respectively) . 
The 616 (ECC9J) is no t so suitable fo r use in a c rystal 
oscillator/ frequency 111ulti1Jlier circuit because the two triode 
sections share a common cathode and cathode bias could not 
be employed. The use of a c:11hodc bias resisto r is no t 
essential in a frequency multiplying stage, however, as the 
necessary working grid bias may be obtained by rectification 
of the drive voltage between grid and cathode, but wi th such 
an arrangement there would be no pro tec tive bias should the 
crystal fail to osci lla te. 

R.F. AMPLIFIERS 

Although a la rge number of circuits for r.f. stages have 
been described from time to time, each with its advantages 
and disadvantages, many of them arc only s light modifica-

tions of the better known arrangemcn1s. For simplicity only 
the three basic types arc discussed here: they are a ll suitable 
for use on frequencies below about 150 Mc/s. Which ever is 
buil t, it is s trongly recommended tha t a copper or brass 
chassis be used to ensure the best possible connection for 
earth returns and a conseq uent reduction in circulating 
currents in the chass is and therefore bet tcr stability and gain. 

No over-riding quulitks can be c lnimed fo r any one of 
these circuits: each has its a ttrac tive fea tures, and indeed 
improved performance from one c ircuit is more often the 
result of a fortui tous combination o r layout or choice of 
optimum component va lues than a dcllnitc technical 
superiority. So far as lhe newcomer to v.h.f work is con
cerned the s impler the c ircuit the greate r the chance of 
success. 

The choice o f push-pull o r single-ended input to the 
converter depends largely on whether a balanced or un
b:ilanced aeria l feeder is employed, and a lthough a balanced
to-unbalanced transformer (balun) could be iniroduced to 
eliminate losses due to standing waves o n the feeder, it may 
be preferable to avoid this complication by using an input 
circuit to suit the type of feeder in use. 

Push-Pull 6J6 R.F. Amplifier 

Fig. 5.14 shows the circuit of the front-end o f a converter 
employing a push-pull circuit arrangement in both the r.f . 
and mixer stages, the object being to reduce the capacitance 
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aCToss the tuned circuits by effectively putting the input and 
output capacitances of the valves in series and to cancel out 
the effect of the cathode lead inductance. Some additional 
gain is achieved by the step-up in signal voltage between the 
aerial input and the grids of the r. f. stage. 

With the addition of a push-pull oscillator such as the 
Kalia tron arrangement (Fig. 5.6) this circuit may be used as 
a complete converter; alternatively the r.f. stage alone may 
be built as a separate pre-amplifier for use with other con
verters. If this procedure is adopted an output link winding 
may conveniently be coupled to the centre of L2 a nd the 
inductance of th is coil adjusted to maintain resonance. 

The layout of components should match that of the circuit 
diagram closely and all leads should be of the shortest 
possible length. To obtain the full advantages from this 
circuit every effort should be made to achieve complete sym
metry in both the electrical and the mechanical features. A 
copper screen should be fixed across the chassis in such a 
position that the grid and anode ci rcuits of the r.f. stage arc 
shielded from each other. This screen should fit across the 
valveholdcr and be soldered to the centre lug and to the 
earthed heater pin. 

As the amplifier valve is a triode it is necessary to neutralize 
the feedback between anode and grid circuits, not o nly to 
maintain stability but to achieve the optimum signal-to-noise 
rntio. For the neutralizing capacitors miniature air spaced 
trimmers of the type made by Wingrove and Rogers and 
having a capacitance range of 0·5-4·5 pF are suitable. 

Neutral izing is best accomplished by tuning to a strong 
signal and disconnecting the h.t . supply to the r .f. stage. The 
two neutralizing capacitors may then be adjusted in step 
keeping the cnpacitanccs as nearly equal as possible, until th~ 
strength of the signal is reduced to a minimum, LI nnd L2 
being adjusted for maximum signal after each alteration of 
the neutra lizing capacitors. The point of balance is quite 
shaq1 and care taken in this task will go far towards obtaining 
a good signal-to-noise ratio : for best results in this respect, 
however, a noise generator may be found more sa tisfactory. 
A detailed explanation of the use of noise generators is given 
in Chapter 19 (Measurements). 

The 0·01 µF cathode bypass capacitor in the mixer cathode 
circuit serves as a short circuit for the i.f. currents and should 
be of the non-inductive type. 

The Cascode R.F. Amplifier 

.In the circuit shown in Fig. 5.15 the fi rs t stage, which is a 
ln?dc-connccted 6AK5, operates a t approximately unity 
gain but enables an effective impedance match to be obtained 
between the signal input circuit and the cathode input circu it 
of the grounded grid triode stage V2. Neutra liz.ing is 
necessary not so much lo prevent instability in the first valve 
as to obtain the best noise factor, and is effected inductively 
?Y Ln. Owing to the heavy loading of L2 by the low input 
1mpcclance of V2, the tuning of this circuit is very flat and its 
adjustment may the refore appear to be unimportant : how
ever, much of the good performance of which the circuit is 
c~pable wi!I be lost if care is not taken, preferably with the 
aid of a noise generator, to arrive a t the optimum adjustment 
of L2 and Ln. 

T he coils L1 a nd L2 should be shielded from one another 
by a screen mounted across the first va lveholdcr. The 
neutralizing inductance Ln should be mounted through a 
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hole in this screen with a clearance of approximately i in. all 
round and at right angles to Ll aod L2. 

With h.t. removed from VJ and a strong incoming signal, 
neut ra lizat ion should be carried out by adjusting Ln for 
minimum response while keeping LI and L2 l\Jncd for 
maximum signa l. Care should be taken to ensure that the 
anode circuit of V2 is tuned to the signal frequency and not 
to the image o n the wrong side of the oscilla tor frequency. If 
it is tuned to the image frequency a ny adjustment of L3 will 
cause a decrease in s ignal strength whereas the background 
noise should rise to a distinct peak when L3 is tuned to the 
correct frequency. When the circuit is operating satisfac-

(A) 

c 

(B) 

c 

220 KO. 

I KO. 

2pF 

IM 
n 

HT+ 
2SOV 

HTt 
250V 

TO OSCILLATOR 

Fia. 5 .. 16. Se,.ies e:ascode or driven &round ed ari d ampfirfc:rs with 
a11ocia ted mi xer stage.. The arrangemen t in (B) 1ive 1 appreciably 
more aai n. All values in the two circu it:S are similar unlen other
wise stated. A ll coils are j- in. d iam. setf-supportina and wound with 
18 1.w.r. LI, S* turns tapped lt t urns from eart hy e nd; Ll, 3!- turns 
(circuit (A)), 7t turns (circuit (B)); L3 (circuit (B) only), 4t turns: 
couplina approximately -h in. from Ll, L4, LS, to suit i.f. in use; Lp 
5-7 turnt 2·8 1.w.1. e.nam., ~'in. diam. (exact size determ ined with th~ 
aid of noise 1enerator); V 1_6BZ7, 6BQ7A, ECC8S (with reduced h.t.); 
Vl, 12AT1 ( t he other Hctoon may be used as the local oscillator). 

All capacit ors marked Ca.re 1000 pF hi-K feedthro u1h type. 



torily the removal or V 1 from its valveholder should result 
in a marked drop in the noise level. 

The circuit gives slightly more gain than does the push-pull 
6J6 arrangement and it is possible to achieve a noise factor of 
4db at 145 Mc/s. 

Series Cascode o r Driven Grounded Grid Circuit 

Trus is one of the simpler types of r.f. amplifier circuit but 
is nevertheless capable of excellent resulis. Two versions are 
shown in Figs. 5.16 (a) and (b). The latter possesses an 
additional tuned circuit (L3) and gives appreciably hlgher 
gain but with some reduction in bandwidth although this is 
still adequate for complete coverage of the 2m band. No 
screening is necessary and there is no variable tuning, the 
inductances being adjusted by spreading or closing the turns. 
A grid dip oscillator is a useful aid although final adjustment 
should be made on incoming signals or with a noise gener
ator. 

As in any v.h.f. circuit, only top quality bypass capacitors 
are recommended and they should preferably be of the feed
through type soldered to the chassis. All r.f. leads should be 
as short as possible and may, with advantage, be thin strips of 
copper foil rather than wire in order to reduce the inductance. 

The Grounded Gr id Amplifier 

With any triode r.r. amplifier some means must be adopted 
to prevent instability due to feedback between the input and 
output circuits. rn the grounded grid configuration it is the 
grid, rather than the cathode, which is maintained at zero r.f. 
potential thus providing a screen between the cathode and 
anode which form the input and output electrodes respec-

RS 

2·2K 

Cll 
IOOOpf 

Cl 

3-30 
pF 

Fie. 5.17. C irouit diagram of the RSGB 144 Mc/• converter. 
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tively. Due to the low impedance of the cathode input 
circuit the grounded grid amplifier is by nature a wideband 
device and is thus well suited as a 144-146 Mc/s r.f. stage 
pretuned to the centre of the band. 

The input impedance of a grounded grid triode is equal to 
I /gm where gm is the mutual conductance of the valve in 
amps per volt, so for gm in the range 6-15 mA/V this would 
imply input impedances between 167 and 67 ohms. 

A complete 144 Mc/s converter employing two grounded 
grid triode r.f. amplifier stages is described later in this 
chapter. 

Valves for V.H.F. O peration 

Valves specially designed for grounded grid service include 
the 6J4, EC91 and 6L34 on the B7G base and later types 
capable of operaling al frequencies of the order of 900 Mc/s 
-6AJ4, 6AM4, 6AN4, ECC88 and GEC A.2521 (6CR4), all 
on the B9A base. The GEC A.2599 (6CT4) and the R CA 
Nuvistor 6CW4 aro excellent valves designed for the 
grounded cathode configuration. 

TYPICAL TWO AND FOUR METRE DESIGNS 
RSGB CONV ERTER CIRC UIT 

This converter, using a double triode valve as a combined 
grounded grid r.f. amplifier and mixer, was designed pri· 
marily as a simple circuit for the newcomer to v.h.f. Despite 
its simplicity it is, however, capable of satisfactory perform· 
ance and is in use in many stations. The circuit is shown in 
Fig. 5.17. 

One section of a 12AT7 double triode valve (VI) is con
nected as a grounded grid triode r.f. stage with the input 

220K 

CS2 

Cl& 
ZOOOpF 

HT+ 
250V 

Hr+ ISOV 
STABILIZED 

LI , 7 tur ns ll s.w.c. tinned copper i in .. diam. space d one wi re 
di a m e ter: L2, 8 turn.s 18 s.w.a. tinned cop per i in. diam. i in. 
Ion& t a pped 6 turns from anode end: U, • turns 18 s.w.g. ti nn ed 
copper I in. '* in. Ions: Loi, 3 turns 14 s.w.1. tinned coppe r i in. 
di a m. ~ in. lon e ; LS, 8 turn1 18 s.w.1. tinned copper T in. diam. 
i- in. lone, centr·e tapped: L6, 7, 8, 24 turns l• s .. w.g. enam. close 
wound on Aladdin! 1n . d iam. former ( L6 and L7, are wound on 
th e same former :..nd separated by ~ in.): L9, 8 turns 34 s.w.g. 
c nam. close wound -h in. from L8: RFC l, 19 in. 30 s.w.g. enam. 
i in. diam. self .. supportlng; RFC2, 31 9 tu rns e ach l6 s .w.g . d .c.c. 
on N eosid iron core type I; RI, 3, S, t watt; R2, I watt; R4', 1. S. 11, 
! watt; R6, 9, 10, ! watt. Silver .. mic.a capacitors should be used 
for C-4, S, 7, 10, ll, IS, 16. Bypass capaciton may be hi·K 'tubular 
or disc ceramic. 0Jcillator injection is effected by wrappinc: 3 
or 4 turns o f thin insulated hook.,up wire round the lead from 

C4 to the grid of Vlb. 
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l 

Rc:t.r view of the ch:usis showing the rJ. /mixcr valve in right fore· 
cround with trin1mcrs Cl ;lnd Cl. The oscill:ltor/doublcr assembly 
is to the fc(t: Cl7 may be seen between the doubler coil LS 01.nd the 

chassis. 

circuit arranged to couple 80-100 ohm coaxiai feeder to the 
cathode impedance. LI serves to match this impedance to 
the cathode input circuit or YI a which is approximately 150 
ohms. The 1>rime function or the 3-30 pF trimmer capacitor 
Cl is to prevent short circuiting of the bias for YJa when 
the nerial feeder has d.c. continuity, but it also helps to tune 
out small amounts of rcactance due to an imperfectly 
matched input sys tem. 

---------- 63/~ ----- ~ 1 

POV:ER SOCKCT 

The coupled inductances L2 and L3 form an impedance 
matching network between the output of the g.g.t. stage and 
the triode mixer and it is here that sufficient gain is realized 
to provide adequate sensitivity and a good noise facior. L2 
is resonated at the centre of the band by C3 and L3 by its 
inductance and the input capacity of the mixer. The degree 
of coupling between these coils determines the bandwidth. 

To ensure the best signal-to-noise ratio it is necessary to 
run VI b al a low anode voltage, hence the high value o f R4. 
By so doing, the gain of the stage is reduced to a certain 
extent, but as the noise falls more rapidly than the signal fo r 
reductions down to approximately 45 volts a net gain in the 
readabi lity of weak signals is obtained. 

CS forms a bypass for signal and oscilla tor frequencies 
present at the mixer anode and as it is pnrt of the tun ing 
capacity for the primary of the i.f. transformer in conjuaction 
with C6 it is possible to use a relatively large value withoul 
fea r of bypassing lhe i.f. signal. To be fully effective in its 
dual role, CS should be of good quality and connected by 
short leads between the anode tag of the valvcholdcr nnd the 
common earthing point of the stage. 

The i.f. amplifier (V2) is a 6AM.6 bul any r.f. penlode of 
similar characteristics could be employed in this position. 
The exact intermediate frequency is not important provided 
it is above 5 Me/s; \vitb the transformers described it is 
10·2 Mc/s. 

A second J2A n (V3) is used as a Hartley oscillator/ 
doubler, the injection voltage for the mixer being taken from 
the anode or the doubler section. The injection frequency is 
on the /0111 side of the signal. A split-stator tuning capacitor 
is used so that, as the rotor is left free, no r.f. current nows 
through the bearings, a major cause of noise a nd frequency 
iumping in v.h.f. oscillators. H .T . vol Lage lo IA is fed through 

_,;© 
OSCILLATOR INJECTION 

3 LEAD TH ROUGH 

Fir. 5.18 (Left). Top viow;or the chassis showini the a.rrangem~nt of tha pf"incip:.I contponenu. (Ri ght). Laycut of th e compcnents below 
the chassis. 
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R8 to the centre lap or the coil. Jt should be noted that thfa 
point is not bypassed to chassis, to do so would probably 
result in instability and a poor note. 

The grid of the doubler section of V3 is driven via Cl6 
bias being produced across the grid leak RI 0. The anod~ 
circuit comprises L5, series tuned by the 8 pF Philips trimmer 
Cl7. 

Construction 

The layout is shown in Fig. 5. 18 and is quite straight
forward. T he 30 pF concentric trimmer (Cl) has its spigot 
bound to the centre conductor of the aerial socket with fine 
wire before soldering and is adjustable through the hole 
provided in the deck of the chassis. When making this joint 
care must be taken to avoid overheating, as both components 
are adversely affected by excessive heat. If the aerial plug is 
in position during the operation the pin of the socket will 
remain central, but the use of heat shunts in the form of 
crocodile clips is recommended. 

C3 is mounted on a small brass brackel and protrudes 
through the top of the chassis . 'L2 is supported at one end by 
the anode tag of the valveholder (pin no. I) and at the other 
is soldered to a lug on the body of C3. The earthy end of L3 
is soldered to the bracket close to the point where the spigot 
of C3 passes through, the two coils being arranged so that 
their inner faces are about kin. apart. The other end of L3 is 
attached to the mixer grid capacitor C4 and no further 
support is necessary. The oscillator injection lead may be 
wrapped three times round the grid lead at this point. 

The two r.f. chokes (RFC2 & 3) in the heater leads to VI 
are mounted above the chassis and wound side by side on a 
Neosid iron core, the outer ends of the coils being soldered 
to the lead-out wires which then serve as supports: one end is 
connected to a tag placed under a boll securing the p.t. f.e. 
valveholder for VI and the other to the top of the bypass 
capacitor CZ. 

Ia the interests of freedom from pick-up of signals ut the 
intermediate frequency, all leads to the i.f. amplifier should 
be short and the internal connect ions to the i.f. transformers 
should be so arranged thal the external connections are as 
direct as possible. The shielding of the coaxial lead from L9 
to the output socket should be connected to chassis at both 
ends though its length is unimportant. 

All power supplies arc taken through an octal plug and 
socket on the rear drop of the chassis. A switch is provided 
on the panel which, in its OFF position, removes h.t. from 
the r.f. and i.f. stages during transmission, leaving the mixer 
and oscillator operative so that it is possible to monitor a 
transmitter 'vithout overloading either the co1werter or the 
associated receiver. 

Adjustment 

Set the main receiver to approximarely 10·2 Mc/s and 
adjust the cores of LG, L7 and LS for maximum noise. The 
exact frequency is not important and some latitude is possible 
to avoid unwanted signals at the inlermediate frequency. The 
gain from V2 is such that the r.f./i.f. gain control setting in 
the main receiver will be quire low, resulting in no back
ground noise being audible when the send/receive swilch on 
the converter is at the SEND position. 

The next step is to resonate LJ. With no h.t. on rhc r.f. 
stagP., the oscilla tor should be adjusted to give injection at 
145 Mc/s. (This may require the temporary removal of Cl 2). 

V.H.F.jU.H.F. RECEIVERS 

L5/CI 7 should tune to 145 Mc/s just short of minimum 
capacity. A meter with a f.s.d . of about 250 volts is then con
nected between the mixer anode and chassis and L3 adjusted 
?Y ope~g or closing the turns until the highest meter reading 
1s obtained. C3 should be detuned to avoid inter-action 
between L2 and L3 and care taken that CI 7 maintains reson
ance in the output circuit of the doubler. CI 3 is then adjusted 
to set the oscillator to a frequency of (145 - i.f.)/2, or 
67·4 Mc/s with the i.f. mentioned above. This may be 
done with the aid of a grid dip oscillator or a closely cali
brated absorption wavemeter. In the latter case it will be 
necessary to moojtor the anode current of the oscillator and 
watch for the " kick" when L4 passes through resonance. 

The doubler anode circuit of V3 should be set to the 
rc:quired injection frequency, i.e. twice that of the oscillator. 
lf the circuit values are as shown, the only resonance poinl 
within the range of C17 will be the correct one. This will be 
indicated by a voltmeter connected between mixer anode and 
chassis as already described. By adjusting the spacing of L4 
and the capacity of C IJ the 144-I46 Mc/s band may be 
spread over the entire dial. 

H.T. may next be applied to the r.f. and i.f. stages and C3 
wned to resonance, which will be indicated by a considerable 
rise in the noise level. It is essential that the aerial be con
nected to load VI a. It may be necessary to open or compress 
the turns of L2 so that resonance occurs at about mid
capacity of C3. Instability may be produced at low capacity 
settings of CJ, but if this happens make sure by rotating Cl 
that this is not due to incorrect aerial loading. 

All preliminary tuning adjustments should be made :it 
mid-scale on C14 and if this capacitor is now tuned over its 
range the background noise should vary only slightly over 
the band. (f there is a sharp falling off, tighter coupling 

~n undcrchassis view oft-he 144 Mc/s converter. LI and Ll art!: in the 
r>Sht foreground. T he co-:axiaJ lead feeds the i.f. signal from L9 to 

the output socket. CSl at the top r igh t. 
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between L2 and L3 is required, followed by readjustment of 
C3 at 145 Mc/s. 

Cl is not a tuning control and no resonance effects should 
be found when it is adjusted, but at low capacity settings the 
grounded grid stage will almost certainly go into oscillation. 
Slight adjustments to the inductance of Ll may be necessary 
and, if a noise generator is not available, these should be 
made for the best readabi lity of a weak 'phone signal on 
approximately 145 Mc/s. With adjustments made as 
described there should be no difficulty in obtaining really 
satisfactory performance. The converter must not be con
nected to a balanced feeder without the addition of a balance
to-unbalance transformer or balun. 

With this or any other converter the effects of varying the 
tuning or coupling adjustments as well as the h.t. voltage 
applied to the r. f. and mixer stages and the oscillator injec
tion may bes t be examined with the aid of a noise generator, 
but although this is advisable to ensure optimum results it is 
possible to obtain an acceptable performance without this 
aid. It is most important to ensure that the heater voltage 
actually applied to the valve is in accordance with the 
maker's rating. 

SI MPLE HIGH PERFORMANCE C ONVERTE RS FO R 70 AND 
14 4 MC/S U SING NUVISTOR R.F. STAGES 

These converters, although reasonably simple to construct 
even by a beginner, give a performance very close to the best 
available but do not use any expensive valves. 

NOTE- HOLE~ 'Z' .I.RE 28.t. CLE .t.R.t.N CE .I.HO .I.RE FOii SUPfOllT fill.I.RS 

r!f!~--,.-~ 1 
r" '., 
I ' . I L6 
: .' '. : L7 
I . ' 
' I 1..-'- _..:._ __ . _ J 
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As man y opcrMors use the R CA ARSSD and similar 
communication receivers as a tunable i.f., relatively low 
frequencies are used; 2·1-2·7 Mc/s (for the 70 Mc/s con
verter) and 2-4 Mc/s (for the 144 Mc/s converter) where the 
AR 88D has excellent bandspread and stability. A different 
intermediate frequency can be employed if desired and 
details are given later on this point. 

Precautions have been taken to eliminate breakthrough, 
which can be troublesome at such low i. f.'s, and these (which 
include the use of a screen over the oscillator crystal) have 
proved effective. 

Basic Circuitry 

Both converters use an earthed cathode, capacity neutra
lized, 6CW4 Nuvistor r.f. amplilier inductively coupled into 
a triode mixer, in the anode circuit of which is connected a 
suitable i.f. tuning coil. To provide a low impedance for use 
with a coaxial cable, the oulput is fed to the main receiver 
through a triode cathode follower. 

Whilst the converters are basically similar, the crystal 
oscillator/multiplier stages differ. In both instances the 
oscillator valve is an EF91 (6AM6) in a simple Colpitts 
circuit. This is to be preferred to the Squier oscillator which 
may prove difficult to use, particularly with surplus crystals . 

Jn the case of the 70 Mc/s converter, an 8500 kc/s FT243 
crystal is used, the oscillator anode circuit being tuned to the 
fourth harmonic of the crystal fre.quency. The output of this 
stage is capacity coupled to the grid of the EF91 doubler 

fOA COILS Oll PHltllrS TRIHHE~S 
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Fi1. S.19. M echanial details of the 70 Mc/s Nuvistor 
converter. T ho valveholder for the Nuvis tor valve 
and any so lder-Jn type feed through capacitor$ s hould 
be fitted to the screens befo,.e t ho assembly is SC REEN 'A' VIE 'ot' EO FROM ARRO'ot' 'X' moun ted on t he lid of th e d ie-cast box. 
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Fie . 5.10. Mechanical detail• of the 144 Mc/s converter. 

stage, the anode of which is tuned to a frequency of 68·0 
Mc/s, hence producing an i.f. of 2·1 - 2·7 Mc/s. 

For the 144 Mc/s converter, a 7100 kc/s FT243 crystal is 
used but the oscillator anode circuit is tuned to the fifth 
harmonic of the crystal. If V4 fails to oscillate, reduce the 
value of the 2·2 K ohms cathode resistor; poor activity 
crystals may require a value as low as 100 ohms. The 
subsequent ECC81 (12AT7) double triode is connected in 
cascade and doubl.ing in each half produces a final frequency 
of 142 Mc/s which results in an i.f. of 2-4 Mc/s. 

rn both converters the output from the local oscillator is 
link coupled to the mixer stage and more than sufficient 
output is available to ensure efficient mixing. No significant 
spurious responses from the crystal oscillator chain have 
been found within the tuning range of the converters. 

Mechanical Construct ion 

Each converter is built on the lid of an Eddystone 7~ in. 
x 4! in. No. 845 die-cast box. This ensures easy access for 
assembly and wiring. The construction of the interior 
screens, with dimensions, is shown in Figs. 5.19 and 5.20. 
lf solder-in type feedthrough capacitors are used, these, 
together with the Nuvistor holder, should be soldered into 
position before attempting to bolt the screen sections to
gether and to mount the a.."5Cmbly on the lid. 

The only component mounted through the body of the box 
is the Bulgin P360 three-way miniature power input socket, ;1 

Oying lead from which carries the power to the heater and 
h.t. feedthrough capacitors mounted on screen " £." This 
screen also serves to support R.FCI and its associated O·Ol 1.•F 
ceramic capacitors. RFC2 is soldered directly to the heads 
of the appropriate feedlhrough capacitors. Other aspect.s of 
construction may be seen from the photographs, but it 
should be noted that in the photograph of the top of the 
completed 144 Mc/s converter the aforementio ned power 
socket is shown at the wrong end of the box. 

Components a nd Wiring 

Almost all the components used in both converters are 
standard types readily available. All valveholders should be 
of the low loss variety, preferably p.t.f.e. A special holder, 
Cinch Type 133-65-1 0-001, is required for the 6CW4 
Nuvistor and is generally available from dealers sto..:king this 
type of valve. As the 6CW4 has a very low anode-grid 
capacity, it is essential that the neutralizing capacitor CN 
should have a minimum capacity not greater than J pF. A 
Wingrove and Rogers or Plessey miniature 1-10 pF air
spaccd trimmer is suitable. T he Philips concentric type 
should not be used due to its relatively high minimum 
capacity. 
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fcedthrough insulators are used both 
for support and feed-through purposes 
resulting in a neat and rigid assembly. 

All wiring associated with the r.f. 
circuitry should be kept as short as 
possible. Decoupling and earth returns 
associated with each valve are made to 
solder tags which are held under the 
securing nuts for the valvebolder con
cerned. In the case of the Nuvistor, 
tags 8 and 10 arc wired to the frame lugs 
of the holder. The eanh lead from the 
Bulgin power socket is connected to a 
solder tag under one of the securing 
bolts of screen " E." 

The 70 M c/s Nuvistor Converter 

The circuit is shown in Fig. 5.21 and 
mechanical detai ls in Fig. 5.19. Coil 
details arc given in Table 5.1. 

To align the converter, disco1111ect the 
h.t. supply from VJ, remove the cans 
from L7 and L8 and first adjust LS for 
maximum indication on the r.f. checking 

An interior view o f the 70 Mc/s converter. Note the use of ceramic feedthrouch insulators 
for supportina the a ir·spaced coils. 

meter-Fig. 5.22. Then adjust L7 in a 
similar manner. T he tuning range of 
each coil is such that only the required 

All 0·01 ~d?' capacitors a rc high K ceramic types. The 
1000 pF fcedthrough ceramic capacitors can either be the 
solder-in or nut secured types. All other fixed capacitors are 
ceramic, suitable types being marketed by Radiosparcs Ltd. 
All resistors arc ± watt type except the 8·2 K ohms h.t. 
feed for VI, which as a t watt rating. A number of KLG 

2·2K 

harmonic should be selected but it is 
wise lo check the actual frequencies with an absorption 
wavcmeter or g.d.o. When this has been done the cans 
should be replaced on L7 and L8, and the two cores re
adjusted for maximum r. f. output from the coupling link 
L4. The output should be connected to the communications 
receiver, tuned to 2·4 Mc/s. L5 will be approximately 

IOOOpF 

C2 ~ 
3_30,..,. 

pF ...1.. 
L4EL6 

l !OOOpF 

220 
K 

-

E 

Fi g. S.11 .. Circu it diagram o f the 70 Mc/ s N uvistor converter. All pf ceramic capacitor should be connected from pin 6 (anode} of Vl to e a rr:t- . 
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LI 

Ll 

L.3 

L~ 

L5 

L6 

L7 

LS 

RFC! 
RFC2 

RFC3 

TABLE 5.1 

Inductor details for tho 70 Mc/s Converter 
Tunable i.f. 2·1 to 2·1 Mc/1. Crys tal 850-0 kc/s . 

8 turns 18 s.w.c. cnam. wound on i1r in. mandN!I, length 
I in., tapped 3 tums from corth end. air spaced. 
13 turns 18 s.w.g. cnam. wound on i1r in. mandrel, length 
1 l in., capped )! turns from CN air spaced. 
8! turns 18 s.w.g. cnam. wound on f. in. m;mdrel, 
longth i in., air spaced. 
2 turns 18s,w.g. cnam. wound on -fr in. m;a.41drcl and pl~ced 
between L2 and LJ. 
Maxi-Qi.I. transformer typo IFT 11 /1·6, with silver mica 
capicitors in can removed ;ind primary and secondary 
windings in series (top or lower layer winding to bottom 
of upper layer winding). 
;c,"h~~s0~~'~f~.p.v.c. covered tinned copper wire wound 

10 turns 26 s.w.g. •n•m. wound on tin. by If in. former, 
slug tuned (Aladdin typo with con). 
10 turns 26 s.w.g. on•m. wound on tin. by Ii in. former, 
slug tuned (Aladdin typo with e>n ). 
2·5 mH r.f. choke. 
SI in. 18 s.w.g. cn:mi. wound on i in . mandrel, close 
spiced. 
I mH r.f. choke. 

correct. Adjust C3 for maximum hiss; two positions will be 
found, the one with the smaller capacity being the correct 
one. 

A strong signal is then required (from a local transmitter 
or signal generator) and should bo red to the aerial socket. 
Adjust Cl and C2 followed by C3 and LS for maximum out
put followed by adjustment or~. the neutralizing capacitor, 
wiih an insulated screwdriver, for mi11i11wm output. (In 
pract ice this is usually found to be near the minimum 
capacity or~-) This procedure should be repeated several 
times as there is some interaction between tbe adjust
ments. 

The initial adjustments arc now complete and h.t. may 
be reconnected to Vt. ff there is a tendency for oscillation, 

OUTPUT 

V.H.F./U.H.F. RECEIVERS 

Cs is incorrectly adjusted; the minimum posit ion referred 
to is very sharp and to a certain extent adjustment is inter
dependent with C2 and Cl . No difficulty should be ex
perienced, however, in obtaining the correct selling. For 
final adjustments a noise generator is desirable (see Chapter 
19- Meas11re111e11ts) but if this is not available, Cl, C2, C3 
and LS (also L7 and LS) should be adjusted for maximum 
output on a local signal. Finally the capacity or Cl should 
be increased slightly so that the circuit is detuned towards 
70 Mc/s and the output just drops. This is near to the 
optimum position for the best signal-to-noise ratio. ln 
practice a noise factor of better than 2·5db should be 
obtained. 

The 144 Mc/s N uvistor Converter 

The circuit or the 144 Mc/s converter is shown in Fig. 5.23 
and the mechanical arrangements in Fig. 5.19. 

~6~~~HSG 1/2• DIA 

OABI 
OR 

EQUIVALENT _;( 

0-SOOJJA 

Fig. S.22. R. F. check ing meter. 

The adjustment of this converter is very similar to the 
70 Mc/s unit except that the communications receiver is set to 
3 Mc/s, corresponding to a signal frequency of 145 Mc/s. 
First power is applied with the h.t. disconnected from Vl. 
T he can is removed from L9 and the slug is adjusted for 
maximum r.f. indication followed by C5 (r.f. indication being 

RFC t 

IOOK 

l tOOOpF 
tOOOpF I 

47 
K 

HT+ 
tSOV 

7100 
kc/s 

EARTH 

tOOOpF 6·3V 

Fi e. 5.23. C ircuit diagram of the 144 Mc/s Nuvistor converter. 
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TABLE 5.2 --

LI 

Ll 

L3 

L~ 

LS 

L6 

L7 

LB 

L9 

RFCI 
RFC2 

R~C3 

Inductor dotails for th<> 144 Mc(s Converter 
T unable i.f. l to 4 Mc(s. Cryst:ll 7100 kc/s 

4 turns IB s.w.g. enam. wound on t in. mandrel, 1cngth 
i in., capped I ~· turns rro•n earthy end, air spaced. 
8 turns 16 s.w.g. cnam. wound on Tr in. mandre l, length 
I in .. c.apped lt turr1s for CN, air spaced. 
4 turns 16 s.w.g. Cn3rH, wound on -ft in. mandre l, length 
i in., air spaced. 
I turn 16 s.w.g. enam. wound on -h in. mindrcl, intcr
wound at e3rthy end or L3, air spaced. 
32 s.w.g. onam. wound on ! in. by lf in. lormor (Aladdin 
type with can). I l•yor If in. long and I layer i in. long. 
Tissue paper intcrlc:iving. sttured with polystyrene 
cement .. Tuned by two slugs. 3·3 K ohm re1isr:or in 
p•rallel. 
as for L4 but mounted adj;.ccnt to the h.c. end ot L7, air 
spaced. 
34 turns 16 s.w.g. Cnitm. wound on Tr in. mandrel, length 
! in., air spaced. 
7 turns 16 s.w.g. cnam. wound on Ti in. mandrel, length 
I in., air spaced. 
10 turns 26 s.w.g. cnam. wound on i in. by lj in. former 
slug cuned (Aladdin type with can). 
2·5 mH r.I. choke. 
26 in . 18 s.w.g. en:am. clo,:c wound on i in. mindrcl, self .. 
supporting. ~ir spac:cd. 
I mH r.1. choke . 

observed at L8 and L7 respectively), and then C4. Again, 
the tuning range of each tuned circuit is such that only the 
required harmonic should be selected but it is wise to check 
the actual frequencies with an absorption meter or g.d.o., if 
ava ilable. LS, which is very Oat in its tuning, should be 

Tne 144 Me's converter. The sc:r·eening can for the crystal has been 
removed for this picture. 

centred on 3 Mc/s. Cl, C2 and CJ arc then adjusted for 
maximum outpul on a strong local signal. CN is adjusted for 
minimum output with an insulated screwdriver, the correct 
setting being very critical. When b.t. has been reconnected 
to VI the converter is ready for use. Final adjustment 

An undcnida view of the j44 M c:/s converter. Note that LJ ·Should read L4f and vice veraa.. 
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Fir. S.14. A power supply suitable for 
use .with either the 70 Mc/1or144 Mc/1 
converter. A semi-conductor rectifier 
o( suitable ratin1 could be substituted 

for the 6X4 vain. 

M AINS 

E 

should again, if possible, be cmried out with a noise gener
ator. 

Measured under laboratory conditions tbe noise factor 
of the original model was 2·9db, protection against i.f. 
breakthrough better than 80db, the image response better 
than 20db down at 144 Mc/sand the overall gain 23db. 

Power Supply 

A power supply which delivers 6·3 volts at l ·5 amps and 
150 vohs at 30 mA is adequate and a suitable circuit is shown 
in Fig. S.24. The components arc all of a modest s ize and the 
complete unit can be built into a 3! in. x 4! in. Eddystone 
No. 650 die-east box. The smoothing capacitors and choke 
arc mounted inside the box. A transmit/receive relay can be 
added if required to mute the converter whilst a transmitter 
is operating, by removing the h.t. supply. 

AEAIAL 
; Cl 

TAI 
Af139 

~ 

a • 
TAB 

Af139 
GM0290 
GMO 378 

A4 
1000 

IOOOpF 

a 0 
AFZ12 

0 
• 

TAB 

~c-

~ 
OC171 c -

Wiring Details 

V.H.F.fU.H.F. RECEIVERS 

IOH 

CV287 
15083 

QSl50/IS 

The orientation of the valveholdcrs should be as follows: 
V2, V3, pins I and 9 are on the screen " A " side, V4, pins l 
and 7 are on the screen " A " s ide when viewed from the 
underside of the chassis. Earthing of the valveholder pins is 
important: all pins to be earthed arc connected to the centre 
spigot of the valveholder. For V2 and V3, these are con
nected by as short a wire as possible, i.e., from the nearest 
earthed pin, to 6 B.A. solder tags under the valveholder 
retaining nuts nearer screen "A." 

In the case of V4 the earth tag is mounted under the nut 
nearer the crystal holder. Screens " C" and " D" are also 
soldered to the centre spigots of thei r related valveholders. 

144 M C/S BAND CONVERTER US ING TRANSISTORS 

With modern alloy diffusion a nd mesa epitaxial transistors, 
compact yet highly efficient converters for the amateur v.h.f. 
and u.h.f. bands may be constr ucted. Fig. 5.25 shows the 

EMITTER 

circuit diagram of such a con
verter for th e 144 to 146 Mc/s 
allocation. 

A Siemens AF139 transistor 
(TR I), operates as a grounded 
base r.f. stage without input 
tuning, the feeder impedance 
forming a fair match with the 
emitter impedance. The 
collector circuit is resonated 
at the centre of the band by 
Ll /C3, res istors RI, R2 and 
R 3 selling the d.c. operating 
conditions so that approxi
mately 2 mA is drawn from 
the 9 volt supply. 

The degree of inductive 
coupling between Ll and L2 
(tuned by C6) is a compromise 
between signal transfer, 
bandwidth and the rejection 
of second channel and inter
mediate frequencies. No 
neutraliza tion or screening is 
necessary provided this coup
ling is not made too tight and 

Fir. S.lS. Circuit d ia1 ram of tho converter and tr,an sit tor connectjons.. For details o f Rx see. text. 
Cryst2I frequencies for other t han th e i.f. of 1'4 to 26 Mc/s ducribed will be found in Table S.3 tosethe r 

w ith valuu for C15 whenJthis,it required .. 

chassis currents e liminated by 
the use of single point earthing 
o f the various circuits. To 
this end, the base bypass, C2, 
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0 

J l1t 

- i,; ~-11a· r lie" 

HOLES 'A'-88A CLEAR ANCE '8 '-6BA CLEARANCE 
'C'-l/16" DIA, CLOSE flT fOR TRANSISTOR '0'-l/s• OIA 
'E'- l/8" DIA, CLOSE FIT FOR TnAHSISTOR 
'F'-7/lz• SQUARE, CLOSE FI T FOR TRIHHER 

Fir. 5.16. De t:iils for drilllnr the l id of t he Eddystone di&otast box on 
which all componen ts for the 144 Mc/s transistor converter are 

mounted. 

is eart11cd to a tag under one of the bolts holding the coaxial 
aerial socket and the decoupling capacitor, C4, earthed as 
closely as possible to CJ. Similar arrangements arc made 
for C5 and C6. It will be noted that two bypass capacitors, 
CIJ and C14, are connected in parallel across R13, the first 
having a low impedance lo signal and oscillator frequencies 
and the second to the i.f. Both are earthed lo the same tag 
as CS and C6. 

The mixer, TR2, is a type GM0378. The signal is fed to 
the base from a tapping on L2 and oscillator injection taken 
lo the emitter via the coupl ing loop L8 from L7/Cl 1 in the 
output of the crystal oscillator chain. R5, R6 and RJ3 
control the d.c. operating conditions. Optimum perform
ance requires a standing current of approximately 0-4 mA 
which rises to 0·6 mA when the injection is applied. 

The inductance LJ is resonated by stray capacitance 
(approximate ly 5 pF) at the i.f. when this is in the range 24 
to 26 Mc/s. Should it be desi red to use an i.f. lower than 
20 Mc/s, CJS may be required. Tts connections are shown 
dotted on the circuit di:1gram. Suggested values a re given 
in Table 5.3. The earthy ends of C7 and L4 (and C l 5 when 
used) are connected to a tag held by one of the bolts securing 
the i.f. output coaxial socket. 

The osci llator chain is stra ightforward and with the 

TABLE 5.3 
C ircuit modifications for othor intermediate frequencies and 

c rystals 

Third 
Tunable 1. F. O vertone 

Crystal• 
4·5~·5 Mt/s 46·500 Mt/s 

9-1 1 Mc/ s 
21-23 Mt/s 
27- 29 Mc/s 
30-32 Mc/s 
33-35 Mt/s 

•Type HC6JU. 

5.20 

45·000 Mt /s 
'11 ·000 Mc/ s 
39·000 Mt/s 
38·000 Mt/s 
37·000 Mc/s 

1njcction 
Frequency Circuit Modifications 

139·5 Mt/• 

135·0 Mc/s 
123·0 Mc/s 
117.0 Mc/s 
114·0 Mc/s 
111 ·0 Mc/s 

L3 wound t in. long 
wit.h 38 s .w.g. en<lm. 
with 50 pf in p•nllel 
(CIS). 
CIS 20 pf, 
CIS 5 pf. 
None. 
5 pf in panllcl with LS. 
5 pf in parallel with LS. 

component va lues given will work satisfactorily with over
tone crystals in the range 30 to 47 Mc/s. An OC171 (TR3) 
serves as an overtone crystal oscillator in a circuit which has 
been found very reliable for crystals intended for this mode 
of operation on frequencies of this order. Jo this circuit 
configuration the transistor will oscillate only when a low 
impedance exists between base and earth. This condition 
is satisfied at the overtone frequency when the series im
pedance of the c rystal falls to a low value. For an i.f. of 
24 to 26 Mc/s the crystal overtone frequency is 40 Mc/s. 

Another OC I 71 (TR4) acts as a tr iplcr 10 120 Me/s. An 
alternative type of transistor would be the AFZ12. This 
stage is biased by emitter-base rect ificat ion, the emitter 
resistor RI l serving lo limi t the collector current to approxi
mately 1 mA. The value of 220 ohms was arrived at as a 
compromise between efficiency and the danger of the 
transistor being damaged by excessive peak current. 

Construction 

To prevent i.f. breakthrough the converter must be built in 
a metal case and an Eddystone die-cast box Type 845 measur
ing 4i in. x 2i in. x J + in. was used for the prototype. The 
components arc a ll mounted on the lid of the box, drilling 
instructions being given in Fig. S.26. The layout of the main 
components is shown in F ig. S.27. Care must be taken 10 

ensure that good contact exists between the earthy ends of 
the 2 to 20 pF trimming capacitors (C3, C6 and Cl l) and 
the case. In the prototype these were of tbe ceramic tube 
type made by Radiosparcs. An alternative would be the 
Erie type 535 which, however, requires slightly differem 
sized fixing holes. 

Adjustment 

After checking the wiring a 9 volt battery may be con
nected, taking care that the correct polarity is observed. The 
total current should lie between 6 and 8 mA. 

The oscillator should be adjusted first. As the core is 
inserted into L5/ L6 the current increases to a maximum and 
then falls sharply: the core should be set just short of the 
maximum current position. It would, of course, be a great 
advantage when adjust ing the crystal oscil lator to be able to 
listen to the overtone frequency, but a receiver covering 
40 Mc/s is something of a rarity. The osci llators in most 
receivers generate harmonics of sufficient amplitude however 
for a beat 10 be obta ined on half the crystal frequency Jess 
half the i.f. , i.e. if the required signal is o n 40 Mc/sand the 
i.f. of the receiver is 465 kc/s, a beat should be obtained at 
approximately 20 Me/s less 0·23 Mc/s o r 19·77 Mc/s. Tl will 
probably be necessary in order to hear the beat to bring a 
lead from the aeria l input of the receiver c lose to but 110 1 

touching L5/L6. 
The next step is to tune the c ircuits associated with TR4. 

As already mentioned the current passed by this stage should 
be approximately I mA and if necessary the value of R 11 
may be adjusted slightly to achieve this. Cl I is tuned for a 
slight dip in the collector current towards the low capacitance 
end of its travel. After connecting the main receiver to the i.f. 
output sockCl the core of L3/ L4 should be adjusted for 
maximum noise over the chosen i.f. range and a check made 
that the adjustment found for Cl I also gives maximum 
noise. Removal of the crystal or coupling an absorption 



LI 
L2 

L3 

L~ 

L6 

L7 
LB 

TAB LE 5.4 
Ind uctor details for the 144 Mc/s T ransistor Co nverter 

s turns rr in. diam. f in, long. 22 s.w.g. tinn ed copper wire 
s turns -!. in. diam. n in. long. 22 s.w.a. ti:tned copper 
t~pped I turn from earthy end. L1/L2 spaced n in . >part. 
SO turns on -it in. former t in . long. 34 s.w.1. cnam. Dust 
Iron core. 
3 turns p.v.c. covered (7 X 40 s.w.g. " Radiosparcs ") 
wound over LJ. 
~5 turns on -r. in. former f in. long. 26 s.w.g. cnam. Dust 
iron core. 
2. tu r ns p .v.c. cov@rcd (7 x 40 s.w.1. ' ' R;.diosparcs ") 
wound over LS. 
S turns -h in. diam. i in. lon g. 22 s.w.1. Linr.cd copper . 
I t urn p.v.c. covered (7 x -to s.w.g. " Radiosparu ") inur· 
wound at car"thy C!nd of L7. 

wavemeter close to L7 and tuned to its resonant frequency 
should both result in a reduction in noise output. 

A stro ng loca l signal in the range 144 to J46 Mc/sis now 
required, fai ling which usc may be made of a g.d.o., and CJ 
and C6 adjusted for maximum signal strength along wi th the 
core of L3/!A and C l I. Finally, using a weak signal all the 
adjustments should be verified. ' 

The use of a g.d.o., unless transistorized, is not recom
mended for setting coils in compact transistorized equip
ment. It is difficult to obtain a true reading of resonance in 
the small space available and all too easy to damage the 
transistors by the application of excessive r.f. 

If a reliable noise source is available the coupling between 
LI and L2 and the values of the biasing networks R I R2 
R3 and R5, R6, Rl3 may be adjusted for optimum ~ois~ 
figure. but the improvements obta inable are not likely to be 
great. 

The performance of this converter will be found to be at 
least the equal of a good valve type using a 6CW4 r.f. stage. 

Alternative T ransistors 

A GM0290 may be substituted for the AFl39 in the r.f. 
stage with a marginal improvement in performance but it 
will be found necessary to include a resistor (Rx) of between 
10 and 50 ohms between the collector and tuned circuit, as 
indicated on the circuit diagram, to overcome a slight 
tendency towards instability. This resistor was not fou nd 
necessary when using the AFl39. 

Transistors which may also be employed in the mixer 

Fi&. S.17. Layout or the principal components on the under·side of 
the l id of the box. 

V.H.F./U.H.F. RECEIVERS 

A 4m FET converter with a cascode amplifier. 

stage include the AFI 39, AFZl2 and, with some degrada tion 
in performance, the AF IJ4 or OCl71. Tl should be noted 
that although the disposition of leads on the AFZ12 is 
similar to the G M037S, the base and emitter connections 
arc interchanged. 

Field Effect T ransistor ( FET) Converters for 70 a nd 
144 Mc/s 

The field effect transistor offers a performance rivalled 
only by the parametric amplifier. With the availability of 
such FETs as the Texas Instruments Ltd. 2N38 19, it is 
practicable lo design v.h.f. and u.h.f. receivers with ex
tremely low noise levels and at the same time with an 
immunity to strong signal (cross-modulation) effects less 
than those shown by a lmost any valve converter, and far less 
than for r.f. and mixer stages using normal transistors. 

The elements in a FET have a di fferent nomenclature 
from those in a normal transistor, and for case of reference 
this is briefly mentioned. 

F ET Norm~I Transistor Valve 
(approx. only) 

s~uf(C Emitter Cathode 
G;nc Base Grid 
Onin Collector Anode 

It should be noted that with the 2N38 I 9, an 11-channel 
device employed in these designs, the drain is connected 
to the positive side of the supply voltage while the gate is 
negatively biased and, as in a valve, draws negligible current. 
The new and higher perfo rmance TfS88 FET may be used 
with advantage to replace the 2N3819, especia lly in the RF 
stage, either neutralised or cascode. No changes in component 
values arc necessary but it should be noted that the source 
and gate connections of the TlSS8 arc interchanged with 
respect to those of the 2N38J 9. 

The Two and Four Metre Converters 

A common-source, neutralized r.f. stage feeds via double 
tuned circuits into a common source mixer (Fig. 5.28(a)). For 
those wishing to avoid even the simple procedure associated 
with neutralizing the r.f. stage, a cascodc variant is shown 
Fig. 5 .28(b) which docs not appreciably alter the performance 
in any respect but does require another 2N38 19. The local 
oscillator chain uses two cheap si licon 11-p - 11 plana r transistors, 
type 2N3826 (Texas £nstruments Ltd.), one as an oscillator 
with an HC-6/U overtone crystal, operating in the 30 to 
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'"' TA> 
Tl S88 o• 2N3819 TlS88 o• 2N3S19 

V1£WEO FROM L.~0 £NO 

2N 36t9q~ 2N3826r:t:i 
~o ~a 

TAI TAS • 
nsee •• 2 N3819 • • OOOTIOH•L COMPONENTS 

(b) All 
JU . 

JS Mc/s range, the other as a multiplier, doubling for 4m and 
quadrupling for 2m, with double tuned circuits feeding into 
the mixer. 

The standard output i.f. for both converters is in the 
region of J Mc/s but design data is given for i.f.'s between 
2 and JO Mc/s for the 2m converter and between 2 and 10 
Mc/s for the 4m. An Aladdin former, with enclosing 
Ncosid pot core, is used to accommodate the output trans
former for i.f.'s up to 16 Mc/s, but above this frequency, the 
Aladdin former only is required. To alter the i.f. it is only 
necessary to change the i. f. transformer coil and overtone 
crystal and perform a small amount of re-peaking. 

Construction 

The converters are constructed on a piece of Lcktrokit pin 
board, using wiring pins pushed into the holes to support 
most components, including the crystal and the transistors 
(sec Fig. 5.29). A standard, square 

TO) 

2N3826 
... 

2N38 26 

Fir. 5.28. (a) Circu i t of the neutralised FET converter. (b) An 
alternadve ca~coda input circuit. Operation i1 1athfactory 

for supply volta1es between 10 and 1~ volts. 

The aerial coil is air-spaced and is supported by 
wiring pins on the board. As the converters illustrated 
were intended for incorporation into a complete v.h.f. re
ceiver, the aerial and i.f. terminations were, like the 
ground and input negative connections, made to wiring 
pins but, if required, two Belling-Lee co-axial sockets 
may be mounted on the chassis, after drilling the neces
sary holes. No extra shielding is required anywhere, the 
need for it being avoided by proper layout and coil 
positioning. 

The logical s teps for construction are : 
(a) Cut and mark out the chassis. 
(b) Bend up the chassis. 
(c) Drill all holes. 
(d) Fit the earthing tags and two Belling-Lee sockets, if 

required. 
(e) Push the pins into the Lcktrokit wiring board. 
(f) Connect the leads on the underside of the board. 
(g) Mount the Lektrokit board in the chassis. 
(h) Mount the crystal and its holder on the board. 
(i) Manufacture all the coils and fix the Aladdin 

formers to the chassis. 
(j) Attach aJJ the other components, input coil, etc. 

and wire up. 
The metal work for the converters hardly needs any 

special comment as Fig. 5.30 is self-explanatory. 
The wiring pins should be pushed into the Lcktrokit 

board from the underside so that about twice as much pro-

piece of Lektrokit laminate board 
may be cut into three, each part of ~Fi_x_iH,_G_H_O_L_E -------------------------.....,.--, 

which may then be used to build a / 

EO GE OF SOARD FIXING HOLE 

converter, although two fixing holes 
must be drilled appropriately in the 
centre of each piece. The board is 
mounted inside a simple, trough 
section, 20 s.w.g. aluminium chassis, 
using 6 B.A. screws and nuts, stand-
ing the board f.r in. away from the 
chassis. The four coil formers, i.e. 
those associated with the oscillator 
and multiplier stages, together with 
the r.f.-mixer interstage coil and the 
i.f. transfom1er are all mounted on 
the chassis (see Fig. 5.31). 
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• WIRING PINS REQUIREO FOR BOTH 2 METRE AHO 4 METRE CONVERTERS - 32 OFF 

0 EXTRA WIRING PINS FOR CASCOOE MODIFICATION - 2 Off 

Fir. 5.29. W iring pin arransement. 



tcm lcm lcm fem ..... ~ .. FOLD UP 

l c m 

1
1
/4" 3/4•-+---13/4". ___ J MATERIAL -- 20 SWG 

l___-~-------------A-LU-M-f-N-IU-M-S-H-EE-T__, 

FOLD UP 

HOLES 'A' - 3/32" ( 8BA CLEARANCE} 
'B ' - 7/64" (68A CLEARANCE) 
'C' -- 3/e" OIA 

HOLES HAfiKED '~ ' ~f. E 
REQUIRED ONLY IF CC•Xlh~ 
SOCKETS ARE ro GE 
FITTED 

Fir. S.30. C hauis drillinr pla n_ 

trudes above the board as is left below. The best type of pin 
to use is that with a shoulder and longitudinal splines (Vero 
Electronics Type 2143). Otherwise, Lektrokit LK301 I pins 
may be used. The finished converter looks neater if some 
wiring is done underneath the board, prior to mounti1\g it in 
the chassis. In particular, the battery wiring and the earth 

TABLE S.S 

Co il Dct<>ils 

four Metres 
l1. 30 cums, 36 s.w.g. enam., close wound on 100 K ohms i watt 

resistor (required for ca.scode only). 
T1, secondary: 8 curns, 22 s.w.g. enam .• self.supporting (wound on 

i in. mandrel): Primary: 3 turns, ll s.w.g. enam., pushed into 
" cold " e11d of secondary. 

Tl, Primary: 6 turns, tapped l turns from earthy end, 21 s.w.g. 
Cf1:\lll,, close wound on 0·3 in. Al:\ddin former ; SccoJ\da.ry: 6 turns. 
22. s.w.g. cnam.1 close wound noaror chassis, spated ,\ in. from 
primary. 

T3, sec Table 5 .6. 
T"4. Primuy: 4 turns, 22 s.w.g. en~m., close wound near chusis on 

0·3 in. Aladdin former; Secondary: 4 turns, 22 s.w.g. enam .. close 
wound, spued :I- in. from primuy. 

TS, M3.in: 11 turns, 28 s.w.g. enam., close wound on 0 ·3 in . Af;iddin 
former: Emitter: 1 turn, 28 s.w.c . cn:.m .• overwound at" cold •• 
end of main winding; Output : l turns, 18 s.w.g. enam., ov1u
wound ~t centre of main winding. 

Two Metres 
Lt , 1S tu rns, 28 J;.w.,g. cnam., close wound on 100 K ohms t watt 

resistor (required for casc;:ode only) 
T·t , Secondary: i turns, 22 s.w.g. cnim., self-supporting (wound on 

j in. mandrel): Pdm;iry: 2 turns, 22 s.w.g. enam., pushed int<. 
" cold ' ' end of secondary. 

n, Prirnuy: S turns, upped 2 turns from earthy end, 22 s.w.g, 
cnam., close wound on 0·3 in. Al:iddin former (ignoro tap for 
C3Scode); Secondary: S turns, ll s.w.g. cnJm., close wound nearer 
chassis. spaced 1f in. from primary. 

T3, Seo T>blo 5.6. 
T1, S. as for 1m. 

T unable 1.F. 
l .F. centr(! 

Four Metres 
Hl-2·4 2·1 Mc/s 
2·1-2-7 2·4 
1·1--4·7 1-40 
7 ·1-7·7 7·40 
9·1-9·7 9·40 

Two Metres 
Hl- 3'8 2·8 Mc/s 
2·0--4·0 3·0 
H>-6·0 5·0 
8 ·G-10·0 9·0 

H ·G-16-0 15·0 
20·G-22·0 21 ·0 

H ·G-26·0 25·0 

28·G-30·0 29·0 

V.H.F./U.H.F. RECEIVERS 

TABLE 5.6 

T3 . ci 75 600 
c primary 

~ 
ohm ohm Crystal .. 

induc· ~ Former coup· co up· freq . tance I- ui line llnc 
turns turns 

--
31·15 lOSµH 66 36 Pot-cort! 5 13 
34·00 158 59 36 Pot-core 4 11 
33-00 16·8 31 32 Pot-core 2 6 
31 ·50 16·5 19 28 Poe-core 1 3 
30·50 10·3 I S 28 Pot-cor·e 1 3 

35·55 369 tLH ea 36 Pot-co re 6 17 
35·50 316 82 36 Pot-core 6 16 
35·00 105 ~7 31 Pot-core 3 9 
31·00 31 ·6 26 32 Pot-core 2 s 
32'50 11-3 15 28 Pot-core 1 3 
31 ·00 5·8 29 26 Aladdin 2 s 

c/w former 
30·00 4 ·1 27 26 Al•ddin 2 5 

c/w former 
38·67 3 ·0 25 26 Aladdin 2 5 

c/w former 

wire from the crystal clip may be so inserted. U the cascodc 
r.f. stage is to be used, the earth connection to the bottom 
of R2 may also be made under the board with advantage. 

Mounting the Lektrokit board in the chassis requires the 
use of two 6 B.A. x t in. ch. hd. screws and nuts, spucing 
the board fir in . away from the chassis. The crystal holder is 
fixed to the board by soldering the connections to two wiring 
pins. The crystal is inserted and is then clamped in position 
by bending a 6 B.A. tag carefully over it, after the tag has been 
soldered to the earthed wiring pin provided. 

The coils for T2 and T4 are produced by close-winding 
22 s.w.g. enamelled wire on the shank of a t in. drill (wind 
one more turn than required). If the wire is then pulled olT 
carefully, it may be sprung, by rotation, on to the Aladdin 
former. Note that the earthed end of the secondary of T2 is 
nearer to the chassis. The primary is situated at the outer 
end of the former, with its " cold " end nearer to the secon
dary. The two coils are spaced by -i'.r in. The earthed end of 
the primary ofT4 is close to the chassis and the earthed end 
of the secondary (which is situated right at the other end o f 
the former) is nearer to the primary. The cores for both T2 
and T4 are prepared by cutting a standard core in half; they 
arc locked in position, inside the former, by means of narrow 
strips of polythene sheet. 

The main winding of the oscillator coil TS is close-wound 
near the chassis end of the Aladdin former, its earthed end 
being close to tlte chassis. A layer of adhesive Melinex tape 
facilitates putting the other windings on top, the feedback 
coil at the cold end and the output winding near the centre 
of the main winding. 

The i.f. transformer T3 should have each half of its tuned 
winding wound in two adjacent coil former sections, leaving 
one section available for the output-<:oupling secondary. 

Lining-up and Operation 

The output i.f. tuned circuit will not normally require 
peaking for i.f.'s below 10 Mc/s. The crystal oscillator will 
only oscillate strongly on the correct overtone frequency and 
probably will not oscillate at all unlocked unless the crystal 
has an exceptionally high shunt capacitance. U a receiver in 
the 35 Mc/s region is not available. correct operation of the 
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A lm FET c;onver·t:er usinc the ne utra.lixed inpu t st;igc. 

oscillator may be checked by the method described on page 
5.20 in connection wilh the adjustment of the 2m tran
sistorized converter. J f the oscillator does not appear to work 
at all , the sense of the feedback winding should be reversed. 

An r.f. detecto r loop and diode and a set of calibrated 
absorption wavemetcrs wi ll be found useful when tun ing 
up the multiplier coils. However, if these are not available, 
the 1 pF oscillator injection capacitor 
lead may be temporarily moved to 
the multiplier collector and the 
multiplier coil tuned to give a noise 
peak. ·n1en tbe injection capacitor 
should be reconnected to the secon
dary winding of the mult iplier coil 
which may itself be a ligned, and the 
primary re-peaked. 

It is next necessary to rcsona te the 
mixer gate circuit. In the case of i.f.'s 
below 6 Mc/s with the 2m converter 
and below 3 Mc/s with the 4m con
verter, it may be d ifficult 10 dis
tinguish between the noise pea ks due 
to operation above and below the 
frequency of the local oscillator. A 
very p ronounced dip in noise 
between noise peaks probably 
indicates too much oscil lator in

E 
@ 

jection. This may be checked by measuring the mixer source 
current (connect a 0-10 voltmeter across R4). This current 
should not increase by more than a few per cent when 
the local oscillator is switched on. lf it does, reduce the 
coupling between the two parts of T4. Operation of the 
mixer at too high a level of oscillator injection will produce 
a very poor strong signal performance. 

Wi th a 75 ohm load resistor (or an aeriaJ) plugged into 
the input socket, it should be found possible to tune the 
primary ofT2 to resonance at signal frequency. At the same 
time (in the case of the single, earthed-source r. f. stage), the 
neutralizing capacito r may be adjusted for best stability. 
T he input circuit may then be set up in tbe usual manner for 
valve r.f. amplifiers and the entire converter fina lly peaked 
using a signal generator or external signals. 

Pe rformance 

One of the advantages of FET's over ordinary transistors, 
or even vaJves, is their ability to operate satisfactorily in 
the presence of strong signals, of the order of JOO rnV or so, 
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from other (unwanted) stations working in the same band. 
This is due to the curvature of the mutua l characteristic of 
the FET being such that cross-modulation does not readily 
occur; at the same time the characteristics arc almost ideal 
for the role of mixer. The absence of a heated, emissive 
cathode, apart from other considerations, is conducive to a 
low noise level. Both the converters are capable of providing 
a noise factor bcuer than 3db provided that the noise factor 
of the main receiver (variable i.f. tuner) into wbicb it is fed 
is not itself worse than about JOdb. T his latter proviso is a 
result of the converter gain having been held to a low value 
to minimize overall strong-signal effects. Should constructors 
wish to use tuners with rather poor noise performance t he 
necessity of an extra amplifying stage may be avoided by 
simply reducing tbe values of the JO K ohms r.f. stage and 
mixer source feed resistors, thus increasing the gain of the 
converter. The minimum advisable resistances are 500 ohms 
for the r.f. stage and I K ohm for the mixer. 

To achieve gain equal to that of the original converters, 
but with the use of a 9 volt battery, the following component 
modifications should be made: 

Change!R2 to 6·8 K oh ms 
R4 to 6·8 K ohms 
R 10 to 10 K ohms. 

INPU T COIL AERIAL COIL 

INPUT COIL AERIAL COIL 

Fig. 5.31 ("') W iri ng diagram for t he two-FET con
verter. {b) Modifications for inco rporatin g a ca,scod e 

r.f. s tage. 



TABLE S.7 

Components List 

Cl, 3, 1000 pF disc caramic. 
Cl, 4·7 pF ceramicon (~m), not required for 2m. 
C4, 2-8 pF mini•turc t rimmer, Pleuey typo 7365 (not required for 

coscode). 
CS, 10 pF ccramicon (4m), 2·2 pF ceromlcon (2m). 
C6, 10 pf ccramicon (4m), not required for 2m. 
C7, 15 pF cer>micon. 
CS, 1 pf cenmicon. 
C9, 13, H, 16, 2200 pF disc ceramic. 
C10, 22 pf ceramicon (4m), 6·8 pF ceramicon (2m). 
C11, 12, 33 pf ceramicon (4m), 6·8 pF ceramicon (2m). 
C15, 15 pf cenmicon. 
R1 , 33 K ohms. 
R2, 4, 10 K ohms (10-H volts), 6·8 K ohms (9 volts). 
R3, 100 K ohms. 
RS, 4·7 K ohms. 
R6, 8, 470 ohms. 
R7, 22 K ohms. 
R9, 2·2 K ohms. 
R10, 15 K ohms (10-14 volts). 10 K ohms (9 vol ts). 
T2, 4, S, 0·3 In. dlnm, nylon Aladd in former, with Iron dust core. 
Tl, 0·3 in. diam. nylon Aladdin former, with Iron dust core, for 

iJ.o above 16 Mc/s. Ntosid pot core on Al•ddin forn1or for i.f.s 
below 16 Mc/s. 

TR1, 2, 2N3819 fET (Texas Instruments Ltd.) . 
TR3, 4, 2N3826 (Texas Instruments Ltd.). 
X1, HC-6/U crystal and holder.•• required . 
The following additional components arc required for tlie c;ucode 
modifkuions: 
C17, 1000 pf disc ceramic 
R11, 12, 33 K ohms. 
L1 , 100 K ohms (see Table 5.5). 
TR5, 2N3819 {Texas Instruments Ltd.) or TIS88. 

A TRANSISTOR MAST-HEAD AMPLIFIER FOR I« MC/S 

Siting a v.h.f. aerial in the best position for transmission 
and reception often means the use of a long coaxial cable 
with consequent loss of the weaker incoming signals due to 
feeder allenuation. The use of a pre-amplifier mounted on 
the array itself goes a long way towards improving recepiion, 
and if a transistor pre-amplifier is used the difficulties o f 
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/GAMMA MATCH 
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R2 
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';' I C6 
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4 2 3 

1 SWITCH ON MAIN - 20V I 
I AERIAL RELAY I 
L- - - --- - -<O>""....,...._o------ ---1 
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supplying high and low tension voltage to the unit are avoided 
The following design, giving about 8db of gain, was 

originated by L. W. Aurick, K3QAX/W2QEX and appeared 
in the Fall 1964 issue of Ham Tips: it is published here by 
kind permission of the copyright holder, the Radio Corpora
tion of America. 

By reference to Fig. 5.32 it will be seen that, in the receive 
position, signals are applied through Cl, the gamma
matching capacitor, via relay contacts X and Y to the base 
of a type 2N2708 transistor. L I, in parallel with C2, in the 
colleccor circuit is tuned to the centre of the band and the 
amplified signals pass, via C3 and relay contacts A and B to 
the inner conductor of a coaxial cable to the aerial change
over switch in the station and thence lo the receiver. On 
transmission the relay is energized in the pre-amplifier, 
disconnecting the Jailer, and connecting the feeder directly 
to the aerial. 

It will be seen that Rl /R2 forms the base biasing potentio
meter across the supply, R 3 provides emitter bias and radio 
frequency chokes RFCl and RFC2 arc inscrl.cd to prevent a 
loss of signal through the bias ing resistors. A 20 volt supply, 
with the positive side earthed as the 2N2708 in a 11-p-11 type 
transistor, is connected by one pair of leads in a three-core 
cable to terminals 1 and 2, the remaining lead being run 
between terminal 3 and one side of the pair o f addit ional 
contacts on the aerial changeover switch previously men
tioned. 

Tn the original design the relay is a rela tively inexpensive 
12 volt open type, normally employed for aerial changeover 
service at the lower frequencies and suitable for transmitter 
inputs up to 100 watts. If the more expensive coaxial type 
were subst ituted power could be increased subject to the 
transistor not being overloaded by stray r.f. 

T he pre-amplifier is constructed on an aluminium plate 
I! in. square having a ! in. lip for mounting on the wall of a 
metal box 4 in. x 21 in. x 2! in. All wiring should be as 
short as possible and the relay should be fixed to the opposite 
short wall of the box. The unit may be mounted on the 
aerial boom in any convenient manner, perhaps the easies: 
method being by means of a U-boll fastened to the top of 

I 
+20V 

cs 

LI 

o.c 
0 

0 
c crccro 

TAB 
2N2708 

the box. A braided copper strap 
should be connected between a lug 

f ig. S.32. Circuit diaaram of a tran sistor mast head amplifier for the lm band. CS must be 
capable of ca rryin1 the t ransmitte r aerial current. C4, S, 9 ~70pF d isc ceramic. C6, 7, 8 SOOpF 
fe-e:dthrou1h1. R4 must be of suitable ratinc and v·alue to operate the relay from the 10 volt 

on the nearest wall of the box and a 
point on the boom directly in line 
with the gamma-match. As the 
earth strap could be a source of 
inductive rcactance that must be 
cancelled by C I, it should be kept as 
short as possible. Capacitor CI is 
connected to the gamma-match bar 
through a ceramic feed-through 
mounted on the box close to the 
relay. CI must be isolated from the 
box by means of a small piece of 
polystyrene sheet and a hole pro
vided so that adjustment may be 
effected by an insulated screwdriver. 
A cork or rubber bung should be 
inserted in the hole after adjustment 
to keep out clamp. Resistor R 4 
should be of such a value that the 
relay operates satisfactorily from the 
20 volt supply. supply. Other re,istors are oft wa..tt rating. 
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Setting-up-Transmission 

With the relay in the TRANSMIT position, tbe length of 
the gamma matching bar and the value of Cl are adjusted 
with the aid of a standing wave ratio bridge, until the s.w.r. is 
as near I to I as possible. 

Setting-up-Reception 

Having ascertained, by means of a grid dip meter, that 
the circuit LI C2 will tune to the centre of the band, an 
appropriate test signal is located on the receiver and C2 and 
CJ adjusted alternatively until the slrongest result is 
obtained. This will be with CJ near maximum and C2 near 
minimum capacity. 

U .H.F. RECEIVERS 

The 70cm band involves an increase in frequency of three 
times that used for the 2m band and the 23cm band a further 
increase of three times. Since the losses in dielectrics, the 
r.f. skin effects in conductors and valve transit time, losses 

Photoe•aph of a B9A valve
holdcr with an eart·hint collar 
used to earth the grounded 
electrodes of a valve. Slot:s are 
provided adjacent to tags con
nected to the external circuit.. 
Leadthrouch bypass capacitor·s 
are mounted close to t he socket.. 

ncrci1se rapidly as the frequency is raised, particular care 
must be exercised in the choice of components, materials and 
valves for use on the u.h.f. b:inds if high performance is to be 
achieved. 

Metal parts which form any part of, or arc within tbe field 
ol, a tuned ci rcuit or carry r.f. currents, should be of copper 
or brass and not of steel or aluminium although these 
materials may be used if they a rc silver plated to au adequate 
thickness for the frequency in use. Where faciJities arc avail
a ble, it is best to plate all such parts. They should, however, 
not be polished but left matt and protected from tarnish by 
lacquering. Insulating materials used in 
or near tuned circuits or in the manu-
facture of valveholders should be o f 
p.t.f.e. (lluon), polystyrene or polythene. 
Such materials as Perspex, ceramic, 
mica or p.v.c. should be employed only 
with caution; Bakelite and nylon should 
not be used. 

A 

short lengths of wire to adjacent tags on the chassis are not 
sufficient for this purpose. One convenient method is to 
mount aa earthing collar around the valvebolder and to 
bolt it firmly or solder it to the chassis; the apprnpriate 
valveholder tags can then be soldered to the collar, as shown 
in the photograph. Where valve electrodes require decoup
ling to earth, fecdthrough capaci tors should be used. These 
should be mounted as closely as practicable to the valve
holdcr tag. Those capacitors bui lt into cavities and similar 
constructions should be made of p.t.f.e. or polythene film 
clamped between metal surfaces. 

TUNED C IRC UITS 
As the resonant frequency of a tuned circuit is raised the 

capacitance and inductance must be reduced until a point is 
reached at which the necessary inductance becomes so small 
that it is impracticable to use the ordinary type of coil con
struction and it assumes the form of a hairpin loop. Fig. 5.33 
illustrates how progress ively high frequencies are attained. 
Fig. 5.33 (h) is frequently employed on 70cm while Fig. 
5.33 (c) is similar to a butterfly circuit where the capacitor is 
of the split-stator type. Fig. 5.33 (<I) represents a multiplica
tion of this structure and in Fig. 5.33 (e) there is in effect an 
infinite number of loops in parallel, i.e. a cylinder closed at 
both ends with a central rod and known as a coaxial cavity. 
The capacitance element is provided by a threaded rod T , 
which passes through a threaded end-plate; a disc DI is fixed 
to the lower end of the rod so that it is parallel to a similar 
disc D2 attached to a central support. The simple hairpin, 
shown at Fig. 5.33 (b), is a very convenient form of con
struct ion : it can be made of wide strip rather than wire and is 
especially suitable for push-pull ci rcuits. It may be tuned by 
parallel capacitance at the open end P or by series capacitance 
inserted at the closed end S. l n a modification of the hairpin 
loop, one side can consist of a straight wire or strip while the 
other side is a sheet of metal which can be part of the chassis, 
the strip being spaced from the metal; such an arrangement 
is known as a strip line. When very close to the metal sheet 
but insulated from it by a solid dielect ric film, it is known as 
a micros/rip. 

All of these resonant clements can be either series or 
parallel tuned. Tuned circuits in the form of hairpin loops 
or st rip lines can be used quite successfull y up to about 
700 Mc/s ; above this frequcDcy butterfly circuits or coaxial 
cavities must be employed. Because a cylindrical cavity 
usually requi.res the use of a lathe for its construction, a 
simpler type in the form of a trough which can be made with 
hand tools is frequent ly used: sec Fig. 5.34. The open side 
may be closed with a well-ti tting lid if required : the omission 
of the lid only reduces the Q sligh tly. One end of the trough 
is closed by a plate to which the inner line is secured and the 

s p 

(__,* 

8 A number of valve types using glass 
bases require several of the pins to be 
effectively earthed to achieve stability; 

Fis. s .. )). Pro1reu ivc development of tu ned circuiu from a coil to a cavity as the 
frequency ie increaaed. 
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TOP SIDE 

Fie. 5.34. A trouch line tu ned 
circ uit, 

three edges of Lhe plate must make a sound low resistance 
connection with the trough, preferably by soldering. Tuning 
may be effected by a disc type capacitor or a small trimmer 
connected between it and the end of the inner line. 

A cavity or trough line must have dimensions for the 
frequency used and the stray capacitance associated with the 
valve or crystal connected to it. The dimensions can be 
calculated from the basic equation: 

where I is the length in the same units as wavelength, f is the 
frequency in cycles per second, C is the capacitance (total) in 
Farads, Zo is the characteristic impedance in ohms. 

The formula may be more conveniently rewri tten as: 

I = 30,000 tau-• 101 

2r. I 27r /ZoC 

where I is in centimetres,/is in Megacycles per second, C is in 
picofarads and Z 0 is in ohms. 

The characteristic impedance Z0 for a coaxial line is 
obtained from the formula Z 0 = 138 log 10~ where bis the 
inside diameter of the outer tube and n is the outside dia
meter of the inner tube. For a square trough line the formula 
is: 

Z0 = 138 log JO•+ 6·48 - 2'34A - 0·48B - 0·12C 

h . the inside dimension o f the trough 
w ere P ""' the outside diameter of the inner line 

A = 1 + 0·405p -• 

B 

1 - 0·405p _. 

1 + 0·1 63p -· 
1 - 0·163p -· 

c = l + 0·067p -1
• 

1 - 0·067p -12 

It can be seen from the formula for evaluating / that z0c 
occurs only in one portion of the equation. Quite clearly an 
infinite number of values of z. and C will give the same 
multiple. Thus a trough line or cavity with a characteristic 
impedance Z0 of 100 ohms and a capacitance of 8 pF will be 
the same length as one for which Z0 is 200 ohms and C is 
4 pF if they are both tuned to the same frequency. From this 
it follows that a graph can be plotted of frequency versus 
length of inner line for various values o f Z0C, as shown in 
Fig. 5.35. With its aid a trough line or cavity can be designed 

V.H.F.fU.H.F. RECEIVERS 

or the resonant frequency of an unknown cavity obtained. 
The choice of the ratio of outer to inner dimensions is 

governed by electrical and mechanical considerations and the 
purpose. The value of the capacitance C is given by the valve 
capacitance, which may be appreciable, together with any 
tuoing capacitance that may be present. .It may prove to be 
so large that the length required for a high impedance cavity 
becomes so short as to be un manageable: in extreme cases it 
might even be shorter than the valve which is to be mounted 
inside it. 

Cavities are most readily constructed of lengths of stan
dard sized brass or copper tubing and the choice of the ratio 
of outer to inner dimensions will o f course be limited by the 
range of sizes available. For oscillator or amplifier aoode 
tank circuits, cavities should in general have a low impedance 
(of the order or 3~ ohms) whereas for input circuits the 
impedance may be as much as 100 ohms or higher. Optimum 
Q for an unloaded cavity occurs when the characteristic 
impedance Z 0 is 77 ohms. If it appears necessary either for 
achieving a proper impedance match or for reducing the 
capacitance loading, the connection from the valve or crystal 
can be tapped down to a " lower " point on the inner con
ductor (i.e. nearer the zero potential end). When th is is done 
the value of C is calculated by dividing the valve or crystal 
capacitance in Farads by the total length of the line in inches, 
divided by the length from the short circuited end to the 
tapping point. The tapping point should not, however, be 
taken too far down the inner conductor otherwise the cavity 
will probably operate in some other mode than was intended 
and the resonant frequency will then be quite different from 
that expected. 

Because of the variation in capacitance between various 
samples of the same valve or crystal (usually of the order or 
30 per cent) provision should be made for varying the 
electrical length of a circuit if replacements are likely to be 
made. T his cao be achieved by sl iding the line or cavity in 
and out, thus changing the effective length, but since a very 
high mechanical precision is essential and tl1e sliding sur
faces must be plated with oou-tarnishable material such as 
rhodium, it is not recommended for amateur purposes. 

A more convenient method is to use a small trimmer 
capacitance formed of two discs, one mounted on the inner 
conductor and the other carried on a screwed stem mounted 
in a threaded bush fitted in the outer conductor. Some means 
of locking or gripping the thread of the adjustable element is 
desirable to ensure not only a sound contact but also to 
prevent any wobbling of the disc as it is adjusted. 

A graph relating the diameters and capacitance ranges of 
disc type capacitors is given in F ig. 7.7 in Chapter 7 (V.H. F./ 
UJJ. F. Tra11smi1ters). 

Input a nd Output Coupling 

Three methods may be used to couple power into or out of 
a resonant cavity or line: (a) a tapping may be made on to 
the inner line near the closed end (Fig. 5.36(a)); (b) a coup
ling loop may be inserted near the inner line towards the 
closed end (Fig. S.36(b)); (c) a capacity probe may be 
inserted near the open end of the inner line (Fig. 5.36(c)). 

The first method allows no easy means of adjustment and 
for low impedances the tapping point is oft en inconveniently 
near the closed end. The second is more versatile since the 
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degree of coupling can be readily 
adjusted either mechanically by 
ro tating the loop or varying 
its size, or electrica lly by tuning 
the loop with a series or parallel 
tuning capacitor: when very 
tight coupling is requi red the 
loop should be boot shaped as 
shown in F ig. 5.36 (b). The 
third method is generally suit
able only for high impedance 
coupling, the position or the 
probe varying the coupling, but 
if required it can be matched 
to a low impedance circuit , for 
instance, by inserting a quarter
wave line: details or this tech
nique will be found in Chapter 
14 (V.H.F. Aerials). 

THE MIXER 
Two basic types of mixer are 

used in u.h.r. receivers- triodes 
(generally connected in a 
grounded grid circuit) or crystal 
d iodes. In some cases a lher
mionic diode may be used 
instead of the crystal type but 
the performance may be inferior 
because its capacitance is higher. 
For the 70cm band either type 
may be used, but lriode valves 
are more often used than crys&als 
because they arc more readily 
available and have a conversion 
gain, whereas crystals and lher
mionic diodes have a conversion 
loss. For the 23cm band and 
below (i.e. frequencies above 
1250 Mc/s) the mixer is almost 
invariably a crystal. 

Triode Mixers 
A triode valve can be used as 

a mixer in two essentially 
d ifferent ways. The non-linear 
characteristic necessary for mix
ing results from biasing the 
valve to operate either on the 
anode bend or on the grid 
current bend (leaky grid). Jn 
the anode bend mc& hod the 
application of the local oscillator 
vol tage will drive the anode 
current upwards; in the leaky 
grid method it will drive the 
a node current downwards. Pro
vided that !be recommended 
oscillator injection voltage 
applied is correct the resultant 
anode current will be the same 
by either method and the con
version gain and the noise factor 
will be the same. For anode 



(11) (b ) (c) 

Fig. ~.36. T~rcc methods of couplin~ into a lin e or cavity. (:a) 
:rapping the inner conductor. (b) Boot·thaped coupling Joop at low 
1mpedanco end or inner conductor. (c) Probe at high impeda.ncC! end 

of inne r conductor. 

bend operation, valves having indirect ly heated cathodes 
can be provided with automatic bias. Those u.h.f. valves 
with a common heater ~md cathode connection, however, 
will need a separate heater winding. When disc-seal valves 
mounted in cavities arc used the grid disc or ring will have 
to be insulated from the cavity if they arc lo be used as leaky 
grid mixers. 

The choice of method will also depend on whether the 
valve is connected in a grounded grid or grounded cathode 
circuit. If trouble is experienced with i.f. breakthrough the 
mixer input electrode (the grid or the cathode as the case may 
be) should be bypassed to earth with a reactancc that is low 
for the i.f. employed. A typical 70cm mixer is shown as part 
of Fig. 5.41 later in this chapter. 

The advantages of a triode mixer arc the useful power gain 
that it provides and the reduction in the number of i.f. stages 
resulting from the fact that it acts as an i.f. amplifier itself. 
The exact value of oscillator injection is not very critical and 
a valve is not so readily damaged by accidental pick up of r.f. 
power from the Lransmitter as a crystal, but it is of course 
more expensive and the alternative of including an additional 

OSCILLATOll 
OR HIGH ·~· 

BRE AK 

CAVITY 

Fig. S.31. Typical •nixer cavity and circuit for 1196 Mc/$. 
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i.f. stage may be considered belier value. In a well-designed 
arrangement the noise factor is of the same order. 

Crystal Mixers 

As a crystal mixer acts as a diode and operates non
linearly around the bottom bend in the characteristic, the 
oscillator injection voltage applied must be sufficient to 
swing the operating point well round the bend. If the voltage 
is too low tbe conversion efficiency will be low because the 
curvature of the working portion of the characteristic will be 
relatively slight. On the other hand, if the voltage is too high 
the conversion efficiency is no greater but more noise is 
produced because the noise output is proportional to the 
oscillator voltage input. It is clear lherefore that the injection 
voltage employed is fai rly critical if optimum noise factor is 
to be achieved and some means of adjusting its value should 
be provided in the receiver. Preferably, a meter should be 
installed permanently in circuit so that the oscillator voltage 
can be set for the best performance. The meter should be a 
microammetcr connected in series with the crystal, the 
applied voltage being varied to produce a predetermined 
current which will vary according to the type of crystal : 
even different specimens of the same type will produce 
different current levels. The current is likely to be in the 
range 0·1- 1 mA. 

Some crystals require a small negative bias for optimum 
performance and a suitable bias voltage can be provided by 
including a resistor of 500-1000 ohms in the circuit, but it 
should be borne in mind that some microammetcrs have a 
resistance of this order and some may even have too high a 
resistance. The resistor and meter must be adequately by
passed for both r.f. and i.f. currents. A number of crystals 
suitable for 70cm arc available, examples being the GEX66 
(CV2290) or USA CK7 10, and for 23cm the type CS2A 
(similar to the CVJ03) or !N21 or SIM2. 

Fig. 5.37 shows a typical mixer cavity for 23cm operation. 

H igh Q Break 

The local oscillator voltage in a receiver may be generated 
by a single valve or, as mentioned in the v.h.f. receivers 
section, al a lower frequency to obtain better stability, and 
the frequency mul tiplied by one or more doublers or treblcrs. 
The output of an oscillator contains frequencies other lhan 
tbe required one (i.e., harmonics in addition to the funda
mental) together with some noise; the output of a chain of 
multiplier stages includes lower frequencies in addition to the 
required frequency. Ideally the local oscillator voltage in
jected into the mixer should be a pure sine wave of the 
reQuired frequency; other frequencies merely generate more 
noise in the mixer without contributing at all to the signal. 
Since a low noise level is an essential requirement in u.b.f. 
receivers, the voltage injected into the mixer should be at the 
fundamenta l only and all olher frequencies should be 
removed by a fil ter. Such a filter is known as a high Q break 
and usually consists of a coaxial cavity with a coupling loop 
at the low potential ("cold ") end and a probe coupling at 
the high potential (" hot ") cod, both being fairly loosely 
coupled so that a high Q value is achieved. Examples of 
70cm and 23cm high Q breaks are shown overleaf. Typical 
performance of n 70cm filter would be an attenuation of 
- 15db at a frequency 3·5 Mc/s away from the operating 
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Two high Q Breaks, the longer for 430 Mc/s, the shorter for 1296 
Mc/s. 

frequency. This would ensure tha t, provided that the 
original source is higher than 3·5 Mc/s, no other frequency 
or sufficient magnitude to matter would be fed into the mixer. 
Where the last valve in a frequency multiplied oscillator 
chain is of the disc-seal or coaxial type with a tuned cavity 
anode circuit, this cavity can readily be made sufficiently 
selective to operate as a high Q break. 

Fig. 5.38. Essen tial d imensions for hi1h Q breaks. 

Inside d iameter of o uter cond uctor 
Outside diameter of inner conduc-to l"' 
D im ension A (end to tap on inner) 
Dimension B (end t o couplinr p robe) 
Dimension C (di-am. of t _rimm er) 
Dimension D (tenrth of inner con· 

ductor) 

2J cm JO cm 70 cm 
43/~ in. 43/64 in. 43/~ in . • 

i in. t in. i in. n in. n in. t in. 
It in. I! in. Hin. 
•in. jin. tin. 

fl in. l in. 6 in. 
Dimension E (length cf outer con· 

ductor l j in. l l in. 
Dimension F (diam. of probe) t in. ~· I n. 

6! in. 
i in. 

'i in. o.d. tube with 20 s.w.c. wall. 

THE INTERMEDIATE FREQUENCY 

The same basic considerations apply to the choice of the 
first intermediate frequency to be used for the u.h.f. bands as 
for 70 and 144 Mc/s. It should be borne in mind, however, 
that the frequency ranges to be covered arc somewhat wider 
and therefore it is desirable to adopt a higher first i.f. for a 
u.h.f. converter. This also helps to improve second channel 
rejection. 

Although interference from second channel signals is almost 
unknown in the u.h.f. ranges poor second channel ratio will 
cause a deterioration in the noise performance of the 
receiver ; for example, a I : l ratio would increase the noise 
factor by 3db. Trouble may be experienced, however, in 
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the mixer if the i.f. is too high, because the signal circuit is 
then so far removed in frequency from the oscillator injection 
frequency that it becomes difficult to maintain an adequate 
mixer heterodyne voltage. A suitable first i.f'. for a con
verter for 70cm will be found between 20-30 Mc/s and for 
23cm between 3~0 Mc/s; a 70cm receiver which incorpor
ates a good r.f. s tage may use the standard i.f. of 10·7 Mc/s 
or a lower frequency if preferred. 

First l.F. Amplifier 

The early stages of the i.f. amplifier following a crystal or 
thermionic diode mixer must be of the low noise type because 
this type of mixer has a gain less than unity. Low noise is 
most readily achieved with a double triode valve such as the 
E88CC, ECC89, 6BQ7A, or ECC84 (6CW7) used as a 
cascode; see Fig. 5.16. After the early stages, an ordinary 
pentodc may be used but one having a low equivalent noise 
resistance is preferable. 

When the mixer is a triode, connected either in a grounded 
cathode or grounded grid circuit, a peotocle type of first i.f. 
stage is satisfactory because in effect the first i.f'. stage is 
already a triode. 

The mixer output impedance must be suitably matched to 
the input impedance of the first i.f. amplifier valve. This is 
particularly important if a crystal or thermionic d iode is used 
because in both of these types the impedance is relatively low 
(about 500 ohms as a mixer). The circuit design and the 
precautions necessary to avoid i.f. breakthrough arc similar 
to those relating to v.b.f. receivers. 

An i.f. amplifier following a crystal mixer should have a 
noise factor of 2-4db and following a triode mixer, 6-8db. 

LOCAL OSCILLATORS 

The local oscillator voltage for a u.b.f. converter may be 
generated either at a frequency near to the signal frequency 
(i.e., plus or minus the first i.f.) or at a lower frequency and 
multiplied. These alternatives have been discussed earlier 
in tl1is chapter in connection with 2m and 4m converters. The 
same considerations apply to u.h.f. receivers but because of 
the higher frequencies involved frequency stability is even 
more important. Receivers for telephony reception on 70cm 
can be built using a fundamental frequency tunable oscillator 
but for c.w. the oscillator must be on a lower frequency (for 
example, 200 Mc/s). All practical receivers for 23cm employ 
a crystal oscillator and frequency multiplier chain, as do 
many fo r 70cm. 

Self-excited Oscillators 

lo addition to the various stable oscillators already 
described for use in 2m and 4m equipment, a type designed 
by RCA in Switzerland is useful over the frequency range 
between 420 and 1300 Mc/s. It can be a basis for experi
mental work as a receiver oscillator and is also invaluable as a 
signal source and as a form of grid dip oscillator. lt is 
relatively easy to construct and employs a readily available 
receiving type valve, the 6AF4A. 

The basic circuit is shown in Fig. 5.39 while, a 
picture of such ao oscillator is shown, with the end cover 
removed. The tuned circuit is of the butterny type, but the 
inductive element is formed by the metal box which contains 
the oscil lator and is tuned by a spl it-stator capacitor con-
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Fir. 5.39. Circu i t of u.h.f. oscillator. Cl, see T able 5.7; Cl, 3, ;opproxi
mately 4 pf (see t e xt, value between l and 6 pf); C4, 5, 6, 100 pf 
leadthrou1h capacitors; L I , sides of box (see T a ble 5.7); Ll, cou pling 
loop; RFCI , 15 turns 30 s.w.g. enam. tin. i.d. tin. Ions; RFCl, 8 turns 
18 s.w.1. enam. ·! in. i.d. i'r in. long; RFCJ, 15 tu rn• 28 1.w.g. e nam. 

~ In. l.d. t in. lone (two wires wound as a twi sted pair). 

nectcd across the opposite sides of the box. This results in a 
rigid construction having the wide tuning range associated 
with buttcrny circuits. Drift due to variations in valve 
capacitance and loading are reduced b)' effectively tapping 
the grid and anode of the valve down the tuned circuit by 
capacitive potentiometers formed by built-in c.1paeitors and 
the valve ekctrodc capacitance. The effect of the valve on the 
circuit can be reduced still further by maldng these capacitors 
smaller but the output voltage will fall, the valve ceasing to 
oscillate if the values are too small; conversely if the values 
arc increased, the output will increase but the drift will also 
be increased. Typical values are between 2- 6 pF. 

The box is made of aboutl8 s.w.g. brass 
or copper sheet and the seams soldered : 
its height should be just sufficient 
to accommodate the split-stator cap
acitor with the valve holder mounted on 
the end, the valve itself being shielded 
by a metal chimney or a well fitting 
cover. If the box is too high the end 
space will act as a cavity and produce 
spurious modes of oscillation. The 
split-stator capacitor should have brass 
plates soldered across the sides of the 
fixed wines and the plates clam peel to 
the sides of the box by a double row of 
screws. Unless the sides of the box arc 
in intimate contact with the capacitor 
throughout its length the Q of the circuit 
will be reduced. The width of the 
capacitor with the plates in position 
decides the internal width of the box: 
the remaining sides of the box should 
have a dimension of twice the width. 

V.H.F.{U.H.F. RECEIVERS 

TABLE S.8 
Dimension• of boxes for use with four types of apaci tor in the 

occillator circuit of Fir~ 5.39 

Capacito r Inside dimensions of box Approx. 
Eddyatone Capacitance ,_ ---- -- frequency 
Typ• N o. Length Width Depth rana:e 

551 24 + 24 pf It in. tin. Ii in. 800· 1 ISOMc/s 
587 10 + 10 pf 2i in. Ii in. 21 in. 610-925 Mc/s 
58-4 H + H pf 2l· in. Ii in , 2 .. In . 420·8So Mc/s 

1°'8 40 + 40 pf Sin. 2i in. ll in, 300-550 Mc/s 

frequency range for each and other relevant dimensions. 
The built-in capacitors are formed of two brass plates fixed 
by small screws (10 B.A.) to the fixed vanes of the tuning 
capacitor but insulated therefrom by several sheets of thin 
polythene or p.t.f.c. film (about O·OJ in.). The drilling and 
tapping must be clone with great care. 

The two anode tags of the valveholder, which must be 
made of p.t.f.e., arc soldered directly to one plate and the two 
grid tags to the other. Tbe heater, cathode and anode 
supplies are filtered with chokes and by-passed to the box 
with lcadthrough capacitors which provide the external con
nections. A coupling loop is mounted in the box at the end 
remote from the valve and adjusted so that connection of an 
external 70 ohm load does not cause the oscillation to 
cease. 

The earthy end of the grid leak is brought out through a 
leadthrough capacitor and is available to check the grid 
current. With no anode voltage applied ihc coupling loop 
may be connected by a short length of cable to another loop 
coupled to another oscillator or transmitter, :ind the tuned 
box used as an absorption wavemeter, the grid current 
providing indication. Alternatively, with anode voltage 

The mid-frequency and toning range 
depend on the size of the box and the 
capacitance swing of the split-stator 
capacitor. As relatively few suitable 
capacitors arc available the choice is 
somewhat limited but Table 5.8 gives 
four types of Eddystone capacitor, the The u,h,f. 01cillator of fig. 5,39 with t ho v~lve removed show ing the construction. 
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applied, the grid current will kick downwards when an 
external circuit is tuned through the oscillator frequency, 
the box acting as a grid dip oscillator. A t u.h.f., however, it 
is not recommended that the oscillator be tuned across the 
band to find the resonant frequency of an unknown circuit 
because there are various points at which dips occur, due to 
minor irregularities in the box and coupling loops which 
make identification difficult. 

When the oscillator is used as a source of signal it may be 
anode modulated with tone by a small a.f. oscilJator, or 
frequency modulated by 50 c/s if the bottom end of the grid 
leak is connected to the live 6·3 volt heater supply. 

Crystal Oscillator Multipli er Chains 

The provision of the final oscillator freq uency by multi
plication from a lower frequency crystal has been referred to 
already in connection with 2 and 4m receivers. The informa
tion generally applies to 70 and 23cm equipment apart from 
the fact tha t more mult iplying stages are required. Because 
the injection frequency required is much higher it is however 
des irable to use a higher frequency crystal in order to keep 
the number of stages down to a reasonable figure. Whilst 
lower frequency crystals arc cheaper the increased cost of the 
extra stages must be considered. An additional advantage of 
the higher frequency crystals is that less difficulty is likely to 
arise due to self-generated whistles in the receiver and there 
is less likelihood of interference to o ther users by spurious 
radiation. For example, a 70 Mc/s overtone crystal is quite 
satisfactory for both the 70 and 23cm bands and the fre
quency is clear of Bands I, II and rn television and sound 
broadcasting. Wherever possible, the crystals chosen should 
have a low temperature drift. Alternatively, they can be 
mounted in a simple oven to give a reasonable control of 
temperature. 

Overtone crystal oscillators tend to give rather lower out
put than those designed for use with fundamental crystals 
and this may involve an additional amplifying stage at the 
crystal frequency. The multiplier stages may use a small 
pentoclc for the lower frequencies such as the pentode 
section of a 6U8 or a 6AK5 and double triodes such as the 
6J6 used in push-pull as treblcrs at the h igher frequencies. 
Small double tctrodcs such as the QQV02/6 arc very useful as 
frequency treblers up to 600 Mc/s. 

l n a 23crn mul tiplier chain the last doubler from 600-1200 

RI 
CIRCUIT TUNED 
TO HARMONIC 

(600Mc/s) 

IF 
OUTPUT 

Fir . SAO. C ircuit of a crystal frequency multip li er from 200 to 600 
Mcf1. The resistor·capacitor combinatiC'n in series w ith the c.ryst:al 
is to provide automatic bias to the corr·e.ct operating point for 

multiplication. 
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Mc/s presents a problem, :ind one solution is to use a triode 
of the planar or disc-seal type in a suitable cavity. Valves 
that may be employed arc the types DET29, 2C40, 446A, 
6BY4 or 7077. It is possible, however, to employ a semi
conductor diode as a frequency multiplier, the circuit in 
Fig. 5.40 using a JN64 crystal multiplying from 200-600 
Mc/s . This arrangement will furnish a crystal current of 
400 p.A in a normal crystal mixer. Similar methods can be 
employed at lower frequencies or at higher frequencies for 
doubling to 1200 Mc/s although for the latter the crystal 
would need to be mounted in a cavity similar to that for a 
crystal mixer. A suitable crystnl fo r multiplier service has a 
low forward resistance and is capable of passing a high 
current of the order of 50 mA. The high current is necessary 
because the harmonic component is only a small percentage 
of the total current; a low current would result in a very low 
output. Crystal multipliers must be followed by selective 
tuned circuits or a high Q break because the output of lower 
frequencies is considerable and will deteriorate the mixer 
noise factor. 

R.F. AMPLIFIERS 

Because mixers of any type arc inherently more noisy than 
amplifiers it is desirable that the mixer in a low noise u.h.f. 
receiver be preceded by at least one r.f. amplifier stage. Such 
a s tage, because it usually involves additional tuned circui ts, 
improves the second cha1mcl ratio and further reduces the 
noise. For this reason alone it is often worthwhile. 

R.F. amplification on the u.h.f. bands can be achieved by 
using (a) grounded grid triodes, (b) travelling wave tubes, 
(c) parametric amplifiers, (d) tunnel diodes, and (e) masers. 
Travelling wave tubes are very expensive and do not effect 
much impro,·ement on triode valves at frequencies below 
1300 Mc/s. 

Parametric Amplifie r s 

Parametric amplifiers arc a comparatively recent develop
ment in the .field of low noise amplification. As the name 
suggests, they operate by virtue of a varying circuit para
meter, in this case, rcactancc, which is made to store and 
release signal energy without adding noise. Two basic types 
have been developed to date: (a) the beam parametric 
amplifier, or Adler tube, which resembles a travelling wave 
tube, and (b) the semi-conductor parametric amplifier which 
uses the property of a semi-conductor that its j unction 
capacity is proportional to the applied voltage. Both 
require an external low power" pump" oscillator operating 
at an integral multiple of the signal frequency, which provides 
the energy from which the amplified signal is derived. The 
Adler tube has superior properties and performance to the 
semi-conductor type, but has the disadvantage tbat it must 
be specially made for the frequency band over which it is to 
amplify, which makes the tube and its associated pump 
source a somewhat expensive proposition for the amateur. 
Gains of 20db with noise factors of l- 3db arc obtainable at 
frequencies-in -the 200-800 Mc/s region. 

Tunnel Diodes 
The high frequency performance of the tunnel diode has 

been steadily improved due to better mwufacturing tech-
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RF AMPLIFIER 
IFT 

~--...---10_ . ..._1 Mc/s 

Fig. SA I. R.F. amplifier o>nd m ixer 
lor 430 Mc/s. C l, 4·5 pf trimmer 
(Wi ngrove a nd Rogers typo 
C.3201): Cl. 4, 1000 pF (T.C.C. typo 
CTH310); Cl, 3-8 pF Philips tnm• 
mer; CS, 7. 0·01 µF (T.C.c. typo 
543): C6, 35 pF (t.c.c. type 
SNBIOI); CHI, 2, 24 s.w.r. enam. 
dose wound j in. i.d. I in. long; 
LI . hairpin loop I in. long n in. 
wide 18 s.w.1:.; Ll, silver plated 
brass stri p 3 in. long t in. wid e 
s paced t in. from chassi$ i R) 

APPROX 3" LONG x 114' WIDE 
18 swg SILVER PLATED STRIP 

220 ohms. 

INPUT 
CSI 

LI C2 
IOOOpF 

nique and i11 suitable circuitry is capable of low noise ampli· 
lication up to several hu11drcd megacycles. T he tunnel diode 
is a negative resistance device analogous to a Q multiplier 
and a typical method of use is to connect tbe diode across a 
part of the tuned input circuit o f a receiver, so raising the 
effective Q or the input circuit and increasing the gain from 
the aerial input to the input of the following r.f. stage. Since 
the tunnel diode operates at a current of the order of I mA, 
and its major noise contribu tion is due to shot noise, low 
noise amplification resul ts. In practice it is desirable to 
incorporate some form of d.c. stabilization of the operating 
point, as negative resistance devices are prone to instability 
unless this precaution is taken. A germanium tunnel diode 
used in this way is capable of gains of the order of 25db 
with 3db noise factor at 100 Mc/s. 

Masers 

The maser (microwave amplification by stimulated emis
sion of radiation) is capable of very low noise amplification 
in the microwave region and noise factors of O·ldb are 
tbeorctically possible when the crystal and associated circuits 
are cooled to the temperature o f liquid helium. The mode or 
operation is briefly as follows. Certain crystalline materials 
such as ruby or rutile when doped with traces of chromium 
exhibit the property of amplifying microwave energy within 
certain well defined frequency bands because of resonances 
occurring within the structure of the molecules of the 
material. The maser may take two forms: (a) lhe crystal is 
mounted in a cavity and operates as a relatively narrow band 
two terminal device, or (b) the crystal material may be 
distributed along a slow wave structure similar to that used 
in a travelling wave tube when a unilateral four terminal 
device results with a much greater bandwidth. Current 
development is directed at improving the travelling wave 
maser. 

Valve U .H.F. Amplifiers 

As r.f. amplifiers for u.h.f lend to be more experimental 
than the remainder of a receiver it is convenient to construct 
these stages as separate pre-amplifiers connected between the 
aerial feeder and the mL"<er stage. In this way, various types 

7-R Cll ' • 

R2 
8•2K 

OUTPUT 

C7 
0 .01 

HT+250V 

can be cried and modifications easily made without involving 
a complete reconstruction of the receiver or converter. 

A 70cm r.f. amplifier and triode mixer using 6AM4 valves 
is shown in Fig. 5.41. The amplifier and mixer arc operated 
in the grounded grid configuration with a strip line as the 
coupling element between the valves. This line is series 
tuned at the mixer end with a form of pi network which 
matches the impedance of the line down to the cathode 
impedance of the mixer. The aerial feeder is connected 
directly to the r.f. stage cathode via an isolating capaci tor but 
a tuned input circuit may be included if trouble is experienced 
from interference from local stations or i.f. breakthrough. 

The local oscillator injection may be coupled to the strip 
line by a loop near the line or coupled directly to the line by 
a small capacitor (about ] or 2 pF) connected near either end. 
The tuning capacitor of the first i.f. transformer must be 
wired from the mixer anode pin directly to chassis in order to 
bypass the signal and oscillator frequencies, and should not 
be across the coil in the i. f. transformer can. The cathode 
bypass capacitance comprises two capacitors, one for signal 
frequencies and one for i.f. The h.t. is connected to the line 
via a decoupling resistor at a voliage anti-node about half· 
way along the line, somewhat nearer to the r.f. valve than the 
centre. This point is found by temporarily connecting the h.t. 
to tJ1e centre and by touching the line with a pencil and 
retuning if necessary until a point is reached where the pencil 
has no effect. The h.t. should then be permanent ly con
nected to this point. This arrangement has a bandwidth nt 
the 3db points of about 6 Mc/s and used with a normal 
10·7 Mc/s i.f. has a noise factor of 7-Sdb. 

Fig. S.42 is the circuit of a two stage pre-amplifier for 70cm 
using two CV354 (DET23 or TD03-5) disc seal valves. H 
uses a trough line tuned in the same way as the 6AM4 r.f. 
amplifier. It requires a separate beater transformer with a 
winding for each valve as the types suggested bavc a common 
heater and cathode connection. The bandwidth is about 
6 Mc/s, the gain 20db and the noise factor, used in front of a 
receiver of noise factor Sdb, is between 3 and 4db. 

The type 12AT7 and 6BQ7A valves may be used in r.f. 
stages for 70cm and can be conveniently arranged as push
pull grounded grid ampli!iers using two parallel lines series 
tuned at the end remote from the valve, with b.t. fed on to the 
lines at anti-nodal points. They require neutralizing, how-
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Fir. S.42. Two <taee 430 Mc/s pre
>.mplilicr usine CV354 valves coup
led with strip lines in a trough. Cl, 
47 pF (T.c.c. type SCTI); Cl, 3, -4, 5, 
8, 11, 3300 pf (T.C.C. type CTH31S/ 
LT); C6, 9, 3-8 pf Philips t.rimmer; 
C7, 10, 20 pf silvered mica (T .C.C. 
type SMBIOI or SCTll); LI , 2, -4, 5, 
r.(. chokes t in. diam. I in. lon1 
wound with 24 s.w.c. enam.; LJ, 6, 
l i in. by j· in. silver plated 18 1.w.£. 
brass strip; VI, 2, DET23 (CV354). 
CS I and CSl are Belling & Lee co-ax 

1ockcts type L34S. 

- CZ 
• llOOpF 

Cl 
llOOpF 

Cll HT- ZSOV 
llOOpF'----~:::_-~-.;.._ ____ ...:_.__ _ __ H_T+_zs_o-<'lv 

6·lV 

6-lV 

ever, which caa be readily done with two short lengths of 
wire (about l in.) cross-connected from the cathodes and 
l)•ing near to the opposite anode lines. Tbe 6BQ7A is the 
slightly better valve. Noise factors of about lOdb a.re 
obtainable from such a stage. 

TABLE 5.9 

R.F. AMPLIFIER VALVES 

>o~ >km Typo Construe- Mounting Slope 
No. ti on Gain N .F. Gain N.F. mA/V 

db db db db ----
12AT7 Normal Glass B9A 10 10 - - 5.5 

miniature base 
6BQ7A Normal Glass B9A 12 9 - - 6.4 

miniature base 
6AM4 Frame grid Glass B9A 11 e - - 9.B 

ba.>e 
PC86 Fnmc grid Glass B9A I S 7 - - 14.0 

base 
A.2521/ Pt.nor Glass B9A 18 7 - - 15.0 
A.2.599 ba.e 
DET29 Di.Jc se~I Coaxial - - 13. 11 • 14.0 
EC56 Oise seal Coaxial - - - - 16.0 
6299 01.sc seal Coaxial 17.5 1.5 16 8.5 12.0 
6290/ 
116A Oise seal Coaxial 20 1.0 - - 50.0 
6BY1 Stacked Coaxial 11 6.0 11 a.st 6.0 

Ca ramie 
7077 s .. cked Coaxial IS 1.5 IS B.O 9.0 

Ceramic 
6CW1 Nuvistor Twelvar 5 p. 20 6 - - 12.S 

.. , 2300 Mc/s t >< 900 Mc/s 
Noto: gain ;rn d noi.sc figures are 3pproximato depending on drcuit ~nd 

bandwidth. 
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There are at present few valves suitable for r.f. siages at 
23cm and all are of the coaxial disc seal type. Examples arc 
the DET29, EC56, 6299, 6280, 6BY4 and 7077. Abridged 
data, unfortunately incomplete on these valves and others for 
70cm and 23cm, is shown in Table 5.9. 

Input Matching 

In order to achieve maximum efficiency, It 1s necessary 
that the aerial feeders be matched to the receiver iopu1. This 
is even more important on 23cm because the mismatch is 
likely to be more severe. An improvement of the order of 
3db or more can be obtained by usiDg a matching device. 
One such device is a two stub tuner, which consists of two 
adjustable short-circuited stubs of maximum length! wave
lcllgth spaced i wavelength apart, which can be connected 
by plugs aod sockets between Lhe feeder and receiver input. 
The device should be adjuslcd on a signal for the best signal
to-noise performance. 

TYPICAL U. H.F. CO N VERTERS 

SIM PLE 420 MC/S CONVERTER 

T he circuit of a simple but effective 70cm converter de
signed by G2DD is shown in Fig. 5.43 (a). It can be built 
on a standard Eddystone die-casl box type 650 measuring 
4t in. x 3~ in. X 2 in. 

A crystal frequency of about 7740·6 kc/s will produce an 
i.f. in the 17 Mc/ s range but if a higher i.f. is desired a crystal 
of 7555·5 kc/s would produce an i.f. of 27 Mc/s. The first 



The two stage 430 M </s pre· 
amplifier of Fig. 5.42. The 
chassis should be made from 
18 s.w .g. copper or bra,ss 

Ji Ive r plated. 

triode of VI together with LL is the oseillalor circuit and 
operates on the third overtone of the crystal driving the 
second triode of V 1 which operates as a triplcr giving an 
output of 69 Mc/s. The second double triode, Y2, doubles 
to 139 Mc/ s in its first half, and triples to 418 Meis in the 
second. The 41 8 Mc/s output is developed across the strip 
line circuit, L4, CS. Another strip line, LS, tuned by C9, 
comprises the tuned circuit for the mixer crystal, the feeder 
being tapped on to the strip, the d.c. crystal current being 
monitored by the meter. 

The strip lines L4 and LS, are formed from one piece of 

V.H.F./ U.H.F. RECEIVERS 

bra~s as shown in Fig. 5.43 (b). The output from the crystal 
oscillator cha.in is injected into the mixer crystal circui t by 
mutual coupling between IA and LS. With no feeder con
nected, a crystal current of about 300 µA can be obtained but 
this value will fall about 2S per cent when the feeder is 
connected. The optimum value for the mixer crystal specified 
is between 60 and 120 µ.A with LS, C9 resonated at the signal 
frequency. The coils LI , L2, L3, L6 and L7 are wound on 
Aladdin moulded formers and tuned by dust cores, which 
should be of the high frequency type (coded yellow). Holes 
for access for adjustment are drilled in the outside of the box. 

30· 50V RI 120 • 150V R5 
,.....;.._~-+~~--">Nl.'-~~..-~~~t--~t--~~~~~~~-'111/'>/"~~~~~~~~....-~~~~~~~ .. HT+ 

22K 22K 2W 200· 250V 

BEND UP 
AT 90' 

(a ) 

~8 
l 4 c 

,,4 .. 
,. . -T 
lf .. 2 HOLES l 5 1'fs'" i_ , / TAPPED 68 A l 

...,_~--....,.-~-F --~-
lfl!_S;_~tSfa'~ ' 1. 37/a·-_· -------i 

(b) 

~ CONNECTION POINTS 

ANODE 6J6 

c TRIHHER CS 
D TRIHHER C9 

E CRYSTAL OlOOE CLIP 
f FEEDER SOCKET 

HAT. 18 swg. BRASS SHEET. 

Fie. S.4l(b). Dimensions of the strip lin e L4 and LS whi<h is made from " s inale pie<e of 
16 1.w.a. bra.':1 an d spa.cod * in. from the chassis , fixed a.t right angfes to each other in a corne r 

. of the cha.ssi s. 

RIZ 
200 
ll 

Cll 
IOOOpf 

Rl3 
681( 

Fig. SAJ(a). Cl, 4, 5, 6, 10, II, 12, fl. 
midget n1ic~: C2, 3, 7. ceramicons: CS, 9. 
3·8 pf Philips t rimmers; CR I, silicon 
d iode type C V IOl or C VI Ol ; LI , ll turns, 
12 s.w.a. cn:im., cl ose wound, ta pped at 
fou r t u rns: Ll, si x turns, 20 s.w.g. e na m ., 
clos e w ound ; LJ, two turns, 20 s.w .g . 
enam., dose wound ; L4, S see Fia. 5.43( b) ; 
L6, 22 turns, 32 1.w .g. d.s.c., close wound, 
centre t3pped; L7, 37 t\Jrns 32 s.w.i. d.s.c. 
close wound i L8, four turns, Jl s.w.r.d.s.c., 
wound at earthy end of L7 (all coils e x:c·ept 
L4, 5, aro close wound on j in. diam. 
Aladdi n formers. and should have high 
freq.,.ency co res) ; MI, 0-SOOµA j XI, 
7740·6 kc/s or 23•2 M </ s overtone crysta l. 
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A view or the underside of tha. 
simple 430 Mc/s crystal controll ed 
converter showing the layout and 

the strip line. 

L __ _ .'d ---·- ·- --·-·--·------_3Sj 

The i.f. output from the mixer crystal is stepped up in L6 and 
amplified by the pcntode V3 and low impedance output to tbc 
main rccei\'er obtained from LS. 

T he underside of ihe converter from which lhc layout can 
be seen is shown in the photograph. 

If a tunable converter is preferred so that a fixed i.f. can be 
used or an i.f. selected which is free from breakthrough, the 
converter can be modified so that the first section of V2 is 
used as an oscillator on 104 Mc/s or on 139 Mc/s, the second 
section acting as a frequency quadrupler or trebler respec
tively. The osci llator can be ba ndspread to cover the portion 
of the 70cm band required. A suitable oscillator coil would 
comprise 3 turns ! in. i.d. centre-lapped and tuned by a 
bandsel capacitor of 30 pF (Philips trimmer) and bandspread 
with a 5 pF variable. The second section should be loosely 
coupled to the oscillator by a wire close to the anode lead. 

H IGH GAIN 430 MC/S CONVERTER 

This converter employs two A.2521 (6CR4) grounded-grid 
amplifiers in cascade, an A.2521 quintupler in the frequency 
multiplier chain and conventional coils in all the tuned 
circuits. The circuit diagram is shown in Fig. 5.44. 

In order 10 obtain the best noise factor an input tuned 
circuit is provided in the cathode of V l and the feeder 
connected to a tap via C32. Aeria l matching and tuning arc 
quite critical, the correct tuning position for optimum noise 
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factor being slightly below tbe signal frequency. Provided 
that the aerial is properly matched to its feeder and a u.b.f. 
sockei (in preference to a television type) is used on the 
converter for the aeria l connection, the optimum posi tion 
for the tap will 110 1 be far from the centre point. 

The coupling between tbe first and second r.f. stages 
consists of a tuned transformer comprising two identical 
coils of I} turns of 18 s.w.g. enamelled copper wire with a 
i in. in ternal diameter, the turns and the coils being spaced 
by one wire diameter. The coupling between V2 and the 
crystal mixer (CR I) is identical except that the secondary is 
untuned. 

All the r.f. chokes in the healer a nd cathode leads arc 
air-cored, consisting of 23cm of 24 s.w.g. wire, formed by 
close winding on a t in. diameter rod. Those in the anode 
circui ts, however, are slightly damped by fully overwinding a 
;!- wali 100 K ohm resislOr with 24 s.w.g. wi re. 

Local Oscill ator Chain 

The local oscillator chain uses a double triode valve 
B.719/ ECC85 or 6AQ8 (V5), the first triode operating as a 
Squier oscillator and the second as a quadrupler. An 
A.252 1/6CR4 (V6) acts as quiotupler multiplier lo the final 
frequency. High orders of multiplication have been used to 
reduce the number o f crystal harmonics which can produce 
spurious responses. The anode circuit of V6 uses coils 
wound to the same specification as the signal frequency 
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transformers, but the two coils arc spaced by about 0·6 in. 
to assist in the rejection of unwanted harmonics. 

A suitable crys tal would be onc with a frl'qucncy of 20·375 
Mc/s, giving a n i.f. varying between 24 ;ind 30 Mc/s for a 
signal frequency range of 431·5 to 437· 5 Mc/s. 

Mixer and l.F. Amplifier 

The outputs of the r. f. amplifier and the local oscillator 
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2• 

i,~~k1 
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Fig. S.45. La yout of the principal components in the 430 Hc/s 

converter . 
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Fig . S.4'1. Circuit diagram of tho high· nain 430 Meis 
co nve rtor. Cl-13, 1000 pf focdt hrouch capacitors 
C14-ll , O.S·6 pf cerarnic trimmers; SKI, Greenpar type 
UG~47/U coaxial socl<ct with typo UC88C/ U plug; 

SK2, television typo coaxia l soclcct. 

are fed lo the GEX66 mixer (CRl) and the i.f. o utpul is 
taken to a tap on the input coil of the cascodc amplifier (V3). 
The position of this tap has a bearing on the noise perform
ance of the cascode stage, but ln view of lite generous :1mount 
of r.f. ga in the noise contributed by V3 should be n~gli giblc. 
A cathode fo llower is used to conven the output to low 
impedance before transfer to the tunable main receiver. 
With some receivers it may be desirable 10 reduce the gain 
of the cascode stage to avoid cross-modulation. 

Construction 

The converter is constructed on a chassis of 20 s.w.g. 
silver-plated brass measuring 6 in. x 5 in. x I ·5 in. deep. 
It is divided into compartments by soldering cross screens to 
the main chassis. See Fig. 5.45. T he screens across the 
A.2521 valvehoklcrs need to be parlicularly close fitt ing and 

TABLE 5.10 
Inductor de tails for the high g:iin 430 Mc/• conver ter 

li-6 
L7, 8 
l9 
LI0-13 
Li4 

LIS 

ll6 
ll7 

2,3cm 24 .s.w.g.,.; in. diam., ~ir cored. 
24 .s.w.g., dose wound o n JOO K ohm J- w:iitc resistor. 
f turn 18 s.w.g., ! in. d io.m. , air cored. 
If turns 18 s.w.g .• f in. diam .• air cored. 
44 s.w.c. d.s.c., close wound on 100 K ohm j- watt 
resistor. 
25 cu rns 16 s.w.g., i in. d iam .. upp.cd 7 t urns from 
e.rthy en d. 
23 turns 24 s.w.g:., fin. diam., ferrite slug c:uncd. 
2S turns 10 s.w.g., t in. diam., topped St turns from 
crysul end. 

LIS 6-j. turns 18 s.w.g. , tin . diam .. top ped ot H rnrns. 
Ll9 3 1•H choke (Painton type 10015 1). 
L20, 11 24cm 24 s.w.g., t in . diam., oir cored. 
Lll 26 s.w.1 .• d ose w o und on 100 Kohm f watt r csiHor . 
l23 I ~ turns 18 s.w.g,. t in. d iam .. ai r cored . 
L24 Ii turns 18 s.w.g., ~ in. diO'm., tap p~d at~ turn, air cored. 
Enamelled copper wire throughout, except where o therwise st:i.ted. 
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all the grid lags of the valveholder should be soldered to the 
screen and not to the main chassis. lt is prudent to put a 
scrap B9A valve into the holder while this is being done, so 
that ihe contacts are not pulled out of alignment. P.T.F.E. 
valveholders were used throughout in 1he prototype. 

A power supply compartment runs down the centre of the 
chassis and contains the h.l. fi lter resistors and feccl-through 
capacitors which transfer the supplies 10 the various com
partments. The mixer crystal lies across the end of the 
power supply compartment. 

The converter requires an h.t. supply of200 volts at 60 mA 
and a heater supply of 6·3 volts at J ·8 amp. Individual valve 
currents are: 

Stage 

Oscillator 
Quintupler 
R.F. amplifiers 
f.F. ampli fier 

Mixer 

Performance 

V5 
V6 
VI, V2 
V3 
V4 
CRI 

Anode 
C11rre11t 

9·5 mA (to tali 
8 mA 

15 ml\ each 
5 mA 
5·5 mA 
0·5 mA 

Measured under laboratory conditions, the followmg 
performance figures were obtained: 
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Centre frequency 
R.F. gain before mixer 
Noise factor 
R.F. bandwidth 
Image rejection 
Intermediate frequency 

433 Mc/s 
25db 
7db 
4 Mc/s 
50db 
26·25 Mc/s 

An undcr·c ha.ssis view of the con
ve rter. The componenu may be 
identified by reference to the layo ut 

diagram Fig. S.4S. 

A TRANSISTORIZED CO NVERTER FOR 431 MC/S 

This convener, the circuit of which is given in Fig. 5.46, 
employs u.h.f. transistors whose prices compare favourably 
\\ ith valves of similar performance. No apology is made for 
the use of '" lumped " tuned circuits which arc generally 
considered 10 be poor practice at frequencies in excess of 
400 Mc/s. They were found to be far easier to tame and to 
construct than the accepted tllncd lines and no difficulty was 
experienced in achieving the theoretical gain and noise 
figure for the transistors concerned. 

With the GM0290 r.f. s tage the noise factor is of the 
o rder of Sdb and a gain of some 14db is obtainable with a 
bandwidth of at least 2 Mc/s. If slightly inferior performance 
can be accepted the somewhat cheaper GM0378 may be 
substitu ted for the GM0290 r.f. amplifier. 

U.H.F. transistors arc particularly sensitive to stray r.f. 
and every care must be taken 10 guard against power from 
the transmitter leaking across the relay employed for change
over switching between receive and transmit. The r.f. stage 
transistor can easily be ruined if such precautions a re not 
taken. 

Circuit 

l o Fig. 5.46, the upper section of the diagram comprises 
the r.f., mixer and i.f. amplifier stages and the lower section 
the crystal controlled oscillator-multiplier chain, the output 
of which is fed to the mixer, T IU. 

TRI is operated as a grounded base amplifier without 
input tuning. The output is tuned to 432 Mc/s by Ll/C3, 
the collector being tapped down LI in the interests of 
stability. Capacity coupling is employed between TR 1 and 
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Fig. 5.46. The r.f .• m ixer and i.f. stages of the transistorised 432 Mc/1 converter 
(upper diagram) and ove rtone oscillator and multiplier ch.iin (lower d ia1ram). 
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TR2 as link coupling with the necessarily d iminutive coils 
proved impracticable. L2 may appear to contradict this state
ment but its actual function is that o f an r.r. choke placed in 
the field of LI lo increase the coupling co-efficient without 
introducing a high impedance at the intermedia te frequencies 
between base and emitter of the mixer: the inclusion of such 
an impedance is a common cause of low mixer sensitivity. 

Oscillator injection at 408 Mc/s is applied lo the emitter 
of TR2. The capaci tor C7 together with the inductance of 
the coupling loop Ll4 and the I in. connecting lead form a 
series resonant circuit al 408 Mc/s making for efficient 
transfer of energy between oscillator chain and mixer. 

L3 and the output capacitance of TR2 form a resonant 
circuit at the intermediate frequency o f 24 Mc/s. Precise 
adjustment of the frequency of this circuit is effected by the 
core of L3. In order to damp L3 in the interests of band
width and stability, the coupl ing coil IA is made larger than 

usual, a method found to be more effective than loading L3 
with a resistor. 

The inclusion of an i.f. amplifier on the converter chassis 
has certain advantages. lt allows L3 and LS to be tuned for 
a more level response over the bandwidth of prime interest, 
and by increasing the level of the i.f. output helps to reduce 
breakthrough on poorly screened receivers used as the 
tunable i.f. 

T ABL E S. 11 
COMPONEN T DETAILS 

CJ, C21, 4 pf Winzrovo ;ind Rogers :lirsp:iccd trimmers. 
C7. 10 pf Wingrove and Rogers airspaccd trimmer. 
C6. CS, C10, C11 , Cll, Mull.rd mini1ture p>pcr upocltors, JOV 

workinc. 
CS1, CSl, Belling Lu L7H/S flush mounting co-oxiol sockets. 
Other capacitors arc miniature ceramic, except (or C 13 whlch is 3 

Radiosp.res 0'001 µF Stand-off type, and C91000 pf Rodiospores 
food-throu&h ca pocitors. 

Eddyston e 650 die-cast box. 
All rcsiscors aro Radiospares miniature ! w:\tt. 
GM0290 (1 off) and GM0378 (1 off) transistors arc monufacturcd 

by: Texas lnsc:rumcnts Ltd .. Manton L:.nc. Bedrord, 
Xe.al, Min13turo 3rd overtone type HC-6/ Ur 'f in. sp:icing, w ith 

holder. (Hanry• Radio Ltd .• Edgw•r• Road , LondonW.2.) 
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fig. 5.47. Tho dri lling details for unit 2, viewed from the copper side. 

The i.f. amplilier, TR3, requires no particular description. 
Recourse is made 10 resisior damping across LS 10 assis1 in 
achieving lhc required bandwidth. 

In the oscilla1or-multiplicr chain, TR4 operates in an 
overionc circuit using a miniature HC-6/ U crystal at 34 Me/s. 
This circuit is perfectly satisfactory for overtone crystals of 
th is type but difficulty may be experienced if Ff243 crystals 
arc substituted. 

L7 and the output capacitance of TR4 tune to 34 Mc/s. 
This circui t is link coupled to TR5 by LS, the output ofTRS 
being tuned to 68 Mc/s, bias being obtained by base/emitter 
rectification of the drive from LS. Supplementary bias is 
derived from Rl 5 which has been chosen for maximum 
ou1pul from TRS. To some extent the value of RJS is a 
compromise between efficiency, output, and the danger of 
thermal runaway. Increasing its value increases the efficiency 
of the stage but at lhe expense of peak output: reducing it 
below 1he value given, while enhancing 1hc output, holds 1he 
danger of thermal runaway under condiiions of high ambient 
tcmperaiure. 

TABLE S.12 
COI L DETAILS 

L1 2 turns, f In. di~m. f in. long1 18 s.w.1. tinned copper wire, 
with leads • in. long. The colleccor of TR1 is conn•ctod co 
m>in body or coil at CJ end. CS is connected co m•in body of 
col l .c C 4 end. Sell supporcing. 

L2. 1 turu, f in. di;im., 22 s.w.g. tinned topper wire, spaced t in. 
from and conncccod .. to pha.se" with L1. Self supporting. 

L3 -,\- in. dlom., 1· in. long, 36 s.w.g. en•m•I close wound. Duse 
Iron slug tunod. 

L4 4 turns. 7/42 p.v.c, insul•t•d (R•diospares) wound over L3. 
LS .fr In, diam., i- in. long, 36 s.w.g. enamel, clo.se wound. Dust 

lron·Jlug tuned. 
L6 2 turn> 7/42 p.v.c. in5Ulate<f (Radiospares) wound over LS. 
L7 -r\ in. diam .• ~ in. long, 26 s.w.g. enamel. close wound. Oust 

ir·on slug tuned : 
LS 3 turns 7/42 p .v.c. insulated (Radiospares) wound over L7. 
L9 Ir in. diam., i in. long, 26 s.w.g. enamel, close wound. Tuned 

with S> lford 200 Mc/s dust core. coded blue. 
L10 1t turns. 7/42 p.v.c. insul>tcd. wound over L9. 
L11 8 turns, /,, in. diim,, 22 s.w.g, tinned coppor, spaced by wire 

di3mctcr. Oust iron slug tuned, as L9. 
L1l 1 turn, 7/ '12 p.v.c... insulated wire, wound over L11 . 
L13 '2 turns, fin. diam., i in. long, ll s.w.g. tinned copper, with 

f In. le•ds at C21 end (TR7 collector is upped inco chc main 
body or coil), and tin. long ac C22 end. Sell supporting. 

L14 1 curn. i In. d i>m .• 22 s.w.g. tinned copper, wich i in. •nd 
i in. leads intcrwound with L13 (~ i n. spicing from coil L13). 
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The output of TR5 is coupled lO TR6 by LIO, TR6 acting 
as a doubler from 68 to 136 Mc/s. T his circui t is identical 
with that of the previous stage, the ou1pu1 coil, LI I, being 
resonated by the output capaci tance of the lransistor. 
Finally, TR7 operates as a frequency 1riplt.r from 136 Mc/s 
10 408 Mc/s. L13 and C21 are tuned 10 lhc latter frequency, 
1he collector being tapped down Ll3 in order to achieve the 
optimum Q. The output link, L14, which has been men
tioned previously when dealing wi1 h the mixer, is positioned 
in the centre of LI 3. 

Construction 

The converter is in two units, the r.J'. section and the 
osci llator-multiplier circuits, and both arc housed in an 
Eddystone die-cast box type 650 which provides complete 
screening. 

The working diagrams, Figs. 5.47 10 5.49 show in detail the 
component parts, construction and assembly of the con
verter. Fig. 5.47 shows the drilling of 1he copper laminate 
board used for the oscillator-multiplier chain, Fig. 5.48 gives 
nOl only 1he drilling details of 1he copper laminate board for 
the r.f. section but also details of the screens. Fig. 5.49 
shows how the assemblies are fitted inio lhe die-cast box. 

One detai l which is not illus trated bul docs require 
mention is the mounting of the sub-assemblies on the lid of 
the box. Each sub-assembly is mounted on four brass 
pillars so that it stands away from the lid. The pillars 
supporting the r.f. board are i in. long and those for the 
oscillator-multiplier board are 1 t in. long. Doth sets of 
pillars are drilled and tapped 6 B.A. at each encl. 

Adjustment 

Transistors are easily destroyed by the application of 
incorrect voltages, so before applying power to 1he converter 
a most careful visual check should be made to ensure that all 
connections are correct. Above all, make sure that the 
battery polarity is correct. 

The oscillator-multiplier chain should be adjusted first. 
While monitoring 34 Mc/ s, either on a receiver or by means 
of a scnsilivc wavemeter, adjust the core of L7 10 lhe point 
where !here is no appreciable change in frequency even 
though the core is adjusted slightly above and below this 
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setting. By switching the power on and off, check that the 
oscillator remains on frequency. lf it does not, then the 
oscillation is not controlled by the crystal, and further 
adjustment to the core of L 7 is needed. 

Should the crystal fail to oscillate at all, either try another 
OCl 70, adjust the bias to this stage, or ease off the coupling 
winding L8 until lhe circuit is operating in a satisfactory 
manner. 

Once the crysta l osci llator is functioning, connect a volt-

SCREEN '8" 

Fig. 5.48. The d im ensions for un it 1, with tho assoc:i i\ted screens. 

meter across RIS and adjust the coupling of LS to L7 for 
maximum drive to TRS consistent with reliable ooeration of 
the crystal oscillator. Not less than 0·2 volts ·should be 
obtained. 

As a final check on the crystal osci lla tor, and with the 
meter across Rl5, remove the crystal. No voltage should 
now be present across RlS. If by chance there is, then the 
crystal oscillator stage is self-oscillating. 

Connect the voltmeter across R1 6 and adjust the ~lug in 
L9 for maximum reading. Check that L9 is tuned to 68 Mc/s 
by means of a wavcmeter. 

Connect the voltmeter across RI 8, adjust the slug of Ll I 
for maximum indica tion on the meter and check that the 
frequency at L I I is 136 Mc/s. 

As the tuning range of the combination C21/Ll3 in the 
collector ci rcuit of TR7 is limited, a wavemeter is not 
absolutely necessary lo check the frequency of this circuit. 
T o adjust L13, temporarily disconnect C7, and from point A 
on the output link of L14 connect a crystal diode and 
sensitive microammetcr in series to earth, bypassing the 
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meter with a small capacitor. Adjust C2J for maximum 
indication on the mieroammeter. 

Alternatively, a voltmeter may be connected across R6, 
and with C7 set to half capacity, C21 should be adjusted for a 
rise in the standing reading. This rise will be quite smalJ , 
but just perceptible on the 10 volt range of an Avo Model 7 
(l,000 ohms per volt). Finally, C7 is adjusted to the position 
which causes a further rise in the standing voltage. 

As a final check that all is well with the oscillator-multi
plier chain, remove the crystal. All drive to the mixer TR2 
should cease. 

The converter may now be connected to the main receiver 
via a length of coaxial cable. Tune the receiver between 
24 Mc/s and 26 Mc/s and adjust the cores of L3 and LS to 
give an even uoisc response over this frequency ra:;gc. 
Attention lo the values of R7 and R9 and/or the direction of 
the windings of LS and L6 should overcome any regeneration 
causing peaks in the noise response. When making these 
adjustments i t may be necessary to remove the crystal and 
also RI. Such steps arc however only needed if it is suspected 
that part of the noise being beard comes from the front-end 
of the converter, and not from the i.f. amplifier alone. 
After restoring any connections removed, adjust CJ for 
maximum noise. 

For the next adjustments eitbcr a local signal on the 430 
Mc/s band is required, or a signal from a g.d.o. or a s ignal 
generator. If either of the last two sources is being utilized 
and it is necessary to employ a harmonic, be quite sure tl1at 
the correct harmonic has been identified and that in addition 
reception is not occurring on tbe image frequency which is 
384 Mc/s (408 Mc/s less than the i.f.). 
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Adjust C3, C7 and C2J , in that order, for maximum 
output. Final adjustments are made on weak signals in the 
usual manner. 

This converter has been found to have a weak signal 
performance rather better than a valve type using an A.252 1 
valve. There are, however, certain shortcomings wbich are 
small in the Light of the overall performance. Tbesc are a 
tendency to cross-modulation from very powerful nearby 
s ta tions, and also, under conditions of very high locnl field 
s trength, stations in the 90 Mc/s f.m. band can beat with the 
68 Mc/s multiplier stage lo produce the i.f. of 24 Mc/s. Both 
o f these faults could be cleared, the first by arranging a gain 
control on the r.f. amplifier, and the second by the use of a 
suitable trap in the input circuit. However, since the con
ditions which cause these effects are rarities, their inclusion 
was not felt to be warranted. 

GM0290 and GM0378 transistors may be mounted in 
TO- IS-2 encapsulations, designated GM0290A and 
GM0378A respectively. The eo1mections arc in line and 
with the pip on the case downwards, the left-hand lead is the 
base, followed by the collector, emitter and case in sequence. 

The dotted connections and components in Fig. 5.46 
associated with the input and output of the converter arc, in 
the case of the input, for feeding power up the coaxial feeder 
to a masthead pre-ampliiler, should this be required. 
Similarly the addition of the dotted connection to the output 
link would enable the whole converter (sui tably weather
proofed) to be fitted at the top of the mast and supplied with 
power from the ground via the coaxial cable joining con
verter and main receiver. 
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The completed 430 Mc/s co nverter using 1.N J819 field e ffect transistor. 

FET Converter for 430 Mc/s 
The converter shown in Fig. 5.50 follows the general form 

of the 70 and 144 Mc/s units described earlier and like 
them is inexpensive and easily put together. It nevertheless 
gives a very high perfom1ance and measurements show 
the overall noise factor to be in the region of 5db, the spread 
being from about 4 to 5·5db. Double frequency changing is 
employed within the converter to reduce second-channel 
effects to an absolute minimum. 

The main reasons for using FET's, rather than ord1nary 
bipolar transistors, in the r.f. and mixer stages of this con
verter are rather different from those which suggested their 
use in the 70 and 144 Mc/s converters. T he 2N38 19, as a 
common gate r.f. amplifier at 430 Mc/s, provides a. satis
factory, stable, insertion grun of from 12 to 14db, together 
with an excellent noise performance. Tn the case of the 
mixer, the most useful feature of the FET is the high input 
impedance, in the region of l K ohm, attainable in common 
source at u.h.f., together with the good noise performance. 
The former characteristic eases the design of the local 
oscillator chain which, in this case, requires only three stages 
in all, using cheap silicon planar devices to provide adequate 
local oscillator injection. The excellent strong signal 
properties of the FET assist in preventing overload from 
nearby transmitters although this ability is not such a 
necessity on 70cm due to the lower density of activ ity as 
compared with the v.h.f. bands. A modification to the 
standard design is therefore included in Fig. 5.50(b) in which 

a bipolar transistor may be substilute<I ror lhc FET in 
the second mixer. In this way, the total cost of the converter 
is reduced. However, the strong-signal performance is 
degraded to the extent that the front-end will only accept 
signals up to a few miUivolts without exhibiting serious 
non-linearity whereas, using the F ET, several 100 mV 
signals arc acceptable. There is no other significant change 
in performance produced by this modification, apart from a 
small increase in the insertion gain. The second mixer stage 
is not protected by any selectivity to interfering in-band 
signals and yet has 20db or so of gain ahead of it. The 
modified dc.~ign will handle most signals from distances of 
more than a mile or so, even with mutual beam alignment. 
H owever, ii" the fuU strong-signal performance is required, 
the all-FET design is recommended. 

Circuit 
An un-neutral izcd common-gate r.f. stage, using a 2N3819 

(Texas Instruments) is inductively coupled into a common
source first mixer, also a 2N3819. It is followed by a 
f11rther mixer employing a 2N3819, also in common-source 
o r, in the alternative design, a common-emitter 2N3826 
silicon planar, with local-oscillator injection at the crystal 
frequency itself. 

Double tuned c ircuits, with mutual inductance coupling, 
arc employed between the r.f. stage drain and first mixer gate. 
The aerial input is fed into the source of the common-gate 
r.f. s1age via a circuit which is a double pi·COupler, wi th two 
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shunt inductors and a series capacitor. This has the advant
age that it tends to simulate a lligh-pass rather than a low
pass filter, at frequencies far outside the matching band, and 
this helps to reduce possible i.f. interference. The only slight 
disadvantage relative to the normal pi-coupler is that mutual 
coupling between the two coils must be kept fa irly low. 

Double tuned circuits, at the fi rst i.f. in the 36 Mc/s 
region, are used to feed the second mixer stage. The second 
i.f. extends from 2·0 to 4·0 Mc/s, for 432·0 lo 434·0 Mc/s 
coverage, in the present design, using a crystal on or near to 
33·077 Mc/s. T he output i.f. may, of course, be put any
where in the range up to about 15 Me/s by appropriate 
choice of the crystal and by making modifications to the 
first (T2) and second (T3) i.f. transformers. If the second i.f. 
is increased much above 2 Mc/s an increase in oscillator 
injection wi ll be necessary. The changes to be made to T2 are 
relatively minor and are easily estimated. Sample designs for 
TJ, suitable for several different i.f.'s, may be found in the 
i.l. transformer table (Table 5.6). T he formula for calculating 
the crystal frequency is: 

432·0 - (lowest freq11e11cy of t1111able i.f) 
Crystal freq11e11cy= --- --- ---i3 -· - --
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Fie. S.50. (a) Convorter for 70cm usine t hree FETs; (b) an alternative 
s.econd mixer cmployinc a c heaper bipolar tran1i1tor. 

For example, another suitable i.f. would be 3·0 10 5·0 Mc/s, 
requiring a 33·0 Mc/s crystal. The design for T2 would be 
essentially unaltered and that for T3 would be as follows: 

Prim(lry: 58 turns of 34 s.w.g. enamelled. 
Secondary: 5 turns of 28 s.w.g. enamelled (for 75 ohms 

output). 
13 I urns of 28 s.w.g. enamelled (for 600 ohms 
output) in the pot-core, as before. 

The locnl oscillator chain consists of three stages, 

TABLE 5.13 

Coil Dot•ils for the 430 Mc/s FET Converter 

l1, 2 turns, 20.s.w.g. tinned copper, wound on i in. m2ndrcl, with 
n in. lone leads. 

l2, As L 1, but with k in, leads. 
ll, As Lt, but with one* in . le:id and one 1 in. lcJ.d. 
T1, Primary: ;u Lt, but with one i in. lead :ind ono 1 in. lead; 

Scconclnry: :is l1, but w ith one -h in. lead :tnd one 2 in. lcoad. 
Prim:ary ;md scconduy co·axial, earthy ends nc:&r together with 
'PP rox. t in. spaci ng. 
(Note: Tile underside photofraph shows clearly the sh opes and 
relative positiom of tlte coils LI, l2, lJ and T 1.) 

TI, Primary: 13 turos. 18 s .w.1. enamelled c/w on 0·3 in. Aladdin 
lormcr; Secondary: 13 tums, 18 s.w.g. enamelled c/w (1Nl819 
s~cond mixer); "4 turns 18 s.w .g. cnam. c/w (2N3826 sec;:ond 
mixer). 
Both coils wound initially upon tin. drill and "'llowed to spring 
off. Earthy ends nur together on former, sep-arattd by i in. 
Scconduy near to chu.sis end of former. 

Tl, Primary: 82 turns 36 s.w.c. en2m., "'41 turn.s wound in two 
adj>cent sections ol pot-core former (2·0 to ~ -0 Mc/s I.I.): Secon· 
dory: 6 turns 28 s.w.g. (lor 75 ohm i.I. output imped1nco) or 
·16 turns 28 s.w. c. (for' 600 ohm i.f. output impcd;mcc), in remai"l
ing section. 

H. Primary: S turns 22 s.w.g. uam. cfw on 0 ·3 in. Aladdin lormcr; 
Secondary: S turns ll s.w.g. c/w on 0 ·3 in. Al•ddin former. Coils 
mounted with c:irthy '°nds near together, space ~' in. Primary 
near' co ch3.Ssis end of form er . Boch coil s wound in itl,lly on i in . 
drill ond ollowod to spring off. 

TS, Main: 11 turns 28 s.w.g. enam., close wound on 0·3 in. Aladdin 
former; Emitter: 1 turn 18 s.w.i. en;im., overwound at 11 cold " 
end or M:\in winding; Output: 2 turn.s 28 s.w.t. cnam., ovcrwound 
3t. cent.re of miin windin1: . 
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employing 2N3826s, the first as an overtone crystal oscillator 
in the 33 Mc/s region. The second triples to 99 Mc/s, with 
double tuned interstage coui:-l ing circuits; the final stage 
quadrulplcs to about 396 Mc/s and is coupled into the fi rst 
mixer by the mutual inductance between L3 and the sccoi:
dary of T l. 

Construction 

Like the two v.h.f. converters, the 430 Mc/s unit uses a 
piece of Lektrokit board mounted inside a small, 20 s.w.g. 
aluminium U-channel chassis. The chassis for all ihrec 
converters arc identical but, for the 430 Mc/s unit , a shorter 
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Fie. S.Sl. Dimensions of th~ chassis and sere.en fo r the input stage. 
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piece of Lektrokit board is used than for the other two. It is 
spaced about ,\ in. away from the chassis, with one end 
fixed as in the v.h.f. designs the other being secured by 
soldering a wiring pin to an earthed tag bolted to the chassis. 
Wiring pins in the board serve to support most components 
but those operating ai signal or first oscillator frequency are 
mounted either upon ceramic pillars or on small tubular 
trimmers. A small screen between the input and output 
circuits of the r. f. stage ensures good stabi lity. The single 
rixing hole in the screen tab should be marked and drilled 
only after the two holes have teen drilled in rhc main 
Oangc, so allowing the screen to be fitted. 

Apart from rhese details, the construction of the 70cm unit 
is similar to that for the 2m and 4m converters. The aerial 
input and i.f. output terminations may be either internal or 
external, using Delling-Lee coaxial sockets. 

The coils associated with L3 and Tl arc tuned with 
tubular trimmers. The type specified was chosen for its 
mechanical suitabilily but it has an unmodified capacitance 
range or from 2 to 20 pF. This minimum capacity is too 
high and should be reduced by removing about ·r.r in. of 
silvering completely from the normally clamped end of the 
trimmer using a file and a piece of medium grade emery 
cloth. 

The coils for L3 and Tl arc mounted directly upon their 
respective trimmers but their earthy ends arc returned to the 
stage common-earthing point (Fig. 5.53). The gate lead of 
TR I is shown, for clarity, connected directly to the 
appropriate stand-off. A shorter gate-earth lead results 
however if C3 is grounded by a very short wire and the gate 
of TR I is connected as close as possible to C3 itself. The 
mixer, TIU, source lead should also be kept short. The 
bypassing of TR4 is improved if Cl5 and C l 6 arc taken to 

TABLE 5.14 

ComponcntS List for the 430 Mc/s FET Converter 

Cl. 13. 18. 6 ·8 pf cer.imicon. 
Cl. -47 pf ccnmicon. 
Cl. 7. 15. 16. 330 pF disc ceramic. 
C4. 5, 14'. l c.o 20 pf tububr cenmic; trimmers. 
C6. ~·7 pf cenmicon. 
CB. 10 pf conmicon. 
C9, 10 pf ccnmicon (fET mixer), 100 pf ceramicon (bipolar mixer). 
C10, ll pf cer.imicon (fET mixer). 2200 pf di5t ccromic (bipolar 

mixer) . 
C11. 1 ·0 pF ccram icon. 
C12, 0·1 1>f 30V disc ceramic. 
C17, J ·J pF cc,.•micon. 
C19, 20. 22. 2200 pf d isc ceramic. 
C21, 15 pF ccramicon. 
R1, 220 ohms. 
11.2. J. 22 K ohms. 
It~. 15. 2·2 K ohms. 
RS, 100 K ohms (FET mixer), 1·2 K ohms (bipolor mixer). 
R6. no< required (FET m ixer). 22 K ohms (bipol>r mixer). 
R7, 1 Kohm (FET mixer). 330 ohms (bipolar mixor). 
RB. 1 Kohm 
R9. 330 ohms. 
Rl0.11. 13.170 ohms. 
R12. 12 K ohms. 
RH. 15 K ohms. 
n, 4, S, O·l in. diim. nylon Aladdin former. ~ith ir·on dust core 
TJ, Denco Ncosid pot-core. 
TR1. 2. 2N3819 FET (Texu Instruments L<d.) or Tl588. 
TRJ. 2N3819 fET or 2N3826 bipolar (sec text). 
TR1. 5, 6. 2N3826 bipolar silicon plomr transistor (Tcx>S lnstru-

mcnu Ltd .). 
XI. HC·6/U cryHal (and holder) or HC·18/U crystal, as required . 
6 Oxley Type S01 (68.A.) ceramic stand·off pilloro. 
Lcktrokit S.R.8.P. board and wiring pins, 3.S rcquil"Cd 
Be lling-Leo c·o:ud::al sockets, if required. 
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Fig. 5.5), Compone.nt layout for the stand~rd converte r (2; and 
alternative mixer (b). 

their respective pins on the underside of the wiring board, 
before the latter is fitted. The negarive supply wire to the 
TRl-TR2 stand-off may also be connected underneath the 
board in this way. 

lf an HC-6/ U crystal is to be used, the crystal holder 
should have its lugs bent outwards and then soldered to the 
wiring pins provided. However, a miniature HC-18/ U 
crystal should be fitted by passing the wires through a con
venient pair of holes and then bringing the wires up through 
the boa rd again for soldering to the pins . Very loose 
capacitative coupling is required between the crystal oscil
lator collector and the second mixer gate. T his is accom
plished by ut il izing the capacitance between two adjacent 
pins on the Lektrokit board in series with the I pF ceramicon 
C l J. When the 2N3826 mixer is employed, C l J alone pro
vides the ccmecl oscillator injection level at the mixer base. 

TABLE 5.15 

Measured Opcr:..tins Conditions for 430 Mc/s Convertf!r 

Emitter Or" s~.s eor l Source G ace 

TR1 R.F. Ampllfocr O·S co 1·5 -

""~"~ TRl First Mixer 0·7 co 2·0 -
TR3 Second Mixer {0·7 co 2·0 -

0·8 1'1 (2N38'261 
TR~ Second Mule. 1·2co1·8 -
TRS Firs< Mult. 1·5 co 2·5 -
TR6 Cryst.tl 0><. 0·9coM 1-5 

I 
All voltages aro rncasurcd with respect to the - 12 volt supply llnc. 
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(a) 

Aligning t he Converter 
The local oscillator chain should be 

aligned first. An r.f. detector and a set of 
absorption wavemeters arc very helpful 
during this procedure. However, it is 
almost impossible to find the wrong 
harmonics using the coils and capacitors 
suggested. When the oscillator chain is 
properly adjusted, tune the secondary of 
T2 until the drain current o f TR3 increases 
slightly, as evidenced by a rise in d.c. voltage 
across R 7. Then detune T2 secondary on 
the h.f. side until a small noise peak is 
heard. Next the slug in the primary of T2 
may be adjusted lo produce a further noise 
peak, due to the fi rst mixer stage. A check 
with an absorption wavemeter will be 
worthwhile al this stage lo ensure that T2 
is tuned within lhe 3S to 37 Mc/s range. It 
wLll be noticed that the shot-noise output 
of the FET mixer stage is very low compared 

with that produced by bipolar mixers, unti l the local oscil
lator is coupled in and the input circuit tuned to resonance. 

The next step is lo disconnect the drain lead of TRt and 
unscrew C4 fully. CS and the secondary of Tl should then 
be resonated at the oscillator frequency by adjusting CS 
either until the d.c. voltage measured across R4 kicks up
wards slightly or by coupling an r.f. indicator loosely into L3 
and tuning CS for a dip in indicat ion. Detuning CS slightly 
on the h.f. side should give rise to a small noise peak. Re
connect the TRI drain lead and, with the aerial plugged into 
the input socket, increase the selling of C4 until a further 
noise peak is heard, or until local signals arc peaked up. 
The primary of Tl will be found to be more sharply tuned 
than the secondary. In fact, the over-all bandwidth of Tl 
may be controlled by adjusting the tightness of coupling 
between the two coils. The coil spacing should be changed 
as necessary, retuning C4 and CS, un til the response of Tl 
is fairly flat over a band of from 4 to 6 Mc/s wide, centred at 
about 433 Mc/s. Insufficient coupling can even result in 
self-oscillation of the r.f. stage, when using some 2N3819~. 
It will not be found necessary to alter the component values 
in the input pi-coupler, but if a noise generator is avai lable, 
CJ may be temporari ly replaced by a 2 to 8 pF Mullard 
trimmer and L1 and L2 adjusteu by bending them to 
optimize the input coupling circuits for the 2N3819 in use. 
Increasing t he value of C l will probably be found to reduce 
the loaded Q of the T l primary, to a certain extent. 

A MAST- H EA D PRE·AMP LI FIER FOR 430 MC/ S 

This unit was originally designed for inclusion in an 
amateur television system but should prove of interest to all 
operators concerned with the 70cm band. 

There is an inevitable loss of signal strength and degrada
tion of signal-to-noise ratio by even the best quality feeder, 
and this cannot be recovered by anything which may be 
done at the receiver. With the availability of tra!lsistors 
capable of both gain and noise figures superior to valves, a 
mast-head amplifier becomes a practical proposition. 

Two feeders are employ'!d, one for transmission and the 
other, permanently connected to the output of the .Pre
amplifier, for reception. T he Jailer feeder may be relatively 
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Fig. S.54. Circuit of tho m ast·heod prc·amplifie.r. 

inexpensive cellular po lythene television down-lead without 
sacrificing signa l strength or the rat io of signa l-to-noise. 

Fig. 5.54 shows the ci rcuit diagram while Fig. S.55 details 
the construction of the major portion of the pre-amplifier 
which comprises a AF! 39 transistor in a trough line. At. the 
ultra high frequencies layout becomes all important and 
constructors are urged to follow the illustration as faithfully 
as possible; if this is done no particular difficulties should be 
encountered. Only one item requires special 1rention and 
that is the collector line tuning capacitor (C4) which is a 
sub-miniature ceramic barrel trimmer. 

Fig. 5.56 illustra tes how the pre-amplifier, change-over 
relay and associated cabling together with the balance of the 
components are disposed within a polythene box obtainable 
from Woolworth's or other multiple stores. This box serves 

OUTPUT 
SOCKET 

l/s•ou. 1 
C4 

INPUT 
SOCKET 

CERAMIC 
STAND-OFF 
INSULATOR 

&OTT OM 
OF TROUGH 

Fir. S.SS. Constru ctiona.1 de tails of t he pre-2mplifier chas$is. 
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not only to house the components but also to protect them 
from the weather. 

It is essential that a coaxial relay should be employed for 
the S\'<itching function. The cost of such an item is normally 
high, but in the unit described use was made of a surplus 
relay type 78A which was taken apart and rebuili to givejusl 
the contact sequence required and has been found quite 
satisfactory. The relay is de-energized on transmit and in this 
position the transmitter is connected di rectly to the aerial 
system via its own feeder. T he reason fo r energizing the 
relay in tbe receive position is to ensure that, in the event of a 
fault developing in the ampli fier or in the power supply 
wiring, tbe station wil1 oot be put olT the air. Under such 
conditions the transmitter coaxial cable becomes the sole 

TO AERIAL I>. 

E-INDi<;;ATES EARTH POINTS TO TRAN SM IT TER 

Fie. 536. Suitable positio ns for the transistor amplifier and relay 
within th• polythene. box which is fitted to the rear of t he aerial 
reReccor . T he len~h cf the coaxia l In d between t h e re lay :lnd the 

input of the amplifier is critical- see te xt. 

connection to tbe aerial, and with suitable send-receive 
S\vitching at the station end o f the feeder, normal operation 
may be continued. On reception 11 J 5 volt positive supply is 
fed up to the pre-amplifier via the " receive" coaxial cable 
to operate the change-over relay. This supply, regulated by 
a zener diode and decoupled by a suitable capacitor, is also 
used to power the pre-amplifier. T he main requirement of 
this feed system is that the r.f. chokes at each end of the line 
shall be highly efficient at the operating frequency. Poor 
chokes might well cause appreciable loss of signal. 

R.F. leakage across the relay while transmi tting could 
cause damage to the transistor, but by careful adjustment of 
the length of the coaxial cable between the relay and the 
input socket the current ne wing in the emitter-base junction 
of the transistor from this cause may be reduced to safe 
proportions. In the original unit this was fou nd to be less 
than one microamp, when the length of cable was 4 inches. It 
is strongly advised that such a measurement be carried out 
starting with low input to the transmitter to ensure that no 
damage will be caused when using higher power. 
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Fig. S.57. C ir cui t diagram of the crystal-controlled 1300 Mc/s converter. Details of the inducto rs "re given in Tabla 5.16. 

A NARROW BANO CONVERTER FOR 1300 MC/ S 

This converter employs the A.252l /6CR4 grounded grid 
triode both as a signal frequency amplifier and in the frequency 
multiplier chain for the local oscillator. A feature of the 
design is the simple !rough-line circuits in place of the more 
expensive and d ifficu lt to construct coaxial types normallv 
used at this frequency. /\ crystal mixer is employed and is 
followed by :i series cascode stage as the first i.f. This is 
intended to be followed by a standard communications 
receiver providing a tunable i.f. over the bandwidth of the 
converter. 

The complete circuit is shown in Fig. 5.57, the measured 
specification of the unit being as follows: 
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Centre signal frequency 
R.F. gain before mixer 
R.F. bandwidth 
Overall noise factor 
Local oscillator injection fre

quency 
Image rejection 
Output frequency 

1296 Mc/s 
> 13db 
5 Mc/s 
J 1·5db 

1320 Mc/s 
> 45db 
24 Mc/s 

C ircuit 
The r.f. s1age comprises a grounded grid A.2521 troughline 

amplifier wi th tuned input and output lines. The input 
signal is fed into the converter by means of a type BNC 
socket and the aerial impedance is matched by varying the 
position of the inpul tap a long the cathode line, a nd by 
tuning the line. 

The eaihode line is a three-quarter wavelenglh line short
circuitcd at its extreme end by a capacitor of approximately 
50 pF, and tuned by a 0·5 to 3·0 pF MuUard trimmer 
mounted halfway along the line. The anode line is a three
quarter wavelength line short-circuited and tuned by a 0·5 to 
3·0 pF Mullard trimmer, again mowlted halfway a long the 
line. This is isolated from the h.t. by a 47 pF capacitor. The 
output is tapped at the mechanical short-circuit (tbe electrical 
r.f. short-circuit being somewhere in the chassis) , and fed 
direct in to the crystal mixer. 

Crystal Oscil lator Multiplier Chain 
The crystal oscillator is one half o f a ECC85/6AQ8 valve 

connected in a Squier circuit and controlled by a 55 Me/s 
crystal. The second half of th is valve is tuned to the th ird 
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A vic:w uoder tho chassis o f the 1300 Mc/s narro w ba nd crystal-contro lled conv~rtcr. 

harmonic of the cryslal frequency, ihus g1v111g I 65 Mcjs 
output which is fed into a grounded grid A.252 1 quadrupler 
operating in class C, the output circuit being a half wave
length line tuned at its extreme end by a 0·5 to 3·0 pf 
Mullard trimmer. The output from this stage at 660 Mc/sis 
tapped off about halfway along the line (this should be 
adjusted for maximum crysta l current) and fed into a 
grounded grid A.252 1 doubler also operating in class C. The 
anode line of this stage is a three quarter wavelength line 
short-circuited to the chassis at its extreme end and tuned by 
a 0·5 to 3·0 pF Mullard trimmer, h.t. isolation being provided 
by a 47 pF capacitor at the anode pin. The Mullard trimmers 
are type C004EA/3E. Ahernatively, Erie type 3115A may be 
used. 

HOLES 'A' 
DRILL ANO 
TAP 6BA 

INN ER CONNECTOR FROM 8 NC SOCKET 
HOUNTED IN POLYSTYRENE " ASHER 

Fis. S.S8. C onstruction of a suitable holder fo r the c r·yst'al mixer. 
T his is o f a sl ig htly different pattern fro m that show n in the 

photograph of the protct yp c. 

The output is tapped off at the mechanical short-circuit 
and fed inlo a fabricaicd variable capacitor which couples the 
output inlo the crystal mixer. 

Mixer a nd l.F. Stages 

The mixer is a SIM2 low-noise diode mounted in a silver
platcd brass holder, r.f. decoupling being provided by a 50 pF 
capacitor formed at the base of the crystal holder. The diode 
current is 0·3 mA. The output at 24 Mc/s is fed into a 
tapped input coil, on which the tap should be adjusted for 
best noise perfonnancc; this generally occurs about halfway 
along the coil. The construction of a holder for the mixer 
crystal is shown in Fig. 5.58. 

C l6 

C20 

Cll 

C29, Cll 
Cll, CH, 
C39, C-40 
LI, Ll. L3, 
L-4, LS 
L6 
L7 

LS 

L9 

LIO 

LI I, Lil, 
Lil 
Ll -4, LIS, 
Ll6, Ll7 
LIS 

Ll9, Lll 

l20 

TABLE 5.16 

""50 pF fabric>tcd with I ·5cm square brass plo<c 
separated from ch:assis by 0·003 in. mica sheet. 
< I pf fabric3tcd by varying spacing between crystal 
conn~ctor :and oscill:aror output tag. 
""50 pF fabric•tcd with i in. X t in. brus crystal 
holder seporatcd from cl»ssis by 0·003 in. mica sheet 
(Sec Fig. 5.58). 
0 ·5 to 5 pf vane typo trimmer. 
1000 pf stand-off capacitors. 

Scm of 24 s.w.g. cnomclled Co?p•r wire wound into 
*in. d i;im. ;iir~c:orod coll. 
:iO µ H chol<o, Pain ton type 200154. 
30 turns 30 s.w.g, on:imollcd copper wire, wound on 
l in. diam . former, t:t.ppod at centre and tu ned with 
forti tc slug. 
17 tur-ns 36 .s.w.s. onamollcd copper wire, wound on 
~ in. diam. former :and tuned with ferrite slug. 
9 turns 18 s.w.g. tinned copper wire, wound into i in. 
diam. open spotccd, air·corcd coil, capped 7 turns from 
a;nodc end. 
J turns 18 s.w.g, tinned copper wire, wound into! in. 
di;im . open sp;iccd, ;iir·Corcd coil, capped 2 turns from 
anode e nd. 
30 s.w.g. cnotmellcd copper wire close wound onto 
100 K ohm•+ wa<t resistor. 
16cm or 24 s.w.g. enimcllcd copper wire wound into * in . diam. air·corcd coil. 
7·Scm of i in. di:im. silvcr·pbtcd brast rod mounted 
f in. abovo cha.ssis, tuned ;it ext reme end, upped 
J·Scm from open circuit. 
6cm of i in. di"'m. silvcr.pl:atcd brus rod mount.cd tin. 
~bovc cha.s.sis, tuned at lcm from short·circuit, 
upped :at short-circuit. 
Scm of j in. diam. silvcr· pl.ltcd brass rod mounted I in. 
otbovc ch:usis, tuned l·Scm from short-circuit, upped 
2.cm from short-circuit. 

5.49 



RSGB-RADIO COMMUNICATION HA1'.1DBOOK 

r~-------------~t3·~-------------~ 
2~ Mc/ s IF '·-r 

the main chassis. One wall of 
the chassis is made removable 
to facilitate the making of the 
h.t. connections. The transverse 
screens across the valveholders 
must be mane very close fitting 
and the grid pins solidly earthed 
to the screen in all cases. A 
wiring jig or a scrap B9A valve 
should be plugged into the 
holder wlule this is being clone 
to avoid the contacts being 
pulled out of alignment. 

t'A• 
I 

~~==~=e===:'~91-~ 
tY4" 

1~~==~=~~=~~1-i 
SUPPLY COMPARTMENT . • J.w 

23/e"-- - t 3A:__,. 25/e" 1W'.. .. --25/e' __ ,. - 23/e·- J 
RE MOVEABLE SIDE COVER FOR SUPPLY COMPARTMENT 

Fie. 5.59. Layout of the princi pal compone nts in the 1300 Mc/s narrow band conve rte r . T he 
c h:u sis is tt in. dcop and fabricated from 20 s.w.g. silve r-plated brass s heet :ind divided into com,. 

partments w ith the shields soldered in pos ition. 

The valveholders are all made 
of p.t.f.e. aod the connections 
from the u.h.f. stages into the 
mixer are made by means of 

The mixer is followed by a B.719 connected in series 
cascade tuned to 24 Mc/s and followed by a Z77 ~thode 
follower buffer singe. 

Construction 

The chassis is a shallow box 13 in. long by 3t in. wide and 
I J in. deep, constructed of 20 s.w.g. silver-plated brass 
sheet. It is divided into compartments as shown in Fig. 5.59 
and the walls of the compartments are solidly soldered to 

p.l.f.e. feed-through connectors. While the output 
socket may be a normal television coaxial type, the input 
socket should be a special u.h.f. type. BNC connectors were 
used in the original, the socket being type UG447/ U and the 
plug type UG88c/U. These are obtainable from Grecnpar 
Engineering Ltd., Cambridge Road, Harlow, Essex. Details 
of the componems are given in Table 5.16. 

All power supply filter resistors and feedthrough capacitors 
are mounted in the power supply compartment. The con
verter requires an h.t. supply of 300 volts at 67 mA. 

Undcr·chassis view o f the oxperimcntal 13 cm. conve rter shown in Fii. 5.60. 
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AN EXPERIMENTAL 13CM (2300 MC/S) 
CONVERTER 

In the experimental I Jcm crystal-controlled converter 
shown in Fig. 5.60, signals at 2300 Mc/s arc mixed with the 
output of a crystal oscillator chain at 2280 Mc/s, the i.f. 
produced being amplified by a wideband head amplifier 
covering 20- 30 Mc/s. The upper half of Fig. 5.60 shows the 
i.f. head amplifier and the trough-line assembly which com
prises the aerial and mixer circuits and the final stages of the 
multiplier chain. The lower half shows the crystal oscillator 

OUTPUT 75!, 

20-30rM-cf_s_..,.......,R;vvl1..---..~...-----.---o ~J;v 

R4 
IOOK 

6·8K 
2'11 

HT+ 
ISOV 
STAB 

V.H.F.fU.H.F. RECEIVERS 

and the multiplier chain to 253 Mc/s. Component details are 
given in Table 5.17. 

Signals at 2300 Mc/s applied via the aerial connector an d 
the input loop LI arc tuned by L2, C12 and coupled to the 
mixer diode CR! by L3. The 2280 Mc/s output of the 
muJtiplier diode CR2 is also coupled to CR! via L3. Inter
mediate frequency signals produced by CR! arc fed to the i.f. 
head amplifier V l. This is a cascode stage, the operating 
conditions of which are stabilized by R3 and R6. Wideband 
transformers T2 and Tl , which cover 20-30 Mc/s. rcspec-

VI V2 V3 V4 VS 

C34 

0.01 

I NPUT 2300Mc/ s 

..--c_:,._• ---o ~1\, 
I IOOO STAB 
-: pF 

2~t o------
1 
.... -:-"VVV----=-'1/\N'--9 

__. , C32 
.L • IOOOpF 

c~o 

IO~pF Rl4 

I IK 

RIB 

C24 
IOOOpF 

Fie. S.60. C'rcuit diagram of the Ucm. converter. 
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Fia. S.61. C.onstru,tion~1 details of septum :ind diode mount. 

lively match the mixer diode CRl to YI, and provide a 
75 ohm output to the main receiver. 

The oscillator and earlier stages of the multiplier chain a rc 
shown in the lower part of Fig. 5.60. V3(a) is used as a 
Squier oscillator, XI being a 31·6667 Mc/s third overtone 
crystal. Stages V3(b), Y4 and V5 successively double to 
253 Mc/sand the output is fed via LIO and LJ l to the trough
linc assembly. This assembly incorporates two further 
stages of multiplication, firstly a grounded-grid triode V2 
tripling to 760 Mc/s, and secondly a diode multiplier CR2, 
the 2280 Mc/s output of which is tuned by L4, Cl3. The 
positive end of CR2 is decoupled through CJ4 and earthed 

TABLE 5.17 
Component Details 

C2, Cl, C4, CS, C6, 0 ·01 µF disc ceramics. 
CS, C9, C31, C39 
C7 
CIO 

value up to 10 pF to pad C IO to 51 pf. 
capacitor forme.d be.tween diode moun t :ind 
trough wall. Dielectric polychcno ~pproxi-
mately O·OtO in. thick solccted to give 
capacity 4~51 pF. 

Cl I, Cl~, CtS, Cl7. 1000 pf feedthrough. 
C l8, C20, Cll, Cll, 
Cl~. Cl6, CJO, C3l, 
ClS 
Cll, Cl3 capacitor formed between 0 B.A. brass boltS 

and L2, L4. 
Cl6, C27, C29, C31, 1000 pF disc ceramics. 
C36, C37, C38 
Cl9, C28, C33 

CR I 

CR2 
RIO, RI) 
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cer3mic tubular trimmers 0·5-5 pf Erie 
3116A. 
SIMS or CV2155 (SIM2 and CV2154 sin.ilir but 
reversed polarity). 
GEX66. 
metering resistors 10-100 ohms m:i.tched 
± 2 por cent. 

TABLE 5.18 
Inductor details for the 2300 Mc/s Converter. 

Tuned to 

LI 

l1 2305 Mc/s 

Ll 
L4 22SO Mc/s 
LS 760 Mc/s 

L6 

L7 31·7 Mc/s 

LS 63 Mc/s 

L9 ll6 Mc/s 

LIO 253 Mc/s 
Lii 

RFCI, RFCl 

Tl 20-30 Mc/s 

Tl 2~30 Mc/s 

W ind inc 

t in. 18 s.w.g. ti11ncd copper wire sp:iced 
k in . from L2. 
2·-40 in, f in. d i:un. br:us rod, ends 
tapped 6 B.A. Mounted f i1>. clear or 
chusis. 
see fig. 5.70. 
as L2. 
2·2 in . t in. diam. br:iss rod, moun ted 
i in. de::ir from ch:Ls.sis, upped approxi· 
rr.acely i in . from :inode a.,d. 
formed from wire God or CRl. See 
Fig. 5.7 1. 
25 turns 30 s.w.g. an:im. copper wira 
close wound on 0 ·17 in. d lOlm. former. 
8 turns JO s.w.g. cnotim. copper wiro dose 
wound on 0 ·17 in. dio:1m. former. 
10 turns 22 s.w.t,. tinned copper wire 
wound on -h in. mandrel ;,.ir·sp;iced Lo 

..;. in .• centre·tappcd. 
6 turns ditto fr in. lone. ccn lrc·Upped. 
1 curri 22 s.w.c. p.v.c. covered wire 
wound over thC!: centre of L 10. 
10 in. 24 s.w.g. cn:un . copper wiro on 
i in. diam. milndrcl, :air.spiced. 
primary: 7! turns 34 s.w.g. en::Lm. copper 
wire close wound on O·l In. diJm. 
former, I ·O µ H. 
secondary; IS turns 3'4 s.w.g. pile wound 
co occupy It in. lon1th1 wound 3djic:ent 
to prim•ry, l ·S µH. 
primary: 18 tuf"ns .. 0 s.w.1. cnam. copper 
wire c:Jose wound on O·l in. diam. former 
3·9 1LH. 
secondary: '4t turns ditto immcdiucly 
adjacent to primuy 0-13 JA,H. 

with a link which may be removed for metering during 
aligning. Dtlth V3(a) and V3(b) arc fed from the 150 volt 
stabilized supply obtained from V6. 

The general layout of the converter is shown in the photo
graph. T he troughs, I in. wide internally and I in. deep, are 
fabricated from 20 s.w.g. brass sheet. Details of the septum 
and diode mount are given in Fig. 5.61. The trough 
components arc temporarily jigged together using chromium
plated instrument screws (which do not solder) screwed into 
the tapped ends of L2 and L4, and arc located by a 
scrap valveholdcr in position Y2. The assembly may 
then be soldered dirccrly to the 18 s.w.g. brass chassis using 
a small gas name. 0 B.A. brass nuts soldered to the top of the 
chassis act as threaded bearings for C 12 and C 13 while 6 D.A. 
solder tags a re soldered directly to the chassis to provide 
convenient earthing points, and in particular short earthing 
paths for the cathodes of Y4 and V5 (pins 2 and 7). In 
connecting the valveholder for V2, pins 3, 4 :ind 6 and the 

TAG SOLDERED 
TO U 

LZ 

18 SWC TINNED 
COPPER WIRE 

Fig. S.62. Connector to m ixer' diode CR1 u sinr inn er of BNC socket. 



Top view of tho converter. 

centre screen arc soldered directly Lo the trough wall, and 
pins 1 and 9 lo the solder-tag of the ccnlrc-sercen of the valve 
holder. P .T.F.E. valvcholdcrs arc used for all valves except 
the stabilizer V6. 

-::'he diode mount is held fi rmly against lhe trough wall by 
6 B.A. bolls screwed into the ends of L2 and L4, the bolts 

l 4 

l5 

Fig. S.63. Method or connecting diode multi;>licr CR2. 

being insulated by p.l.f.c. or fibre bushes. Between the 
mount and the trough is fitted a polythene sheet the thickness 
of which, approximately 0·0 10 in., is chosen to produce a 
ca.paeitor having a value of 40- 51 pF. This capacitor, C JO, 

V.H.F./U.H.F. RECEIVERS 

which is both the r.f. bypass at 2300 Mc/sand also the tuning 
capacitor for the primary of T 2, is padded lo 51 pF by C7. 
The connector to the mixer diode C RI is the inner of a BNC 
socket, the p.t.f.e. insulation from which also is used in 
locating the inner within CR2 sec Fig. 5.62. The adjustable 
tap on L5 consists of a connector removed from a paxolin 
octal valvchclder. 

Alignment of the converter should present few problems 
provided that the critical dimensions of 1he trough-circuitry 

TABLE 5.19 

Met~r Between Current I 

CR2 chas:is 40 mA 
CRI chassis 0·6 mA 
TPI TP2 11·3 rnA 
TP3 chassis 11·3 mA 
TP4 cha.s.sis - 0·9 rnA 
TPS chassis - 0·5 rnA 
TP6 chassis - 1·3 mA 

i.e. the lengths of L2, L4 imd L5 arc within :I= ;1
1
:i, in. With 

the valves plugged in, the anode circuits of V3(a), V3(b), V4 
and V5 are tuned to the frequencies given in Table 5.18 
using a g.d.o. H.T. may then be appl ied and the oscillator 
and multiplier circuits peaked by metering test points, 4, 5, 6 
and 3 in that order. The currents measured should be 
similar to those given in Table 5.19. The drive applied to the 
grid of V3 should be about I mA, and is the difference 
between the cathode and anode curren1s measured from the 
voltage drop across the matched resistors R l3 and R IO 
respectively. Cl9, together wi th the tap on L5 and the 
coupling link to CR2 (L6) should then be adjusted to produce 
the maximum current in CR2 (up to a maximum of 40 mA). 
The tuning point of Cl3 is strongly dependent on the 
position of CR2: that shown in Fig. 5.63 was found to be the 
optimum and resulted in the 0 B.A. tuning bolt being un· 
screwed 2! turns from being in contact with L4. The small 
capacitive coupling between L3 and L4 finally is adjusted to 
give a mixer current of 0·5- 1 mA. Final peaking should be 
done afier L2 has oeen tuned to 2305 Mc/s: an approximate 
position for Cl 2 is i tum from being in contact with L2. 

The current tltrough VI should be set lo JO mA by altering 
R6, and Tl and T2 adjusted lo give a uniform output over 
the range 20-30 Mc/s. 
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C HAP T ER 6 

H.F. TRANSMITTERS 
THE purpose of a transmitter is to generate radio freq uency 

power which may be keyed or modulated and thus 
employed to convey intelligence to one or more receiving 
stations. This chapter deals with the design and adjustment 
of that part of the trans111i1tcr which produces the r.f. signal, 
while the methods by which this signal may be keyed or 
modulated are described separately in other chapters. 
Transmitters operating on frequencies below 30 Mc/s only 
are discussed here. Methods o f generating r.f. power at 
frequencies higher than 30 Mc/s are described in Chapter 7-
V.H.F./U. lf.F. Tra11smiffcrs. 

One of the most important requirements of any trans
mitter is that the desired frequency of transmission shall be 
stable within close limits to permi t reception by a selective 
receiver, and to avoid interference with other amateurs 
using the same frequency band. Spurious frequency radia
tions, capable of causing interference with other services, 
including television and broadcasting, must also be avoided. 
These problems are considered in Chapter I8-Interfere11ce. 

The simplest form of transmitter is a single stage self
excitcd oscillator coupled directly to an aerial system. Such 
an elementary arrangement has, however, three serious 
disadvantages: 

(a) The limited power obtainable with adequate fre
quency stability; 

(b) T be possibility of spurious frequency radiation, and 
(c) The difficulty of securing satisfactory modulation or 

keying characteristics. 
In order to overcome these disadvantages, the oscillator 

must not be called upon to supply power to the following 
stage. Since frequency multipliers arc essentially class C 
stages (i.e., they require driving power), and since power 
amplifiers are usually opernted in class C these stages must, 
in the interests of efficiency, be isolated from the oscillator 
by a buffer stage, which is capable of supplying this power 
without loading the oscillator. 

Since the li.f. amateur bands arc harmon ically related, 
the oscillator is generally designed to operate on the lowest 
frequency band. Jn order to achieve output on the higher 
frequencies, it is necessary to employ one or more stages of 
frequency 11111/tiplicarion. An advantage gained from this 
arrangement is that by operating the oscillator at a relatively 
low frequency, it is easier to achieve the necessary frequency 
stability. A single multiplier ~tage may produce twice the 
fundamental frequency-doubler, three times-trip/er, or 
more. Usually, however, the frequency multiplication in 
one stage is limited to three or four, owing to the rapid 
diminution in output power as the order of frequency 
multiplication is increased. It is undesirable to feed the 
aerial d irectly from a multiplier stage since harmonics, other 
than the wanted signal, arc produced and may be radiated 

simultaneously. Where allenuation of unwanted signals is 
of the utmost impor tance, the power amplifier must not be 
driven directly from a frequency multiplier stage. The coup
ling between one stage and the next may be accomplished 
in a variety of ways, some of which permit physical separa
tion between the various units. Ot'11crs have the advantages 
of simplicity, harmonic rejection and so forth. Methods of 
coupling are described later. 

The power supply for the transmitter may be obtained 
from conventional circuits such as thos~ described in 
Chapter 11- Power Supplies. It is common practice to use 
separate power supplies for the low and high power sections 
of the transmitter, first because the voltages used in the two 
parts often differ greatly and, secondly, because interaction 
between the various stages can make the adjustment more 
difficult when a common supply is used. Unwanted modu
lation effects may also be introduced. The basic principles 
of transmitter circuit arrangement arc illustrated by the 
block diagram in Fig. 6.1. 

THE CRYSTAL OSCILLATOR 

The simplest method of achieving the high degree of 
frequency stability is by using a quarrz crystal to control the 
frequency of the oscillator. Such an oscillator when correctly 
designed and adjusted remains the most frequency stable 
device available to the amateur. 

The quartz crystal, cut in the form of a suitably dimen
sioned plate, behaves like a tuned circuit of exceptionally 
high Q-value and may therefore be connected in the oscillator 
circuit as would a normal frcquencyc!etcrmining tuned circuit. 

AERIAL 

AERIAL 

OSCILLATOR 1------< AMPLIFIER 

OSCILLATOR BUFFER FREQUEHCY BUFFER 
lTIPllER(S) AM PLIFIER 

VARIABLE - FREQUENCY 
OR CRYSTAL· CONTROLLED 

PO'llER 
AM PLIFIER 

Fie . 6.1. Block dia.ar ... m.s of typiul tra.nsmitters thowing t hre e possi ble 
combina t ions of oscillators, amplifiers and frequency multiplie rs. 
M01.ny other arraneements arc in eomm on use. d ependine on the 
power output required and t he n umber o f frequency bands: on 

wh ich the transm itter is to operate. 

6.1 



RSGB-RADIO COMMUNICATION HANDBOOK 

The action of the quartz crystal depends on the piczo-electric 
effect explained in Chapter 1-Pri11ciples. 

ln the natural vibration of a quartz plate when used 
in such an oscillator circuit, a small but appreciable amount 
of heat is generated by the intcrnnl frictional effects. The 
temperature rise may cause the o therwise very stable fre
quency to drift from its nominal value. This frequency drift 
can be quite serious, especially wll(;n the fundamental fre
quency is multipled several times in the subsequent stages 
of the transmitter. 

If tJ1e r.f. current through the cry~tal is a !Jowcd to become 
excessive, the vibrations of the quartz plate may become so 
large that fracture occurs. 

In orde r to limit the r. f. current and the consequent 
temperature rise and lo reduce the danger of crystal breakage, 
the power output of an oscillator must be kept at a relatively 
low value. Certain types of crystal have low temperature 
coefficients which reduce the amount of frequency drift likely 
to be encountered, but as these crystals arc often very 
thin there is an increased possibili ty of clnrnage. The 
power output of an oscillator using such a plate is therefore 
rather less than with other types or crystal. As described in 
Chapter 1, there arc severaJ types of crystal cuts, some of 
these, particularly the AT· and BT-culs, being commonly 
used for h.f. transmitter contro l by reason of their low 
temperature coefficients. The X- and Y-cuts have relatively 
high coefficients. Some examples of the temperature 
coefficients for various crystal cuts are given in Table 6.1. 
Although the temperature coefficients of the AT- and BT
cuts arc given in Table 6.1 as zero, this is true only at certair. 
tempera lures; at other temperatures the coefficient may 
have a small positive or negative value. Only the GT-cut has 
a true zero temperature coefficient over a wide range of 
temperature (O-J00°C.) but its use is unfortunately restricted 
to low-frequency applications. For exceptionally high
prccision operation over long p-::riods, the crystal may be 
installed in a thermostatically controlled oven. although in 
amateur transmitters sufficient frequency s tability can 
almost always be obtained by isolating the crystaJ from any 
part of the transmitter which becomes heated in normal 
operat ion, such as valves, resistors and power transformers. 

The equivalent circuit of a crystal contains a resistance 
R in series with one of its branches. This represents the 
mechanical resistance to vibration and is related to the 
energy which must be supplied to the plate to maintain 
it :n a state of vibration; a low value of resistance 
implies a h igh degree of " activity." 1'f this resistance 
becomes too great , it wiJI be difficu lt o r impossible to main
tain oscillation. The crystal is then said to be " s luggish '' 
or inactive. The fault is occasionally found to be due to 
Lhe contamination of the crystal surfaces. These surfaces 

TABLE 6. 1 
Charact.eristics of various cuu o ( quartz crystals. 

I Normal Temperature 
Type of Frequency R;oangc Coefficient 

Cut I (M c/s) (cycles/Mc/s/°C) 

x l I - 5 - 20 
y I -10 +75 

AT 0·5- 8 0 
BC I -20 - 20 
BT I -20 0 
GT 0·1 - 0·5 0 
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fir. 6.2. Two cxa.mplt:s of Simple Pierce. Miller oscillator ci rcuits 
For operation on 3·5 Mc/s, LI should have :tn induc-bnca of :ipproxi· 

mately 23 µ H ; for 7 M c/s, 7·5 µ H . 

must therefore be kept scrupulously clean and dry and 
without any trace of grease. When necessary crystals ca11 
be cleaned with carbon tetrachloride or even with soap and 
water. 

Crystal O scillator C ircuits 

Almost any small receiving triode, tetrode or pentode valve 
may be used in a crystal oscillator. The use of a small valve 
is recommended since the power output must be limited in 
order to reduce the possibility of overheating and crystal 
fracture. 

The simplest possible circuits using a triode or pentacle in 
Pierce-Miller arrangements are shown in Fig. 6.2. In these 
circuits the rcactance of the anode circuit causes feedback 
through the anode-to-grid capacitance with sufficient 
amplitude and i11 tfte correct phase to maintain oscilla tion of 
the crystal. 

As the anode tuning capacitance is reduced from its 
maximum value a point will be reached at which there is a 
sharp drop in the anode current. This denotes that the con
ditions for oscillation are being ful fi lled and that the crystal 
is vibrating. At the lowest part of the " dip " the crystal will 
be vibrating at maximum amplitude. Continuing towards 
minimum capacitance, the feed current begins lo rise again 
more gracluaUy and the power output drops. When the 
oscillator is loaded, for example by the input resistance 
of a following stage, the dip in anode current is less 
marked thnn with the unloaded valve. Fig. 6.3(a) shows 



w 
C> 
0 
:z: .. 

MIN 
"' HOT 

LOAOEO 
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(a) (b) 

Fig. 6.3. Variation or feed current with tuninr adjustment in a 
crystal oscillator. When the circuit is not fo3ded the dip in ~node 
curre nt is very pr·onounced. but it becomes less marked when a load 
is applied. For stable operation the t uning shou ld be adjusted to 
correspond approximately to t he point A (o r A' when lo-aded) . 

how the reed current can be expected to vary wi th the tuning 
adjustment. 

Oscillation is not, however, just a case of the magnitude 
of anode circuit impedance. Oscillation occurs in the vicinity 
0 r the resonant condition of the tuned circuit but only when 
it is inductively reactive at the operat ing frequency. The 
reflected impedance in the grid circuit, due to the Miller 
effect, then has a negative resistive component, i.e. power is 
fed back to sustain the losses of the grid circuit. When the 
anode circuit is capacitively reactive, the reflected impedance 
has a positive resistive component wd oscillation is not 
possible. At the exact point of resonance the resistance is 
zero. This explains the sudden " flop " of the crystal oscil
lator as the anode circuit is tuned from an inductively 
reactive condition to a capacitively reactive one. The 
reflected resist ive component is shown in Fig. 6.3(b). 

With a triode valve (Fig. 6.2(a)) in which the interelectrode 
capacity between anode and grid is likely to be relatively 
high, and so gives more than adequate feedback , the anode 
voltage should be limited to between I 00-150 volts for BT 
and similar low temperature coefficient cuts, wi th the power 
output level between 0·5-1 watt. lf X cut crystals are 
employed, it is permissible to increase the applied voltage to 
250 volts, and the power output to 2-3 watts. However, 
when maximum stability is required, the power in the crysta l 
oscillator should be kept to the lowest possible value consis
tent with adequate drive to the following stage; if the desired 
condi tions cannot be achieved 
a buffer stage should be used 
after the crystal oscilJator. 

(A) 

H.F. TRANSMITTERS 
screen voltage with a suitable potentiometer. If there 
is very effective screening between thl' grid and anode 
circu its, the small capaci tor C of J-2 pF may be required 
to provide sufficient feedback to maintain oscillation. 

The r.f. current through an X-cut crystal may be monitored 
by means of a small low-current lamp in series with it, 
such as a 60 mA lamp. Alternatively the current may be 
measured with a suitable thermocouple meter of about 
60 mA fu ll -scale deflection. AT-cut and BT-cut crysta ls are 
not suitable ror such high currents a1ld no convenient method 
is available to the iimateur for current monitoring purposes. 
The most satisfactory technique, therefore, is lo ensure tha t 
the condition whereby excessive current is obtained cannot 
arise by limit ing the power input to the stage. A convenient 
method or q uickly checking the power output of an oscillator, 
in the absence of better test equipment, is to couple a low
power lamp to the anode-circuit inductor (or " tank " 
circuit) with a single-turn loop of wire : sec Fig. 6.4. The loop 
will absorb sufficient power from the anode coil to cause the 
lamp to light. 

Fig. 6.4. A dia.1-1:.mp with a s ingle turn loop of w ire soldered to it 
will clow brightly when coupled to the coil in a tun•d circuit i n 

which r.f. power is prese nt. 

The Pierce-Co lpitts Oscillator 

Jn the Pierce-Colpitts oscillator, shown in Fig. 6.5, the 
crystal operates al a frequency just below the parallel reson
ance frequency and its equivalent inductance resonates with 
the anode-to-earth and grid-to-earth capacitances. T he 
simple untuncd circuit shown at (A) in Fig. 6.5 wi ll oscillate 
with crystals of any frequency and is therefore convenient 
where widely d ifferent frequencies are to be used for various 
channels. However, if the crysta l happens to have a spurious 

(B) 

L 

IOOpF 
~ 

RF 
OUTPUT 

(c) 

With tbe pentode or tetrode 
version of the simple crystal 
oscillator shown at (B) in 
Fig. 6.2 the h.t. supply 
can be increased without 
risk of damage to the crystal 
and the corresponding power 
output can be increased to 
a possible maximum of 5 
watts with a suitable valve. 
This is because a penrode 
or tetrode has greater gain, 
allowing a reduction of the 
r.f. crystal curren t for a 
given output power. A further 
advantage is that the ampli
tude of the output can be 
contro lled by varying the 

Fig. 6.S. The P ierce-Colpitts crystal oscillator. (A) shows t he simplest form of un tuned oscill;ator. 
In (B) the resonant circuit enables the fundamental frequency or harmonic output to be se lected, 
The electron coupled circuit shown at (C) is especially useful for dcvelopinc :a larce harmonic output. 
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TABLE 6.2 
H;\rmonic output voltace compared to crystal frequency .-nd the 
order of the harmoni c when omploying a 6AG7 va.lvc in the circuit 

of Fig. S(C). 

Fu ndament>I Cry•tal Fre quency 
H armonic 3·7 Mc/s S Mc/s 11 Mc/s I~ Mc/s 

Second 117 141 ~) 41 
Third 58 71 16 25 
fourth 27 11 7 IS 
Fifth 21 16 2·7 9 
Sheth 12 12 2·9 4-3 
Seventh I 7 7 3-3 -

These vole.ages were obc3ined using an anod e voftigc of 250 volu. 

mode of high ac11v11y at a frequency differing from 1he 
desired frequency, 1his may be accidenially excited. T he 
arrangement shown ai (B) avoids 1his possibili1y by the use 
of a tuned circuil LC to select the desi red frequency and at 
the same time gives appreciably greater oulpul. An clectron
coupled circui1 based on the uotuncd Pierce-Colpi11s oscil 
lator is shown at (C). Here the screen grid acts as 1hc 
" anode " of cbe oscilla1or and electron coupling takes place 
through the earthed suppressor grid from the screen to the 
actual anode. It is dangerous to tune the ou1put tank 
circuit LC IO the crystal frequency, since the crystal current 
may then be excessive. Any desired harmonic can, howe\'er, 
be selected by suitably tuning 1he anode circuit. Measure
ments taken on a typica l pentode valve indicate that har
monics up to the sixth are of useful magnitude and Table 6.2 
shows the vol tages that can be expected. 

The Tritet Oscillator 
The triode-tetrode (1ri1et) circuil was inlended mainly for 

the production of harmonics of the crystal frequency, but is 
now really only of classical interest. A complete practical 
circui t is shown in F ig. 6.6: it must not be used with modern 
miniature crystals owing to the danger or fracture. 

Ao analysis shows it to be a form of tuned-anode/tuned
grid oscillator. In this case the crystal constitu1es the reso
nant grid circuit and LI C J is the resonant feedback circuit, 
the effective anode being 1hc screen grid (as in the clectron
coupled oscillator). Besides the feedback which occurs in 
1he oscillator sect ion, coupl ing takes place from the main 
anode circuit since current through this circuit passes also 
through the tank ci rcuit L I C l in the cathode lend. Feedback 
is therefore least whe11 the s tage is not loaded. 

T he circuit is adjusted by firs t tuning the cathode capacitor 
Cl from its maximum value downwards; oscillation begins 
when LI CJ is tuned to the fundamental crystal frequency 
and is indicated by a drop in anode current. The anode 
circuit L2C2 is then tuned for minimum feed current at the 
chosen ham1onic frequency (which should be verified with 
an absorption wavemelcr); al this seUing the power output is 
at its maximum. By increasing C l slightly above the setting 
which gives minimum unode feed current , the crystal current 
will be reduced and the frequency s tabili ty improved. 

The value of LI is importa nt ; it must be so chosen that C J 
is large enough at the required resonance frequency to ac1 
as a low-reactance bypass for the harmonic frequencies 
which may be genera.led in the anode lank circuit L2C2. A 
recommended arrangement is a 200 pF variable capacitor in 
parallel with at least a 100 pF fixed capacitor. The addition 
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Fis . 6.6. T h <> t ritet 01eillator. The 01eillator feedback ci rcuit LICI 
i1 t uned to approximately th e crystal fre-quency, whil e t he anode 
t:.nk ci rcuit LlC2 selects the d esired harmonic frequen cy. C-are is 
nee ded to avoid tunina L2C2 t o the cryst>I frequ ency. If output 
is r equ ired a t the fundamen tal the swi t ch S must be closed t o sho r t· 
circuit LICL Many diffe re nt types of v;alve m ay b e used, e.g. 

6AG7 or 5763. 

of this fixed capacitance has lhe advan1age that it will limit 
the tuning range and pre\'CIH the selection or a harmonic 
frequency wi1h its associated heavy crystal current a nd 1he 
possibility o f overloading caused by oscillation between the 
two tuned circuits. Output at 1he fundamenta l frequency is 
obtainable by short·circuiling LICJ. The circuit is then 
idcn1ica l with that shown at (B) in Fig. 6.2. An impor!an1 
point 10 note is thal the anode circuit must never be tuned 
to the fundamental frequency of the crystal without LICJ 
being short-circuited; otherwise 1here will be excessive crystal 
current owing 10 self-oscilla1ion between the anode and 
cathode circuits. 

Greater power output can often be obtained by the use of 
a beam te trode rather than a pcntode. However, if the la tter 
is prcrcrrcd the suppressor grid should have an independent 
connect ion which must be directly earthed: a pentocle in which 
the suppressor grid is internally joined to the cathode will 
not be sat isfactory. Valves with good screening between 
anode and grid circuits arc prererablc. 

If it is inconvenient to allow the cathode of a 1ritet oscil
la tor to be a t a radfo-frcquency potential with respect to 
earth, the circui t may be rearranged as shown in Fig. 6.7. 

Fi11. 6.7. Alt<>rnntive 
circuit arr angement of 
tho tritet oscillator 
shown in Fig. 6.6. Here 
tho cathode is main .. 
t ai ncd a.t zero r .f. 

potential . 
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Fig. 6.8. Harmonic crystal osci llator. Ample power output is avail· 
able on the fundamental and harmonic frequencies. Recommended 

valves: EF91, 6AM6, EL91, 6A MS or similar. 

- -cry.ta.1 Frequency ·--j" C l Cl 
~~~~~~-f-~~~~~-l 

l..-4 Mcfs I IOpF IOOpF 
4-16 Mc/s 4·7pF 47pF 

The circuit then operates in exactly the Sdme way as before, 
except that the electron coupling to the true anode is accom
plished without permitting the output current to pass 
through the osciUator tuned circuit LICI. At the harmonic 
frequencies, since the output current is not passed through 
the oscillator tuned circui t LlCJ, slightly greater output can 
be expected than wi th the first arrangement. The usual 
precautions to avoid danger to the crystal should be 
observed. 

Colpitts O scillator 

The circuit of the " harmonic " crystal oscillator, shown 
in Fig. 6.8, appears to resemble that of the tritet oscillator. Jn 
fact, however, it is a modification of the Colpitts oscillator 
described on page 6.7; the " anode" of the oscillator s<;:etion 
proper (i.e. the screen) is at zero r.f. potential and feedback 
takes place through the capacitors Cl and C2. The anode 
circuit is electron-coupled to the oscillator section, and good 
power output at either the fundamental or a harmonic 
freq uency can be obtained. No cathode tuning circuit is 

OUTPUT 

,.+-~~ .... ~-r-~_...~~--4~-E'---+--~-4-~oHT

C r yslo l ot ov<>rtone 
f r<iqu~ncy f MONITOR GRID CURRENT 

F1c. 6 .. 9. The Butl er overtone oscillator. Thi• circui t is pr imoa.rily 
intended for- use with crystals desi1ned fo r overtone oper-ation. 
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required, the purpose of the r.f. choke being to provide a 
d.c. return pa.th for the cathode current while at the same time 
allowing the cathode to take up the correct r.f. operating 
potentials. 

Overtone Oscillators 

The oscillator circuits described above produce vibration 
of the crystal plate in its fundamental mode. Any required 
harmonic output is then obtained by the non-linear operation 
of the valve, the harmonics being selected in the tuned
anodc tank circuit. Harmonic output can alternatively be 
obtained by making a crystal oscillate at an "overtone" of 
its fundamental. Theoretically the foregoing circuits could 
be adjusted to give overtone oscillation of the crystal itself, 
but it would in general be necessary to inhibit the tendency 
of the crystal to vibraie at the fundamental rrequeocy; this 
may be difficult to accomplish with the circuits described. 

Usually, circuits which assist the overtone mode of opera
tion cause oscillation at the series-resonance frequency (of 
the overtone mode) and arc typified by the Butler, Squier 

OUTPUT 

.._~~~.___..._~~._-oHT-

Fir. 6.10. T he Squier overtone 01cillator. The circu it LC should 
resonate a.t the overtone frequency and most •mafl triodes are 
suitable. The valve may be one half of a twin triode such as a llAT7. 

and Robert Dollar circuits: these are shown in Figs. 6.9, 
6.10 and 6.11 respectively. Ov.;rtonc oscillation is more often 
required for v.h.f. applications where a large frequency
multiplication factor is wanted, and further information on 
these circuit types is therefore given in Chapter 7-V.H.F./ 
U.H.F. Tra11s111i11ers. Nevertheless, the possibility of using 
overtone modes to assist in the avoidance of interference (for 
example, with television) al certain frequencies is suggested. 
The separation of the harmonics produced (compared with 
operation of the crystal at its fundamenta l frequency) is 
increased; the harmonics which arc produced are multiples of 
the overtone frequency. 

W11en such an osci llator is adopted, care has to be taken 
in the design of the transmitter as a whole to ensure that none 
of the unwanted harmonics arc eventually radiated. 

~'arying the Crystal Freque ncy 

There are two methods of varying the frequency of a crystal 
oscillator. One is mechanical and the other is electrical. 

The mechanical method requires an alteration of the 
dimensions of the crystal plate or its mass in some way. 
T his generally involves the grinding of the surface to increase 
its resonant frequency o r tho loading of the vibrating part 
lo cause a red11ctio11 of the frequency. Such changes to the 
plate must of course be regarded in general as permanent 
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Fig. 6.11. T he Robert Dollar overtone oscillator. This circuit do~' 
not require the use of a tapped coil, and may be used with the same 

valves as the Squier oscillator. 

and irreversible. Crystal grinding, mentioned in Chapter 1 
Principles, requires great care and mistakes made through 
lack of skill can easily have disastrous results. The limit to the 
mechanical loading of a crystal is usually set by a gradual 
decrease of activity as material is added; for this reason a 
maximum reduction of about 25 kc/s is possible with a 
3·5 Mc/s plate. Suitable loading material for a crystal is cold 
soft solder. It is gently and gradually rubbed into the two 
surfaces as evenly as possible near the plate centre; the activity 
should be checked at regular intervals, and in the event of a 
decrease in activity being noted no further loading should be 
attempted. Another materia l found suitable for this purpose 
is ordinary pencil-lead. 

In the electrical method, a reactancc is connected in series 
with the crystal when the circuit is operated at the series
resonance crys1al frequency, or in shunt with it for the 
parallel mode. The effects of such added reactances are 
summarized in Table 6.3. This electrical method is ofien 
useful for making slight frequency changes such as may be 
required to avoid temporary interference. The maximum 
adjustments possible are very small; for ins1ance in the 
7 Mc/s band the change will not be more than a few kilo
cycles. The limits of varia1ion are set ei1her by instability 
or by a complete lack of oscilla1ion. 

Mixer Crystal VXO Circuits 

An increase in the frequency deviation obtained by 
varying crystal frequencies can be achieved by employing 
two separate crystal oscillators, one of which is tuned by a 
reactance which makes its frequency go l.f.; the o ther is 
tuned by a reactance which moves 1he frequency in an h.f. 
direction. Such oscillators used in a circuit similar to that of 
Fig. 6.12 will permit greater deviation to be secured, com
pared with a basic frequency crystal. 

If two oscillators arc used, one on 8·5 Mc/s, the other on 

TABLE 6.3 
Effect on Crystal Fr·equency of Adding Ext-ernal React;lnces 

Ruc:tance Added 

Capaciuncc in scrfcs 
CapJciance in parallel 
Inductance in series ... 
lndua::ance in pan.llel 

6.6 

Series
re.sonance 
Frequenc;y 

lncrc..ucd 
UnJ.ltered 
Lowered 
Un~ltered 

Parallel· 
resonance 
Frequency 

Unaltered 
Lowered 
Unaltered 
lncreued 

12 Mc/s, and assuming that the 8·5 Mc/s crystal is changed 
l.f. by 1 kc/s per Mc/s, :ind the 12 Mc/s c rysta l h.f. by I kc/s 
per Mc/s, the maximum alteration in frequency will be 
12 + 8·5 ,...,, 20 kc/s. 

Jn many of 1hc oscillator circui1s described, the grid is 
connected to earth through a simple resistor. In some cases, 
an increase in output may be obtained by filting an r.f. choke 
between the grid of the va lve and the resis1or but this must be 
done with care however because, in certain circumstances 
and particularly with a valve of high mutual conductance, 
self-oscillation may occur if the choke is of high Q. 

If the crystal fails to oscillate in some circuits it is possible 
for the anode current to rise to such a high level that the 
valve is destroyed. This can be avoided by fitting a resistor 
in the cathode circuit to provide sumcicnl bias to limit the 
anode current to a safe value in case of crystal failure. Tt is 
essential to bypass such a resistor for r.f. 

When using pentode or tetrode valves ·as osci llators, the 
screen voltage should be derived from a po tential divider 
rather lhan the usual series dropping resisto r. For best 
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Fig. 6.11. Low·leYcl mixinr circuit for a VXO showin& typic~I values 
for a 6SA7. The v~lues of Lt and Cl are similar to those for a normOJ.I 

t3 nk circuit. 

stability, however, bo1h anode and screen voltages for 
oscillator va lves should be obtained from a s tabili zed source. 
Electronically rcgula1ed supplies arc preferable to those de
pending on s imple voltage regu lator lubes. 

Keying of any oscil lator is seldom sat isfactory but when 
it is necessary the c rystal oscillato r must receive special 
attention. First , the cryswl i1sclf must be of high activity: 
an inac tive c rysta l is likely 10 produce chirp due to changes in 
frequency as oscilla1ion commences. Secondly, the oscillator 
must be ligh1ly loaded and the crystal current kept as low as 
possible. D.c. keying was popular at one lime, the usual 
me1hod being to do so in 1hc cathode lead. This is a dan
gerous practice from the poinl of view of the lethal voltage 
that may exist across the key as well as overstressing the 
heater/cathode insula1ion. A belier method is to employ 
grid block keying in which a high negative vol!age sufficient 
to bias 1hc va lve to cut-olT is applied under key-up conditions. 
When the key is closed, the negative supply is short-circuited 
to earth, thus allowing the oscilla1or to function normally. 
A high resistance in series wi1h the negative supply limits the 



Fig. 6. 13. T uned anoda tuned grid oscillator. 

currem under key-down condi tions and protects the opera
tor. 

Information on keying and control methods is given in 
Chapter 8 Keying and Break in. 

VARIABLE FREQUENCY OSCILLATORS 

Although the crysta l oscillator is the most simple, stable 
and satisfactory device for providing accurate frequency 
control, it suffers from the obvious disadvantages of fixed 
frequency operation, particularly on congested amateur 
bands where the operating conditions change from minute 
to minute. A variable frequency oscillntor (v.fo.) is now 
essential for most if not all of the h.f. amateur bands. The 
frequency-determining circuits of such an oscillator consist 
of ordinary inductances and capacitances, either or both o f 
which may be variable. Special care must be taken to 
eliminate all possible cause of unwanted frequency variation. 

A v.f.o. of good design should give a freq uency stability 
comparable with that of a crystal oscillator. Some idea of the 
stability desirable may be obtained by considering the follow
ing example. A sudden frequency variation of 50 c/s when 
operating in a congested c.w. band can cause the signal to be 
lost or its intell igibility to be severely reduced if tbe narrowest 
receiver passband is in use: on the 21 Mc/s band this varia
tion would correspond to only one part in 400,000 of the 
transmitted frequency. 

Basic Types of V.F.O. 

Many different v.f.o. arrangements have been developed , 
but when analysed they are found to be modifications of a 
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Fig. 6.14. Basic elect ron-coupled H artley oscillator. 
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few basic circuits. The modifications arc introduced with 
practica l aspects in view; e.g. to aUow the earthing of one 
end of the tuned ci rcuit or to improve the stability. 

An oscillator is essentially a tuned amplifier in which some 
of the output vollage is fed back to the grid 180 degrees out 
of phase wi th respect to the anode voltage. The appro
priate feedback may be obtained ei ther by mutual inductance 
between the anode and grid circuits or by capacitive coupling 
between parts of the ci rcuit at which the correct phase and 
voltage relationships exist for positive feedback to occur. 
Four basic oscillators arc shown in Figs. 6.13 (the tuned 
anode tuned grid), 6.14 (the Hartley), 6.15 (the Colpitts) and 
6.J6(a) (the F ranklin). 

The tuned anode tuned grid oscillator, Fig. 6.13, is similar 
to the Pierce-Miller crystal oscillator of F ig. 6.2(A). When 
the anode and grid circuits of the t.a.t.g. (sometimes known 
as a t.p.t.g.) arc tuned to the same frequency, feedback 
occurs through the internal capacity of the valve from anode 
to grid. This simple oscillator is no longer used in practice 
but its principle of operation should be borne in mind. 

In the Hartley oscilla tor, Fig. 6. 14, feedback is acbfoved by 
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Fir. 6.15. Basic e lectron-coup led Co lpitts osci llator. 

connecting the cathode of the valve to a tap on the tuned grid 
circuit. As the anode current also nows through the cathode 
of the valve, this arrnngemcnt effect ively a llows part of the 
r.f. output current to now th rough the tuned circuit in phase 
with the grid circuit current. T he degree of feedback is 
determined by I.he posilion o f the tapping point on the coil. 
The larger the number of I.urns through which the cathode 
cunent fl ows the greater the feedback. Allernatively, the 
osciHator can be considered ns having the grid and anode 
co1111cctcd to opposi te ends of a lapped tuned circuit, the 
voltages at the two ends being in ant iphase with respect to 
the tapping point. The exci tation ratio is the ratio of anode
tap : grid-lap turns. 

The cathode of the valve in the Colpitts osciUator, F ig. 
6. 15, is connected to a capaci tive tap across the grid tuned 
circuit provided by Cl and C2. The feedback arrangement 
is therefore similar to the Hartley. C2 is bypassed for d.c. 
by the r.f. choke. 

The basic Franklin oscillator shown in F ig. 6. I 6(a) is very 
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Fig. 6.16(a) Basic Franklin oscillator. 

similar to a conventiona l resistance-capacitance coupled 
amplifier with the addi tion of two capacitors to provide feed
back. Disrega rding the tuned ciJcuit, the feedback path is 
formed by the two 5pF capacitors in series connected between 
the input of the left-hand triode and the output of the right· 
hand valve. A parallel tuned circuit is connected between 
these two capacitors and earth. At frequencies other than 
the resonant frequency of this tuned circuit there is a short
circuit to earth across the feedback path but at resonance 
there is a high impedance to earth. Oscillat ion will therefore 
only occur a t the resonant frequency of the tuned circuit 

The circui t of the so-called cathode coupled oscilla tor is 
shown in Fig. 6.16(b) which first appeared in CQ Magazine 
~ April 1960. The circuit is very tolerant of high C opera
ilon, a useful feature where a wide range oscillator is required. 
However, under cenain conditions the circuit may squeg, 
particularly if the grid coupling capacitor is increased much 
beyond the suggested IOpF . A small non-inductive resistor 
of JO to 50 ohms will prevent tllis and enable a nearly 
constant output to be obtained over several bands without 
altering the grid capacitor. 

The h.t. bypass C3 should be connected directly between 
1he " free" anode of the vaJve and the earthing point of the 
oscillator to ensure low harmonic output. For llarrnonic 
suppression, the series inductance of the capacitor is more 
important than its actual value and it is worth trying different 
physical types. For example, a cylindricaJ paper capacitor 
particularly if in an earthed metal casing, may be found 

Fig- 6. 16( b). T he so-called cathode coupled oscillator. V I may be;i 
6J6 or 6SL7GT. l t w ill be s een that the circu it is ver'y s im ilar to the 

s tandard frankli n oscillator. 
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superior to a s ilvered mica type whereas witl1 d ifferent makes 
the opposite might be true. Hi-K ceramic types seem to be 
unsui table for this application. /\ combination of different 
types sometimes proves sat isfactory. A 5K ohms resistor 
in the •'free" anode circuit may also prove helpful in 
eliminating harmonics. 

In these basic types of oscillator or in any of their modi
fications the frequency s tability is limited primarily by the 
stability of the frequency-determining tuned circuit and also 
by the effect of the valve and other components associated 
wi th it : other factors such as the operating voltages and 
currents and the loading of the oscilla tor are likewise im por
tant. All these design problems require close and careful 
study if satisfactory performance is to be achieved . 

Tuned-circuit Stability 

To ensure the highest s tabili ty over both long and short 
periods the primary requi rement is that the frequency. 
determining tuned circuit sha ll be in every way of a high 
standard. Mechanically, it must be perfectly rigid since 
any vibration or displacement of the various parts of the 
tuned-circuit assembly will cause variations in the effective 
inductance and capacitance and therefore in the oscillator 
frequency. To overcome these effects, the who le oscillator 
{in particular the items associated with the tuned circuit) 
must be made as mechanica lly rigid as possible. It is prefer
able to construct the osci lla tor in a die-cast box, which gives 
sufficient s trength for most amateur purposes and at the 
same time screens the v.f.o. from external fields. The wi ring 
should be of stout gauge (16 s.w.g. or thicker). 

The tuning capacitor must be of low-loss construct ion, 
preferably wi th ceramic insulation for the s tator supports and 
with bearings for the rotor which prevent any tendency 
towards wobble or backlash. The electrical connection to 
the rotor should be made separately through a spring 
contact- or a pig tai l- in order to avoid the introduction of 
spu rious resistance paths through the bearings, which can 
cause frequency scintillat ion- smaJI random changes in 
frequency. Since the c.1pacity of a variable capacitor depends 
not only on the area of the fixed and moving plates exposed 
to each other, but also on the spacing between them it is 
advisable to employ a tuning capacitor with widely s~aced 
plates. Like a ny o ther item, heat will cause expansion in the 
tuning capacitor, and the resulting capacity change will be 
far less in a unit with widely spaced plates compared to one 
in which the plates arc phys ically close. The capacitor must 
also be selected with regard to the nature of the dielectric 
supporting the fixed plates from the main frame for con
sideration will show that this dielectric is directly ~cross the 
tuned circuit when this is a parallel configuration, a nd across 
the capacitor itself in a series tuned arrangement. High grade 
ceramic or preferably p. t.f.e. must be used for these supports. 
Materials such as paxolin and Bakelite are quite unsuitable. 
To reduce r.f. losses to the minimum, it is desirable that the 
plates themselves should be silver pla ted and soldered 
together. 

The coil should be wound in such a manner as to make any 
movement of its turns virtually impossible. Apart from the 
use of grooves in the former, sufficient rigid ity can be achieved 
by winding the wi re under tension. 

T here is an increasing tendency to employ physically small 
coils in oscillator circuits, and to fit these with ferrite cores 
in order to achieve the desired inductance. Such a procedure 



is satisfactory so long as the ferrite material is not subject to 
a high coefficient o f expansion, and the core itself is firmly 
locked in place. 1f such coils arc used and frequency drift 
is noted above that which may reasonably be expected, a 
change of ferrite core type may wel l result in a substantial 
improvement in frequency s tability. 

Changes in the va lues o f the tuned circuit componcncs are 
not the only source of frequency drift. Instability in the 
values of o ther components o r changes in the interelectrodc 
capacities of the valve may produce capacity changes across 
the tuned circuit or result in an alteration in the working 
point of the valve, both of which can cause the operating 
frequency to be unstable. 

C ircuit Q 

An important factor in the maintenance of frequency 
stabi.lity is the loaded Q of the frequency controlling circuit, 
the stabili ty being improved with increase of Q. This is 
because in a high Q circuit the phase change of the voltage 
existing during oscilla tion across the ci rcuit varies with 
frequency more rapid ly than in low Q circuits . Thus, in 
the high Q case, random pha~c changes in ti1e oscillator 
feedback path a rc cancelled out by smaller changes of 
frequency than in the low Q case. 

T he loaded Q value of tho tuned c ircui t may be improved 
by reducing the losses in its components, the chief Joss 
usually occurring in the coil. Therefore coil formers, which 
may be ribbed, should be made of low loss material (e.g. 
p.t.f.e., polystyrene or ceramic) and the wire must be 
copper, preferably silver plated; Litz wire is usefLLI at fre
quencies below J Mc/s. A specific shape can be found which 
gives highest coil Q. 

The coil should be si tuated at least 1-1·5 coil diameters 
away from metal screening or other components to prevent 
loss of energy and subsequent lowering of Q due to induced 
eddy currents and dielectric losses. Olher items associated 
directly or indirectly with the tuned circuit such as padding 
capacitors, insulators aud so forth must be of high grade 
material, as any dielectric losses will be reflected in a reduced 
circuit Q. Capacitors should be of air or mica dielect ric 
except for any necessary temperature compensating ceramic 
capacitor. 

In the practical oscillator the frequency controlling circuit 
must be coupled to the osci llator valve. The effect of this is 
to reduce the overa ll Q of the circuit by an amount depending 
on the degree of coupling. T he coupling should therefore be 

Fir . 6.t7. Me thod of increasina t he stabiUty of the H artley oscillator 
by tapping t,he grid connect io n dow n th e tune d ci rcuit~ 
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small. F or a g iven amount of loading, however, the Q of a 
tuned circuit is proportional to the C/l ratio, which should 
consequently be as great as possible. In fact the C/L ratio is 
usually chosen as a compromise betwi.-en greatest ratio and 
the ability to tune over the required frequency range using 
components of convenient value. 

Apart from the improvement in loaded Q value obtained 
through the use of high C/l ratio in the oscillator tuned 
circuit, the effect of changes in the valve interclectrode 
capacities due to extraneous influences is considerably 
reduced, as the ratio of valve capacity to total circuit capacity 
is very small and as a result is less capable of varying the 
resonant frequency. 

Reduction of oscillator loading as a means of improving 
the circuit Q is exemplified by the Franklin oscillator (see 
Fig. 6.1 6). In this oscillator the two valves a re extremely 
loosely coupled to the tuned circuit through two very small 
capacitors. 

In another type of oscillator the connections from the 
valve electrodes are tapped down the coil (example: Fig. 6.17) 
thus reducing the loading effect o r the valve o n the c ircuit 
and the influence of the inte re lcctrode capacity on the 
resonant frequency. 

All other things being equa l, !he most stable oscillator 
will be that in which the loosest coupling exists between the 
tuned circuit and the valve, or a circuit in which the capacity 
across the tuned c ircuit is extremely la rge in proporlion to 
any likely external capacity changes. 

The valve, because of its non-linearity, will generate 
harmonics of the oscillator frequency. These can inter
modulate with each other producing fundamental compo
nents in random phase relationship with the original funda
mental component. The presence o f these spurious com
ponents will produce instability of the frequency but their 
effect can be considerably reduced by employing high Q 
circuits which by vi rtue of their selectivity prevent them being 
fed back to the grid circuit. 

It is also possible for the frequency to change if funda
mental components are fed back to the oscillator from high 
power stages of the transmitter. Since these will change in 
amplitude with keying or modulation they will combine with 
the existing fundamental component and the resultant wi ll 
change in phase. The oscillator will then a lter frequency so 
lhat the loop phase shift is zero. Such frequency changes can 
sometimes be of the order of 100 c/s or more. T he solution 
is effectively to screen the comp lete oscil la tor un it and bypass 
and filter all supply leads in.eluding the heater. 

Avoiding Te mperat ure Effects 

Temperature v<Lriations can produce a considerable change 
in the resonant frequency of a tuned circuit. T he elTect of a 
temperature chan ge upon the coil in such a circuit is to cause 
an expansion or contraction of the former and wi re with a 
consequent change in inductance and resistance va lues. Both 
of these values normally increase wiLh the temperature. 

The various parts of the tuning capacitor assembly will 
likewise contract and expand and the amount of the resu ltant 
change in capacitance will depend on the type of construction. 
In general it is found that the resonan t frequency of an 
ordinary tuned circuit comprising a parallel-connected coil 
and capacitor has an effect ive negative temperature coefficient 
of 50-100 parts/ million/degree C. 

The most obvious method of avoiding the frequency drift 
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caused by temperature variat ion is to remove the tuned 
circuit from all sources of heat. T he tuned ci rcuit should be 
located in a part of the equipment well away from valves 
(which can radiate a large proportion of their wasted power) 
and high-wattage resistors. It is preferable to place the circuit 
within its own compartment, and if th is is brightly polished 
on the outside any unavoidable heat will be rcllected away 
from the surface. 

The second method, which is in common use O\\ ing to the 
difficulty of preventing all heat from affecting the tuned 
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Fir. 6.18. Temperature compensating ci r"cui t employing a d ifferential 
capacitor. 

circuit, is to compensate the frequency variation by means of 
capacitors having a suitable negative temperature coe(ficient. 
When these are com1cctcd across the tuned circuit in their 
correct capacitance proportions, any temperaLme rise will 
tend to cause them to increase the resonant frequency, 
whereas in the remainder of the circuit the effec t of the tem
perarure rise is to lower the frequency. The result is that tbe 
frequency stays almost const:mt, i.e. the overall temperature 
coefficient of frequency is reduced almost to zero. To obtain 
a required tuning range wil l\ a given variable tuning capaci
tor it is necessary to co1rnect a f1xed capacitance of suitable 
size across the tuned circuit, and a selected proportion of this 
capacitance may conveniently be of the negative temperature 
coefficient type. The compcns:iting capacitors themselves are 
usually of the tubular wire-ended ceramic type and arc avail
able in almost any nominal vn lue of capacitance with several 
different va lues or temperature coeffic ient. 

Selection of the correct va lue of compensating capacitor 

oscillator is operated at a low power level there will be 
less difficulty in preventing a temperature rise in the tuning 
circuit due to heat from the valve. There wiJI also be less 
heat developed in the tuning circui t itself (arising from 
r.f. losses), but in any case this is likely to be quite small 
compared with the amount of heat which reaches it from 
the valve. 

Power-supply Variations 

Variations in the supply rnllages to the oscillator valve 
can alter its intcrelectrode capacities and other parameters. 
Details of suitable methods of stabilizing the power supply 
voltages are given in Chapter 11-Poiver Supplies. Changes 
in heater voltage ge11crally produce negligible varia tion of 
frequency, but their effects should not be ignored. 

l oading Effects of Following Stages 

The loading effect on the oscillator of the buner or 
frequency-multiplying s tages which follow it causes reactive 
and resis tive components to be reflected into the freq ucncy
determioiog circuit of the osciUator. The reactive com
ponents cause direct frequency variations while the effect 
or resistance across the resonant circuit is to decrease its Q, 
thereby reducing the inherent frequency stability. Moreover, 
r.f. voltages may be fed back from the succeeding s tage. 
These voltages, the amplitudes of which depend upon the 
power output, and the tuning adjustments of other parts 
of the transmitter, will affect the calibra tion and the s tability 
of the v.f.o . 

For maximum stability the coupling to the following stage 
must therefore be as loose as possible consistent with the 
required drive being obtained. 

T he only way in which frequency variations due to changes 
in loading can be overcome is by the llse of adequate buffer 
amplifier stages after the v.f.o. It is not possible to remove 
a ll loading from the v.f.o. since it must supply some power 
to tl1e following stage, but it is possible to arrange the loading 
on the v.f.o. so that the frequency stays sensibly constant. 
The following stages then supply the required drive power. 

ll is strongly recommended that the v.f.o. should be 
followed by an untuned class A buffer amplifier or a cathode 
follower, as shown in Fig. 6.19. Both of the ci rcuits shown 

can be a laborious task. An ingenious 
solution to the problem is shown in the 
circuit of Fig. 6.18 in which a positive 
temperature coefficient capacitor and a 
negative coefficient capacitor or the 
same value are connected to the two 
arms of a differentia l capacitor. It is 
convenient to make both fixed capacitors 
the same value and by varying the 
differential capacit0r the temperature 
coefficient may be adjusted precisely. 
Tbe local capacitance " seen " by the 
tuned circuit wi ll vary as the differential 
capacitor is adjusted (max. in m id
position) but this can be compensated 
by adjusting the band-set capacitor. 
The " Tempatrimmer " manufactured 
by Oxley Industries is a commercially 
available component performing the 
same funct ion as the arrnngemcnt 
of Fig. 6.18. Furthermore, if the 
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Fig. 6. 19. Methods of iso lating th" v.f.o. from loading effects. The untuned clau A amplifier 
shown at (A) provides a useful amount of rain besides aff'ordina adequate isolation. In the 
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in Fig. 6.19 present a very high impedance to the oscillator 
stage, and feedback from subsequent stages is at a 
satisfactorily low level. 

The class A amplifier shown at Fig. 6.19(A) is suitable 
for feeding another stage (the coupling lead from the out
put capacitor should be kept short). The following stage 
may in most cases be a small tuned class C amplifier. 

The circuit is that of a pentode amplifier operating in 
class A giving a high degree of isolation. For maximum 
efficiency, the output from the anode 10 the following 
stage should use the shortest possible lead length, and 
for preference be no longer than the wires on the lOOpF 
coupling capacitor. To ensure that the stage operates under 
class A conditions whc11 connected to the v.f.o., the connec
tion between the earthy end of the 470 Kohm grid resistor 

·and the chassis should be broke1:t, and a 0-500 ,.,,A meter in
serted. Witl1 both the v.f.o. and the buffer stage operating, 
the meter should be checked for any signs of grid current. If 
current is present, then the JOO pF coupling capaci tor in the 
grid circuit. must be reduced in value to the point where grid 
current ceases. 

Although the gain of the cathode-follower circuit shown 
at F ig. 6.19(B) is less than unity, the degree of isolation 
between input and output circuits is extremely high. The 
output impedance is quite low (approximately equal to J/gm, 
where g,,. is the mutual conductance at the operating point 
of the valve used); a typical value is 100 ohms. It is 
therefore possible to feed the output directly and without 
serious mismatch into a low-impedance co-axial cable which 
can then supply the main transmitter at a point remote 
from the v.f.o. unit. 

V.F.O . Design Recommendations 

The rules for the avoidance of frequency drift and other 
variations in a v.f.o. may be summarized as follows: 

(a) Ensure complete rigidity and strength of the mechani
cal structure and wiring. 

(b) Protect the tuned circuit from the effect of heat sources 
such as valves and resistors. 

(c) Construct the tuned circuit and associa te<l oscillator 
components of material having the lowest r.f. losses. 

(d) Avoid draughts across the tuned circuits. 

(e) Operate the oscillator at the lowest possible power 
level. 

(f) Provide slabiliz.ed h.t. to the valve. 

(g) Use a buffer mnpli.ficr nncl/or cathode follower to 
minimize the loading effect of the subsequent stages. 

(h) Screen. and decouple all the circuits to prevent the 
pick-up of r.f. energy from higher-power stages. 

(i) Use heat dissipating valve screens. 

(j) Operate the oscillator or tuned circuit at a fixed 
temperature (above maximum ambient) by means of 
an oven and thermostat. 

Selecting the Frequency of the V.F.O. 

It is usualJy advantageous to operate a v.f.o. on a relatively 
low frequency since, first, the stability in terms of frequency 
is improved as a consequence of the diminished effect of the 
various factors causing frequency variations and, secondly, 
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it can facilitate multi-band operation. Owing to the harmonic 
relationship between tbe various amateur bands the output 
of an oscillator working on a suitable low frequency can be 
frequency-multiplied to produce the required drive voltage 
in one or more of the higher-frequency bands. The multiplica
tion is usually effected in separate stages, but often it can be 
arranged within the v.f.o. unit itself. ln many amateur 
stations a v.f.o. covering the range 1 ·75-2·0 Mc/sis found to 
be a very convenient means of providing multi-band fre
quency control. It is not generally satisfactory to operate 
tbe oscillator on the final carrier frequency. 

V.F.O. Bandspread 

It is desirable that the whole of the amateur band to be 
covered by the osciJlator should be spread across the full 
width of the tuning dial. ln this way the operating frequency 
can be quickly read, adjustment made easier, and the danger 
of out-of-bana operation reduced. To produce the required 
bandspread, the tuning capacitance is usually made in the 
form of fixed (ot pre-set) capacitance plus a small variable 
capacitance just sufficient to vary the frequency over the 
desired range. The necessary values may be determined by 
experiment or from simple calculations. 

If forexan1ple a transmitter were being constructed for the 
28 Mc/s-29·7 Mc/s baud, and the v.f.o. was to operate in the 
3·5 Mc/s region, the frequency mult ip lication required in the 
transmitter would amount to eight times (3·5 Mc/s x 8 = 
28 Mc/s). Thus to cover 28 Mc/s-29·7 Mc/s the v.f.o. would 
need to tune from 3·5 Mc/s to 3·7 128 Mc/s. In practice this 
would probably be adjusted to 3·49 Mc/s to 3·72 Mc/s to 
give about 10 kc/s overswing at each end. Similar calcula
tions can be made for other bands. 

One of the most satisfactory types of slow-motion drive for 
a bandspread tuning capacitor is the friction type with a ratio 
between 6 : 1 and 9 : 1 or the gear type. Frequency changes 
can then be made swiftly and the setting accuracy should be 
adequate, provided that a suitably marked dial is used. The 
dial may show ordinary scale divisions (0-100 or 0-1 80) but 
it is far more convenient to have a dial which has been 
directly calibrated. The frequency can then be read instantly 
and the risk of error that is always present io the use of a 
separate calibration chart is avoided. A particularly suitable 
slow motion drive and dia l for the de-luxe transmitter is the 
Eddystone type 898. 

Appraisal of a N ewly Constructed V.F.O. 

As the v.f.o. is the heart of the transmitter it is important 
that it should be thoroughly tested before the transmitter is 
put on the air. The following is intended as a guide to the 
procedure to be adopted when testing a v.f.o. for the first 
time. 

(a) The unit should be insta lled in position in the 
transmitter or chassis of which it is intended to 
form part. 

(b) The buffer stage should be connected and suitably 
dummy loaded. 

(e) It may be useful to monitor h.t. current and this may 
be conveniently done by measuring the voltage 
across a series resistor in the h.t. lead. In the 
absence of such a resistor it will be necessary to 
break into the h.t. lead and measure the current 
directly. 
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(d) Apply power and observe that the h.t. current is of a 
reasonable value. 

(e) A check may be made that the unit is oscillating by 
touching the grid lead of the valve and observing 
that the anode current increases. 

(f) It is now necessary to determine the approximate 
fundamental frequency of osciUatioo; for this 
purpose a calibrated absorption wavemeter should 
be used. Find the strongest signal using the absorp
tion wavemcter and tune well to either side of this 
signal in order to ensure that it is the fundamental 
output of the oscillator. 

(g) If necessary, adjust the oscillator frequency to the 
required value determined by the absorption wave
meter, using the band-set capacitor. The position 
of the tuning capacitor should be appropriate to the 
chosen frequency, i.e. it should be fully meshed if 
the chosen frequency is maximum l.f. and vice versa. 

(h) Depending on the accuracy of the absorption wave
roeter used, it may be possible to use it to determine 
the bandspread to a firs t approximation; otherwise 
a crystal cnlibrntor must be employed. 

(i) It may now be convc11ient to determine th<~ stability 
of the oscillatol'; the oscillator should be tuned to 
zero beat with the signal from tbe crystal calibrator 
and the drift mc.'lsurcd over a period. 

(j) Should the circuit include adjustable temperature 
compensation based on the Oxley" Tempatrimroer " 
capacitor then adjustments may be made to reduce 
the drift to acceptable limits. A hairdryer is a useful 
tool at this juncture since accurate setting of the 
temperature compensation may be a long and 
tedious process without accelerated warm-up. 

(k) The components normally employed in v.f.o. circuits, 
for instance air spaced capacitors for tuning, hand
set and band-spread, silvered-mica capacitors for the 
fixed values and valves all have positive temperature 
co-efficients. A small amount of negative tempera
ture co-efiicicnt compensation is therefore usually 
required. Jf capacitors employing other dielectrics 
are used note should be taken of their temperature 
co-efficients so that appropriate compensation can 
be arranged. 

(I) The purity of note should next be checked by 
listening to the v.f.o. on a receiver. The presence of 
supply mains frequency modulation would normally 
indicate cathode heater leakage in the oscillator or 

buffer valve and X2 mains frequency modulation 
would indicate inadequate smoothing of the h.t . 
supply. Modulation at other frequencies is 
probably attributable to the presence of parasitic 
oscillations. 

(m) A useful check for parasit ic oscillations, apart from a 
wide range sensitive absorption wavemctcr, is to 
monitor the h.t. current to the v.f.o. while tuning 
over its full tuning range. Sudden changes in h.t. 
current usually indicate the presence of parasitics. 

(n) Should evidence of parasitic oscillations be found, 
reference should be made to page 6.36. 

(o) Having achieved satisfactory operation of the v.f.o. 
to this stage of testing, accurate calibration may be 
carried out using the crystal calibrator. 

As a practical criterion of stabi lity, a fundamental 5 Mc/s 
v.f.o. which drifts no more than 50 c/s/bour under average 
shack conditions may be considered lo be good. 

Measuring Beat N otes 

While it is not essential to mcasLJre the frequency o f the 
beat note between the v.f.o. and the reference standard, it 
does permit some assessment of the effects of alterations. 

If an oscilloscope and a variable frequency audio-oscillator 
are available they can be used to determine the frequency of 
the beat notes. (See Chapter 19-Mea.mreme11ts.) Not all 
workshops have a variable frequency audio oscillator and an 
oscilloscope. In such cases a somewhat less accurate method 
can be adopted. This involves the use of a meter arranged 
in a circuit in such a manner that its deflection is proportional 
to the applied frequency, so allowing the beat frequency to 
be read directly. 

Although not of extremely high accuracy, a simple direct 
reading frequency meter docs have the advantage that the 
frequency change taking place over a given period can be 
instantly seen without the manipulation of controls. Tue 
circuit of such a frequency indicator is gi,·en in Fig. 6.20. 
This instrument is provided with three ranges, the full scale 
deflections of which arc 0-100 c/s, 0- 1 kc/s, and 0-JO kc/s. 

The transistor functions as a limiter amplifier, the output 
of which is differentiated by one of the three capacitors 
assoc.iated with the range switch, result ing in a train of 
positive and negative going pulses. The negative pulses are 
clipped by the dfode CRJ, the remaining positive pulses 
being fed to the metering circuit where tl1ey a re integrated 

by the capacitor Cx. The voltage thus 
RANGE swncH developed across Cx is linearly pro-

~--.-------.,;.r_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_._-_-_-_-...,-'-1--o_1 2v portiom\I to frequency aod the meter 

IOOK 

CR2 
0A61 

Cx CAI 
OA61 RANGE SETTING 

POTENTIOMETERS 

measuring the voltage may therefore 
be calibratccl directly in cycles per 
second. l't is essential that the input 
to this circui t be sufficient to allow 
the transistor to be driver into 
limits, as otherwise the meter read
ings may be incorrect. Approxi
mately 2 volts peak-to-peak is 
needed. A minor disadvantage of this 
device is that the indications are not 
accurate below about 5 per cent of 
the frequency range in use and thu~ 
while the lowest range claims 
0- JOO c/s, frequencies lower than 

SWITCH POSITIONS IOOcp> 2 ... • 1 kc/s 3 ___ IOkc/s 

f ie. 6.20. A d irect re3dlni frequency indicator suitable for the determination of the frequency 
of beat nous in tho ranao Sc/ • to 10 kc/s. The SOµA met"r may be replaced by a 100µ.A meter; 
ifthi• is dona tho IOOK ohm ranae scttini potentiometers must be reduce.din value to SOK ohms 

uch. 
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.----.,____ ___ _,, H h voltage is found to be of opposite 

O·O~F sign to that caused by a similar 
L 2 _I_ change of screen voltage as shown 

-:;:- in Fig. 6.22. 

If the relative values of these 
two voltages are carefully chosen 
the effect of one electrode can be 
made 10 balance that of the other 
over quite a large range when the 
two voliages are supplied from a 
common source. An important 

._._.._ ..._ __ _. _ ___ .__.._.,HT- feature to note is that a pentode 

( B) which has its suppressor grid 

Fig. 6.11. TVlo V<!rsions or the Hartley circuit .. In (A) c:-te output works into an r.f. choke. while in 
(8 ) a tuned circuit is employe d resulting in :i hiahcr output level. For operation in the 3·5 Mcj s 
ran.ce, LI will be about• µ. H, Cl (composed of a combination of fixed and variable capacitors 1n 
parallel to achieve the desired valuo). will total about SOO pF, and C l, the tun ing capacit.or, ISO pF. 
An EF91 (6AM6) or si milar small pontodc w ith separate suppressor grid is suitable. Th" h.t. 

internally connected to the cath· 
ode is unsuitable for the e.c.o. 
type of circuit since the cathode is 
at r.f. potential to earth. If the 
same r.f. potential is allowed to 

voltage must be st:ibili~ed. 

5 c/s should not be taken seriously. Consistent accuracy is 
maintained on aU readings which arc above 10 per cent of 
full sea.le deOection. 

To calibrate tlte instrument the range potentiometers 
should first be set to maximum resistance. 011 Range J the 
output from the 6·3 volt winding of a mains transformer 
should be applied to the input and the range potentiometer 
adjusted so that the meter reads half scale. Range 2 can be 
calibrated against either the nnc tuning signal of 440 c/s 
or the 1000 c/s, tone duration transmitted by MSP . An 
audio generator is needed to calibra te Range 3. 

V.F.O. C IRCU ITS 

Many different types o f circuit arc in common use, each 
one having its own particular merits. Many of the arrange
ments described here will be found satisfactory for use in 
amateur equipment. 

The Electron-coupled Oscillator 

In this oscillator a pentode valve is used in such a way 
that the screen and control grids correspond lo the anode 
and grid respectively of a triode. Electron now through the 
valve is controlled by the action of this triode oscillator and 
the anode current, i.e. the current in the output circuit is 
therefore caused to vary in an oscillatory manner, a lthough 
there is no direct coupling between the output circuit and 
the oscillator circuit. A marked reduction in the loading 
effect on the frequency dc1crmining circuit is thus obtained. 
A popular version of this circuit is shown in Fig. 6.21. The 
anode circuit may be untuned as shown at (A) o r alternatively 
the desired output frequency, which niay be the fundamental 
or a harmonic, may be sekctcd by means of the tuned circuit 
as shown at (B). 

It is possible to tune the a node of the oscillator of Fig. 
6.2l(B) to the second h<trmonic of the basic oscillator 
frequency but this is not advised. Under such conditions 
there will be a substantial increase in the now of harmonic 
currents through tbe cathode of the valve and hence the 
fundamental tuned circuit. Such currents arc likely to have a 
detrimental effect on the stability o f the basic oscillator. A 
valuable property of the clcctron·couplcc.l oscillator circuit 
is that the frequency variation for a given change in anode 

appear on the suppressor grid, 
direct capacit ive coupling between the osci llator sect ion 
and the output anode circuit will exist. A valve with a 
separate connection to the suppressor grid must therefore 
be chosen so that it can be earthed. 

The presence of oscillation is indicated by a rise in the 
anode current when the grid terminal is touched. When the 
circuit is oscillating, the feed current should be not less than 
half the non-oscillating value in the case of an untuned 
anode circuit. It can be altered by varying the gridleak 
value and the cathode tap position. T he latter should be 
placed as near to the earth end of the coil as possible; 
usuaUy about one-third of the total number of turns from 
this end is found to be a suitable position. A further re
finement to this circuit is to tap the grid connection down 
the tuning inductance as shown in Fig. 6.1 7, thus reducing 
the loading thereon and improving the Q-value. The 
electron-coupled oscillator gives probably the highest output 
of all the v. f.o. circuits consistent with high stability and 
good tone qual ity. lt can therefore be recommended safely 
to the newcomer to v.f.o. techniques. 

,,l 

E tl~ct of vo;yin9 
scr<tn voltogt 

-20% 

~~~~~ilO N Of ••• 
VOLTAGE FROH 
HOHIHAL -

-·-

+· 10% 

-·10% 

~, 

Etfcct o f varying 
o nod<t vo ltogt 

+20% 

Efftcl of varying 
screen & anod~ 
voltages tog<th•r 

Fig. 6.ll. Variation of frequency of an clcetron·coupfed oscillator 
with electrode volta3c.s. When the scrocn z:.nd anode voltages arc 
varied simulUkneously t.he effect on the frequency is very much less 

than that caused by va.rying e ithe r of tllem a lone.. 
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Fiii. 6.23. Fundamental cir cuit of the Gouriet-Clapp oscillator, 
from which its similarity to the Colpitts oscillator may be seen. 

The Gouriet Clapp Oscillator 

The circuil of the Clapp osci llator, which was originally 
devised by G . C. GOUll lUT o f the BBC, is shown in Fig. 6.23. 
rt closely resembles that of the Colpitts oscillator. The 
important difference is that a small capacitor Cl is h1serted 
in series with the tuning inductance L'I (which is made corres
pondingly larger so as to resonate at the required frequency), 
while the capacitors C2 and C3 constitute the feedback 
system and are of the order or JOOO pF each. Because they 
are connected across the valve electrodes, any capacitance 
variations within the valve itself become negligible in 
comparison. The whole arrangement may be compared with 
a crystal oscillator, since as previously explained the crystal 
has an equivalent circuit consisting or a very high inductance 
in series with a small capacitance in one arm in parallel with 
a second arm comprising a relatively large capacitance. The 
inducti,·e reactancc or the first arm in combination with the 
capacitive rcactance or the second arm then causes the 
circuit to oscillate in the parallel-resonant mode. In a Clapp 
oscillator the first arm or the resonant circuit consists of LI 
and Cl in series, whi le the second arm is the series combina
tion of C2 and C3. 

The tuning control is effected by the small variable 
capacitor Cl. Satisfactory performance can only be obtained 
over a frequency range or about I ·2 : 1 because the power 

Fig. 6.24. A practical Gouriot-C lapp oscilla tor. For the I ·8 Mc/s 
band, typic:;al values arc: Cl , Cl, 2200pF; Cl, tuning, SO pF; C4, handset. 
IMl pf; CS, output tuninc, 100 pf; L I, 70µ H: l.l. 11 µ H. lrtheoscillator 
is required to operate in the 3·5 M c/1 band, t ·hcse values should be 
halved. Suitable valves are the EF91, Zn or 6AM6. The h.t. volt..ge 

must be stabilized. 
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output diminishes rapidly as the series capacitance is 
reduced. This range is, however, more than enough to 
cover any or the amateur bands. 

A practical circuit for use on the amateur bands is shown 
in Fig. 6.24. The triode oscillator portion comprises the 
cathode, grid and screen or a pcntode and the output is 
derived from the tuned circuit connected to the anode 
proper which is electron-coupled to the oscillator section. 
For the highest frequency stability, the valve selected for use 
in this circuit should have the largest possible ratio between 
mutual conductance and inter-electrode capacity. 

The ratio of the normally equal capacitances Cl and C2 to 
C3 plus C4 should be as high as possible coosisteot with 
reliable oscillation. If oscill:ll ion is not maintained over the 
desired range, Cl and C2 must be reduced in value or the 
valve should be substituted by one of higher mutual conduc
tance: it may also help to increase the Q or the coil if possible. 

The oscillator can be nclaptccl for frequency modulation 
by connectiog a reactance valve to the cathode or across C3. 

Fig. 6.lS. Pf'a~tical VackO\,. oscillator for frequencies in t he n..nge 
1 ·5 Mc/• to 15 Mc/s. Seo Tabios 6.4 and 6.5 for c.omponent details not 

given on the diagram. T ho h.t. voltace must: be subitized. 

The Vackar O scillator 
Whereas the Clapp oscillator is limited in use to a relatively 

small frequency range, the Vackar (Tesla) oscillator, which 
is a development of it, provides a fairly constant power 
output over a much wider range (about 2· 5 : I). Jt has similar 

TABLE 6.4 

L I 
Turns 

Tuning Range S.w.g. closo C l Cl Cl C4 
enanl. wound ---------

Amoceur Bands 
1·8- 2 Mc/s 34 70 SS6 pf 556 pf 4700 pf 15-250 pf 
3·5- 3·8 Mc/s 28 45 500 pf 300 pf 2700 pf 10-100 pF 
7·0- 7·1 Mc/s 26 30 200 pf 200 pf 1800 pf 10-25 pf 

14 -14·35 Mc/s 24 IS 100 pf 100 pf 1000 pf l<H5 pf 
- --------Special 

Frequencies 
8 Mc/s 26 25 200 pf 200pf 1 1800 pf + 
9 Mc/s 26 20 200 pf 200 pf 1800 pF + 

10 Mc/s 24 25 HOpF 1'40pF 1800pF + 
11 Mc/s 24 10 140 pf 140 pf 1000 pf .. 

All coils are wound o.n -h in. diameter formers fitted with ferrite cores, the 
winding starting at the foot and progres.sins towards the top of the former. 
In the Special FrequencicJ section, no value is specified for the tuninc 
capacitor C'4 as this depends on the desired frequency coverage. A i in~ 
former may be substituted if the number of turns is increased by 10 per cent. 



TABLE 6.5 

r T unins R:ingc LI 
given by full Tu,.ns 
excursion of S.w.e. close Cl C2 Cl C4 

core enam. wound 
-----,---

I ·S- 1·5 Meis 34 70 556 pf 556 pF 4700 pf ~ 

2·3- 3·3 MC:s 34 15 556 pf 556 pf 4700 pf T 

3·2- 4·5 Mcfs 28 15 500 pf 400 pF 2700 pf .,.. 
1· 3- 6· l McJs 28 35 300 pf 300 pf 2700 pf .,.. 
6· I- 8 ·8 Mc/s 26 30 200 pf lOOpF ISOO pf + 
7·9-11 ·0 Mc/s 26 20 200 pf lOOpf 1800 pf + 

IO·S-15·0 Mel• 21 20 100 pf 100 pF 1000 pf + 

All coil.s 3re wound on -h fn. di:i.tnctcr formers fitted with dust iron cores . 
No "alvc is quoted for C-4 :iis this will depend on the frequency coverage 
required. Since 3ddiog capacity M C4 will dccrc-ase the frequency, a coil is 
chosen which covers the hi ghest rroquoncy required within the range o f its 
co re. and the circuit tuned In :i low frequency direction by ;i. suitable 
capacitor at C"1. 

good frequency stab il i1y <rnd low harmonic content. 
T he circuit adapted for amateur use is shown in Fig. 6.25. 

Operation at the fundnmcnta l frequency on all the h .f. 
bands is praclicable. In the simplest arrangement tuning is 
effected by the variable capaci tor C4, bul a greatly improved 
performance is achieved if a split-stator capacitor is used, 
the other section being connected across Cl. The capacitor 
C6 serves as a band-setting control. Typical coil and 
capacitor values a rc given in Tables 6.4 and 6.5. 

As in the Clapp osci ll:llor, maximum frequency stability 
is obtained by the selection of a valve with the highest 
possible ratio o f mutual conductance to inter-electrode 
capacitances. A reactance modulator may be added for 
narrow-band freq uency modulation. Cathode keying is 
found to be satisfacto ry although screen keying is usually 
superior. 

T he Franklin O scillator 

The basic circuit principle of the Franklin oscillator is 
shown in Fig. 6.26. Herc two triodes VJ and V2 are con
nected as a conventional resistance-capacitance coupled 
amplifier. A rise of po tential applied at the grid of VI wi ll 
appear on the grid of V2 as a fall in potential, and again at 
the anode of V2 as a rise in potential though now of course 
considerably greater than its original magnitude. If sufficient 
feedback is provided lhrough Co to the grid of VI the whole 
amplifier will go into oscil lation at a frequency determined 
by the natural time constant of the circuit which wiU depend 
mainly on the values of the resistances and the capacitances 
CA a nd Co. T his is ca lled a multi-v ibrator. 

To convert the arrangement into a constant-frequency 

Fig. 6.26. Basic circuit to explain the operation of t he 
Franklin oscillator. See text. 

H.F. TRANSMITIERS 

Fig. 6.27. A practical Fran l<l in variable frequ ency oscillator. The 
tu ned ci rcuit is co upled to t ho va lves by the c;apacitors C l 
and Cl, both of whi ch ha ve ve ry sm~ll values, t ypically 1-S pFdepend· 
ing on frequ ency. For optim um stability, Cl a nd Cl •hould be tho 
lowest val ues needed to m aintain adequate osci llatio n. Al t hough 
separate triodes arc s hown , t win triodes such as the 12AT7 and tho 
11AU7 3 ro satisfacto ry. Tho h.t . s upply must b e stabilixed . 

osci llator of cont ro llable frequency, some means must be 
provided whereby the feedback or the loop gain is in
sufficient to maintain oscillation except at the desired 
frequency. This is done by inserting a parallel resonant 
circuit LC between the junction of C l and C2 and earth in the 
feedback path from V2 to VI : sec Fig. 6.27. This circuit has a 
low impedance except at its resonant frequency, and at any 
other frequency the feedback path is virtually short-circuited. 

If C l and C2 are reduced to a minimum possible value for 
maintaining oscillation. the frequency of oscillation will 
depend almost entirely on the natural frequency of the LC 
circuit. In practice suitable values arc found to be about 
I pF, thus givi1\g a high degree of isola tion of the tuned 
circuit from the remainder of the circuit. Variations in valve 
capacitance can only slighJy affect the tuning; further, the 
Q of the tuned circuit can be maintained at a high value 
since the load presented to it by the valve is s mall. 

No tappings are required on the coil, and the tuned circuit 
is earthed at one end. Both of these features are of great 
constructional advantage. 

The circuit may be used also as a crystal-controlled oscil
lator by subst ituting a crystal for the LC circuit. Owing to 
the high amplification available, oscillation is easily obtained 
with relatively inactive crystals al the frequency of parallel 
resonance. 

The power output obtainable is quite low a nd extra 
a mplification may be needed to provide adequate drive. 
Usually this type of osci llator wi ll be found to have poor 
keying characteristics and the keying should therefore take 
place in one of the later stages. 

To achieve the maximum frequency stabil ity the values 
of C l and C2 should be reduced as far as possible consistent 
with stable oscillation. The two capacitors should be varied 
together so as to be always approximately equal. 

Mixer Oscillato rs 
In a mixer type of v.f.o. the output voltage of a crystal 

oscillator is mixed with the output voltage of a variable
frequency oscillator of much lower frequency in a suitable 
valve mixer circuit. The sum or difference of these frequencies 
may be employed to control tile transmitter frequency. The 
degree of frequency stability attainable by this method on 
any part icular band is superior to that normally achieved 
by the use of the straightforward type of v.f.o. but the 

6.15 



RSGB--RADIO COMMUNICATION HANDBOOK 

additional complexi ty of the mixer arrangement has pre
vented it from becoming widely adopted . The principle of 
its operation is shown in block diagram form in Fig. 6.28. 

The reason for the improved stability is explained by 
considering the following ex<!mple. Suppose that the crystal 
frequency (j,) is 4·0 Mc/s ·and that the v.f.o. tunes from 200 
to 500 kc/s (/1). By extracting the difference frequency 
(f, - / 1) from the mixer by means of a frequency selector the 
output would cover the amateur band 3·5- 3·8 Mc/s. lf the 
v.f.o. is reasonably well designed its frequency should be 
constant within the limits of ± 6 c/s at 300 kc/s, which is 
only one part in 25,000; at the output from the mixer, i.e. 
in the range 3·5-3·8 Mc/s, this represents a stability of the 
order of one part in 300,000. F or comparison, a typical 
v.f.o. of straightforward design having an output in the 
same band would probably have a stability of about one 
part in 50,000. 

LOW 
FREQUENCY 

VFO 
200-500 kc/s 

[fl) 

fl 
f2 
fl+ 12 3·5-3·8Mc/s 

~--'-{2-'-,- fl ~·_tc __ --.[f2-~f_1J __ __, 
MIXER 

CRYSTAL 
OSCILLA'TOR 
4Mc/s [12] 

FREQUENCY 
SELECTOR 

(BAND-PASS 
COUPLER) 

AMPLIFIER 

· OUTPUT 
3·5-3·8 'Mc/s 

Fig. 6.28. Block diagram of a niixer-t·ypc v.f.o. The frequencies 
,shown would be suit:a.bfefor producing an output in the J·S Mc/s band. 

In the example given, the stability multiplication factor 
is 12. T his figure could be increased by using an even lower 
frequency for the v.f.o. but this would necessitate a crysta l 
frequency nearer to the required output frequency, and a 
point is eventually reached at which it is difficult to separate 
them in the succeeding amplifier circuits. The best compro
mise must therefore be foUDd. The figures given in the 
example should prove satisfactory for the 3·5 Mc/s band: 
a crystal frequency of 7·8 Mc/s in conjunction with a v.f.o. 
operating over a range of 500-800 kc/s should be satisfactor)' 
for the 7 Mc/s band. 

~~~--~~~.--~~~---oHT+ 

2SOV 

IOpF 

Fig. 6.19. Low-level mixing circuit for a v.f.o. showing typical values 
for;\ 6SA7. The values of LI ;and Cl ara solected 3$ for a normal 

t:ani< circuit. 
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:~~- HT+ RFC 

~--- VI), 
RFC 

INPUT FROM 
__ c_R_Y_ST_A_L_o_s~C~IL_L_A_T_O_R~---~---~---<>HT-

fig. 6.30. Push-pull mixing circuit (or "" v.r.o. usina 5crccn injection 
of the cry1tal·osdllator voltage. The v.f.o. voltaic is applied in 
push-pull either through a suitably t.3ppcd transformer :uranie .. 
mcnt or from a push-pul1 oscillator direc-t. Tho crystal-oscillator 
volt:tCO is b3l:in5~~a~~! !~r:~: a~~n:~cK~a~~dd68Htf.ut t.3nk circui t. 

A low-level mixer circuit similar to that used in supcr
hctcrodyne receivers is recommended: either a lriodc-hexode 
arrangemeni or a heptode such as the 6SA 7 shown in Fig. 6.29 
is suitable. The anode circuit LJCI is tuned to 1hc centre of 
lhe required frequency band and is coupled to a tuned buffer 
amplifier. Any of the orthodox coupling methods may be 
used instead of the capacitive coupling indicated. 

In another mixing arrangement, the crysta l-oscillator 
voltngc is applied in the same phase to the screen grids of a 
push-pull mixer whi le the v.f.o. voltage is applied in opposite 
phases to the control grids, as shown in Fig. 6.JO. Alterna
tively hcptocle or hexode mixer valves may be used with the 
v.f.o. voltage applied in push-pull to the control grids a nd the 
crystal-oscillator voltage in parallel to the oscillator grids. 
The crystal-oscillator voltages are then balanced out in the 
output circuit, leaving only the v.f.o. frequency and the sum 
and difference frequencies. These arc relatively easy to 
separate in the tuned anode circuit and in the following 
buffer amplifiers. 

Ideal keying characteristics may be more easily obtained 
with this type of oscillator unit. Neither of the two frequen
cies initfally generated falls within the amateur bands and 
thus the lwo oscillators may be left running continuously 
without fear of causing interference; it is only when mixing 
lakes place tha t other frequet1cies are produced. Jf the 
mixer itself is suitably keyed, the output in the required band 
wi ll be interrupted at a low power level nnd chirp can be 
avoided, provided of course that the effect of the changing 
load on the variable-frequency oscillato1· is negligible. 

Phase Locked V.F.O. 

The phase locked v.f.o. is relatively more complicated 
1han those already described, but it has advantages in 
transmi tters where the carrier frequency is high and large 
excursions io frequency are required. ln the phase locked 
system, the basic arrangement of which is shown in block 
form in Fig. 6.31, a low frequency oscillator directly governs 
the frequency of a high frequency variable osci llator in such 
a manner that tbe stability or the high frequency ;variable 
oscillator is equal to the stability of the low frequency 
oscillator. 

In many ways the control circuit of the phase locked v. f.o. 



resembles the automatic frequency 
control system employed in some 
v.b.f. receivers to overcome drift in 
the local oscil lator. T here arc of 
course differences since, in a receiver, 
the object is to maintain the oscillator 

C RYSTAL 
OSCIL LATOR 

II Mc/s 

locked on to a particular frequency, 
while in the phase locked v.f.o. the TO TRANSMITTER 

control system has to respond to 

I F 
AMPLIFIER 

3 - 4Md• 

, 

H.F. TRANSMITIERS 

PHASE 
OETECTOR 

in tentional changes in the fre-
quency of the carrier oscillator ~--- - ---- -- - - _,,;I 

aud then assume a new locked 
condition. 

Jn Fig. 6.31, a relatively high fre
quency variable frequency oscil
lator (usually operating at 
half the carrier frequency) has 

Fig. 6.3 1. Block diagram of a phase locked v.f.o. As t ho r cque ncy of the l.f. oscillato r is varied 
it affects the reac-tance valve which in turn tu nes th e h.f. oscill ator. When the i.f. is equal to 
the.1.f. oscillator, t he. system is s:.t.id to bo locked ; undor thcso conditions any change in the h.f. 
o sc:11fator produces a n o ut put fro m tho phase dot.cctor duo to the difference between l.f. and 
the l.f. oscillator frequencies which, v ia the reactan cc s tAge . :\utomatic:ally corrocts the h.f. 

oscillator. 

its actual operating frequency cont rolled by a reactance 
valve, while its output, in addition to being fed to the 
transmitter, is also fed lo a mixer. A frequency from a crystal 
controlled source is a lso f'cd to this mixer with the result that 
an intermediate frequency is produced, the frequency range 
of which will be either the sum or the difference between the 
upper a nd lower limits of the high frequency oscillator an d 
the crystal oscillator. This i.f. is fed to a phase detector, as is 
the output from a low frequency oscillator covering the 
same range as the i.f. 

The basis of the system is the phase detector. Only when 
the two frequencies arc precisely the sa me will the phase of 
their voltages be identical ; under other condit ions there will 
be a phase difference. The voltage from the i.f. amplifier 
and the low frequency osci lla tor are fed to the phase detector 
in such a manner that the output from the phase detector fed 
to the high frequency oscillator via a reactance stage adjusts 
the frequency of that oscillator until the output from the i.f. 
amplifier is exactly in phase with that of the low frequency 
oscilla tor, i.e. unti l the i.f. is of precisely the same frequency 
as lhat of the low frequency osci llator. Any drift in the h igh 
frequency oscilla to r will immediately reflect as a change in 
the intermecl iat"e frequency, and hence as a change in phase 
in the phase detector:; this will in turn apply a correction 
signa l to the rcactance modulator to rest.ore the h.f. oscillator 
frequency to that which produces an i.f. equal to the low 
frequency oscillator. Not only does the low frequency 

HF OSCILLATOR 
INPUT 

IK 

~-------..... OUTPUT 

LF OSCILLATOR 
-+--.--""""<JI INPUT 

I K 
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Fi e. 6.32. Usinr the 68 N 6 cued beam valve as a pha se detector. 
Provided that the inputs :ire in e.xceu of 2 volts, th• stage w ill 
f unction corre ctly. A w id aba.nd isolatinc amplifier should be 
inte rposed betwe en this phase detector and the re actanc.e control 

valve . 

oscillator physically control the frequency of the high 
frequency oscillator, but in addition, the stabili ty of the 
h.igh frequency oscillator must be virtually that of the low 
frequency oscillator. 

At the moment of switching on, there is almost bound to 
be a very considerable difference between the intermediate 
frequency and !hat of the low frequency v.f.o . In order to 
lock the frequency, the phase loop must have a wide band
width. Once the frequency is locked, however, a wide 
bandwidth is not needed. One way of overcoming the 
difficulties caused by the wide bandwidth is to arrange the 
circu it in such a man ner than upon switching on the band
width is wide enough co ensure capture of a lock, and then, 
after a predetermined time, fo r the circuit automatically to 
reduce its bandwidth. 

A part icularly suitable valve for use as the phase detector 
is the 6BN6 gated beam valve, a circuit for which is given in 
Fig. 6.32. 

SOLID STATE O SCILLATORS 

Solid slate o~cillators possess some obvious advantages 
over their va lve counterparts: smaller size, absence of 
heaters, good mccl1anical s tability and long-term electrical 
sta bility. The transistor possesses certain characteristics, 
however, which must be taken into account when using it to 
maintain an oscilJator circuit: 

(a) The low input and output impedances. 
(b) T he gain characterist ics arc frequency dependant. 
(c) The gain characteristics are also temperature 

dependant. 
(d) T he crystal or mned circuit may be excessively damped 

due to the low values of biasing resistors which are 
necessary. 

(e) The considerable spread in the characteristics of any 
given type of transistor makes individual bias adjust
ment advisable. 

(f) Because of the very low thermal capacity of the trans
is tor, it is subject to relatively rapid changes in tem
perature and must therefore be provided with an 
adequate heat si11k. 

(g) Transistors arc electrically fragile and care must be 
taken not to exceed the maximum permitted voltages, 
currents, and temperatures. 

The criteria applied to the oscillatory circuit, described 
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RI 

R2 

Fig. 6.33. Hartley transistor oscillator. 

under valve circuits, apply equally to the solid state oscillator. 
Most of the well-known valve oscillator circuits may be 

adapted to transistors, taking into account the difference in 
the parameters of the two devices. Examples of such 
circuits are shown in Figs. 6.33, 6.34, 6.35 and 6.36. 

The circuit of a transistor bridge type v.f.o. is shown 

330 -9V 
STAB 

O·OS 

820{1 

Fig. 6.l4. High stability transistor high C Colpitts oscillator. 

in Fig. 6.36. T he atlract ion of this circuit is that external 
conditions do not affect the tuned circuit and, by carefully 
balancing the bridge, the effects of temperature and voltage 
changes on the transistors can be reduced to ll1c point where 
they practically have no effect. Under such conditions, it is 
the reaction of the tuned circuit itself to temperature changes 
which will determine the ultimate stability. 

LI 20 
PF 

.-~ .... ~--~-+~--i...._~..._~,.... .... ~--o~~.......a + 

OUTPUT 
Jr 

Fie. 6.lS. Colpi tt< v.(.o. for JO Mcfs. LI, 4i turns o( 16 J.w.a. cn~m. wire 
close wound on t in. diam. former fitted with ferrite core. 
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The resistors R3, in parallel with which is the series 
tuned circuit, R5, R6 and R4 form the bridge circuit which is 
connected between the input and output of a two stage 
amplifier. At the resonant frequency of the tuned ci rcuit, R3 
is virtua lly shorted out, and the bridge cllanges from a 
negative feedback condi tion to a positive feedback circuit, 
and thus osciUation occurs at the resonant frequency of the 
series tuned circuit. The feedback level may be adjusted by 
changes in the value of R5 or R6. Increasing R5, or de
creasing R6, will resull in a higher level of feedback. 

RI 
2•2K 

~OUTPUT 

Fis . 6.36. Typical example of a bridse type tn.nsistor h.f. oscillAtor 
suitable for use u a v.f.o. 

The "synthetic rock " circuit due to W3J HR (Fig. 6.37) 
illus trates the principle of employing a capactive divider 
network to match the transistor to the oscillatory circuit in 
order lo prevent the low input impedance of the transistor 
damping the circuit excessively. 

Adequate buffering is essential in the transistor oscillator, 
as in its valve counterpart, but the transistor buffer stage is 
limited in its effectiveness by vi rtue of its essentially low 

+12v 

-12V 

Fig. 6.37. The " .syntheti c rocl< •• transistor v.f.o. de"igncd by 
WJJHR. 

input impedance and also by its •• transparency "; that is, 
its input characteristics arc effected by changes in output 
load. 

With the advent of the field effect transistor, all the 
advantages of a solid stale device, combined with charac
teristics directly comparable with the valve are avai lable. 
The FET is therefore th.e ideal device for oscillator applica
tions: it has l1igh input impedance, it is much less trans
parent than the bipolar transistor and it may therefore 
replace valves in conventional oscillator circuits, taking 
account of the operating voltages. See Fig. 6.38. For the 
same reasons FETs make excellent buffer amplifiers. 

The FET, although exhibiting pentode drain/gate (anode/ 
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Fie. 6.38. A solid sta te oscillator employing an FET. 

LI 

grid) characteristics, does not have the effect of the screen 
grid for input/output capacitive isolation and thus the drain/ 
gate (anode/grid) capacitance is comparable with that of a 
triode valve. In all strnight amplifier applications the FET 
must be neutral ized (Chapter 3- Semico11d11ctors). 

The F ET possesses a convenient square law relationship 
between gate voltuge and drain current, thus giving the 
device a linear relationship between gate voltage and g.,,. 
This permits amplitude control of the oscillator by rectifying 
the output and feeding it back to control the gate bias 
voltage, thus allowing class A operation with increased 
stabili ty due to reduction in the harmonic currents flowing 
in the device. ll should be noted that an IGFET cannot draw 
gate current corresponding to grid current in a valve. The 
gate voltage must be limited by a diode suitably connected 
between gate and source as shown in the above diagram. 

INTERSTAGE COUPLING METHODS 

Correct coupling between two stages is obtained when the 
input impedance of the driven stage is equal to the output 
impedance of the driver stage, resulting in the maximum 
transfer of power. The required condition can be secured 
in several ways, each of which has its own special advantages 
that make it more suitable for particular applications. 

Capacitive Coupling 
Various arrangements of capacitive coupling arc shown in 

Fig. 6.39. In its simplest form, shown in (A), a capacitor C3 
is connected from the anode of the a river valve VI to tbe grid 
of the next stage V2 in order to transfer the r.f. voltage from 
the driver tank circuit LlC l. ThecapacitorC4 shown clotted, 
represents the grid-to-earth capacitance of V2 wl1ilc R2 
represents the equivalent resistance of the driven grid 
circuit. Both C4 and R2 are effectively in parallel with the 
driver tank circuit LJ C l through the r.f. bypass capacitor 
C2 across the h .t. supply and if the coupling capacitor 
C3 is made too great, VI may be incorrectly loaded. As the 
load is increased, the Q or the tank circuit falls and a point is 
eventually reached at which the efficiency of the driver is 
lowered; moreover harmonics are then produced and may 
give rise to interference. 

The effect of C4 is likewise to reduce the L/C ratio in the 
anode tank circuit of VI and if it is large it must be allowed 
for in the design. A method of improving the L/C ratio of the 
tank circuit is 10 tap the grid of V2 into the coil as shown in 
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(B); the Q of the tank circuit is also increased and often 
the impedance matching between stages can be achieved 
more accurately with consequent greater power transfer. 
Besides adding to the mechanical complexity, however, the 
tapped-coil arrangement shows a tendency to generate 
parasitic oscillations. 

The resistor RI , which is the d.c. grid return for V2, 
is in effect also in parallel with the tank circuit of VI and if 
it were not for the r.f. choke (RFC) in series with it this 
resistance would present an extra (though small) r.f. load. 
The r.f. choke reduces the power loss in the resistor by 
reducing the r.f. current flowing through it, while the d.c. 
path remains unchanged. 

As shown in (C), a single-ended driver valve can be 
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Fig. 6.39. (A) S implest capacity coupling method which us ually 
re.suits in a high decree of harmonic t.ransfer from VI to V2. With 
this circuit accurate matchin1 between VI and Vl is difficult t:o 
obtain. (8) Provided t he impedance of the anode of V 1 is hishcr 
than that of the arid of Vl. u.ppin1 the coupling capacitor down 
LI may permit an acceptable match to be secured. (C) T he circuit 
of {A ) re·arrana:cd to d .. ivc v:.lvcs in push-pull. This circui t has the 
same general characteristics :u that shown in (A). To obtain equal 
drive. the capacitor CS may be needed to balance the anode to earth 
capacity of VI. The grid circuiu ofVl and Vl are symbolic only. no 

biasinc arranacmcnts beinc shown. 
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Fit. 6,40. Inductive couplina. A ba.nd-pan effec-t can be obtained by 
suitably close couplins between LI and Ll. LI C'-anode tank circuit 
of driver sta1e; LlCl-trid tank circu it of driven stage; Cl.-r.f. by-

pa.ss capacitor. 

coupled to a push-pull stage V2 :ind V3. In this case, the 
tank coil of V l is centre-tapped and is tuned by the spli t
stator capacitor C.I. T he r.f. voltages at the ends of the coil 
are equal in amplitude and 180 degrees out-of-phase a.nd 
are therefore suitable for feed ing direct ly to the grids of V2 
and V3. The rotor of the sp li t-stator capacitor must be 
earthed by the shortes t route possible, preferably direct on 
to the chassis. If this is not do ne, the inductance of the 
connection may be sufficiently great to prevent harmonics 
from being adequately bypassed to earth and interference 
through the inadvertent radiation of these harmonics may 
result. 

Inductive Coupling 

Inductive coupling between stages has several distinct 
advantages as compared with C.'lpacitivc coupling. The basic 
circuit a rrangement is shown in Fig. 6.40. 

To understand these advantages, consider the two tuned 
circuits LICI (primary) and l2C2 (secondary), loosely 
coupled by a small degree of mutual induction between the 
coils, and suppose that each of the circuits resonates separ
ately at a frequency f If an r.f. voltage of variable frequency 
is applied to the primary of tl1is arrangement and the 
resulting output voltage across the secondary is measured, 
the variation of output voltage with the frequency of the 
applied voltage will be in the form shown in Fig. 6.41, curve 
A: i.e., the circuit would possess considerable selectivity 
with a single peak at the frequency f If the coils are now 
brought closer together, thus increasing the coupling 
between windings, the curve obtained on repeating the 
measurement will become Fl atter and U1e output voltage at 
the peak wi ll be slightly higher, as depicted in curve B. Fur
ther tightening of the coupling causes the response to become 
still flatt er until, after a certain crit ical value of the coupling 
has been reached (curve C), two peaks separated by equal 
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RF OUTPUT 
VOLTAGE 

FREQUENCY 

Fig, 6.41. Variation of 
output voltage with 
frequency for the in
ductively coupled cir
cuits shown in Fig. 
6.40. The curve C 
indicates the condi· 
tions known u " cri
tical coupling" the 
output voltage beinc 
constant over approxi
mately a 5 per cent 
variation in frequency. 

amounts on opposite sides of the central frequency appear, 
with a pronounced dip at the centre (curve D). The value 
of coupling just below that wltich causes the appearance 
of the two peaks is known as the critical coupling. Wben 
the circuits are in this condition, it is found that the output 
voltage remains virtually constan t over quite a wide fre
quency range, often as much as 5 per cent of tbe central 
frequency, and also that on ei ther side of the flat top of the 
curve the voltage falls away somewhat more rapidly than 
in the single-peaked curve obtained with looser coupling 
(such as curve A or curve B). A pair of resonant circuits 
having critical coupling, and therefore exhibiting a flat
topped characteristic, arc referred to as a bandpass or 
1ddeba11d coupling. 

The bandwidth (i.e. the frequency range over which the 
output voltage remains within specified limits, usually 3db) 
of such a critically coupled arrangement is about l ·4 times 
that of a siugle tuned-circui t coupli1Jg. The overall ba nd
wic.Jt 11 of a series of stages coupled by double-tuned circuits, 
as might be used in a drive unit, narrows much less rapidly 
as the number of stages is increased, compared with single 
tuned-ci rcuit coupling. The same applies to doublc-tw1ed 
circuits irrespective of whether they are coupled by mutual 
inductance, common inductance or capacitance, o r by link 
coupling as described in the following section. 

The practical advantage gained therefore by the use of 
a properly adjusted bandpass system is tliat after the initial 
sett ing up of the circuits, the drive lo the final stage can be 
made to remain virtually constant over the width of an 
amateur band without the necessity of any tuning adjust
ments. 

The circuit shown in Fig. 6.40 is a simple practical bandpass 
coupling arrangement. To avoid capacitive coupling effects 
which would modify the bandpass characteristic in an 
undesirable and unpredictable way, the grid end of the 
secondary winding should be si tuated at the opposite end 
from the anode end of the primary. lt is quite a simple 
malicr to measure the frequency-response characteristics 
(as typified by Fig. 6.4 J) merely by using the v.f.o. as the 
source of variable-frequency input voltage and observing 
the variations in the grid current of the driven stage. The 
voltage p roduced by the v.f.o. (or by an untuncd buffer 
stage foUowing it) can be assumed to be reasonably constant 
over a limited frequency range. The con-ect degree of in· 
ductive coupling can then be found from a progressive series 
of measurements . If the bandwidth obtained with critical 
coupling is found to be too small, it is usuaUy possible to 
broaden it by increasing the ''/c ratio of the tuned circuits. 

Sometimes it can happen that at first only one voltage 
peak is observed, although in fact the over-coupled case 
shown in curve D is beiJ\g obtained. The other peak may 
be lying outside the range of measurement. 

Bandpass Couplers 

The use of bandpass couplers iu a transmitter not only 
reduces the possibili ty of radiating spurious signals, but 
brings about a worthwhile reduction in the number of 
controls required for the r.f. driver section. While such 
couplers have these advantages, their use does invariably 
require somewhat higher power to be developed in the 
driver stages than that needed in the case of single tuned 
circuits. This however is a small price to pay for the increase 
in operating c-0nvenicnce. 
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Fig. 6.4.2. Gene:r·al construction of widcb;and couplers for tho amateur 
bands 1·8 Mc/s-28 M c/s. Standard n in. diameter formers are 
employed complete with $C:recnina: c:- ns. Both windinas are in the 

same sense. Further details arc &i ven in Tabla 6.6. 

The construction of a bandpass coupler is shown in Fig. 
6.42 and winding details in Table 6.6. No additional 
capacity is required across the windings except on 1 ·8 and 
3·5 Mc/s. The capacity provided by the valves is wf'ficient. 

The C-Ouplers arc constructed on standard )~ in. diameter 
i.f. former assemblies fitted with screening cans. To assist 
in the winding, a length of adhesive paper has fitted to it a 
narrower piece in such a manner that part of the length of 
the narrower strip is i.n contact with the adhesive of the 
wider strip. The combined pieces arc then wrapped round 
the former with the adhesive of the narrower piece in contact 
with the former, ancl tbe adhesive of the wider section 
exposed. The winding is then made over the exposed 
adhesive. On the three lower frequency bands the windings 
are layer wound. Once one layer has been completed, a 
layer of tape should be wound over it before starting the 
next layer. 

The actual winding should commence wiib the primary. 
When this is completed, the secondary should be started 
with the link over the primary first, and then progress on to 

the main secondary winding. Four 18 s.w.g. tinned copper 
spills should be affixed, one to each terminal eyelet, and the 
windings terminated as indicated in the diagram. 

As it may be necessary to adjust the position of the link 
winding on the 28- 30 Mc/s coupler in order to achieve a level 
response, it should not be too tightly wound over the 
primary in the first instance. 

While these couplers are primarily intended for use with 
6BW6 valves, there is no reason why they should not be 
employed with similar types so long as the mutual conduct
ance and the grid anode capacities of the substitute do not 
differ very great ly. 

In the actual alignment, tbc primary (lower) core should 
be adjusted to give the required drive al the lower end of the 

TA BLE 6.6 

Amateur Number o( Turns 
Band Primary Link Secondary Wire Capacity ---1·8 Mc/s 65 + 60 + SS 16 60 + SS+ SO 40 s.w.c. 10/ IS pf 

3·S Nc/s 33 + 32 .. 31 9 30 1- 29 + 28 32 s.w.,. 5 pf 
7 Mc/s 2S + 25 s H + 22 32 s.w.g. Nil 
14 Mc/s 2~ 3 H 32 s.w.z. Nil 
2 1 Mc/s 18 I 18 28 s.w.g. Nil 
20 Mc/s 13 2 ll 29 s.w.g. Nil 

Tho primaries and sccondnics of tho throe fow<:r frequenc y ringes are 
l:Jyer wound. All wires arc cn01mcllcd. Each winding is f'itced with a dust 
iron core. 
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band, and the secondary (upper) core for the same value 
of drive at the high frequency end of the band. The adjust
ments will tend to interact to some extent, and it will be 
necessary to go back and forth to arrive al a condition where 
the drive is reasonably level from one end of the band to the 
other. lf it is suspected that a particular winding cannot be 
ttmed sufficiently in an h.f. direction a brass core can be in
serted in place of the iron core to confirm that there is ex
cessive inductance. 1n some cases, it may be foimd that the 
use of a brass core will provide the required lWling range, 
and that modification to the winding is not necessary. 

These couplers will provide more than adequate drive 
from a 6BW6 driver stage to a 6146 p.a. either single ended 
or push-pull . On the lower frequencies it may be necessary 
to fit a variable potentiometer iH the screen supply of the 
driver valve in order to reduce the grid drive lo the correct 
value. 

Linl< Coupling 

The practical disadvantage of simple bandpass jnductivc 
coupling between a pair of tuned circuits is that it may be 
difficult to arrange for the necessary mechanical adjustment. 
This can be overe-0me by using a variable link C-Oupling 
between the two coils. 

A small coil haviog a very fe\•' turns o f wire is coupled to 
the driver tank circuit, th.us transforming lhc output from a 
high impedance to a low impedance. /\. llcxible transmission 

(A) 

INPUT 

DR IVER 

(B) 
.---L-IN-K--~--0 HT+ 

€\; 
LINK 
COi L _,,_,~~ 

INPUT 

DRIVER 

Fig. 6.43. Link coupling. The arr:mgement :it (A) is used for couplin1 
two single-ended s tages, while (B) shows how a s inglo-ondo d 
driver can be coupled t,o a push-pull amplifier. The link coils 
must afw·ays b.:! placed a t t he 0 cold " and of th e tuned .. 
circuit inductances to a.void unwanted capacitivo couplin1. Su itable 
numbers of turn.s for t he li nk coils 3r"e ;u follows: 

I 
Frequency ( Mc/s) 

__ Numb~r of turns 1~1~-1 ___ 14_1_2_1_1~1 
6°8 4.5 3 2 I I 

In certain circumstances it may be desirabl e to c;uth ono side o f the 
link line. 
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(A) 

(B) 

Fig. 6.4M. Par·a llcl 3nodc feed in C:lpacitance-coupled :a.mplifiars. In 
these arrangemt!!nts the resonant circ.uit LC is th• anode load. In 
(A) the bias for Vl is applied t hrouch the grid choke RFCl whereas 
in (B) it is a,..plicd in scricti w ith the tuned c ircuit. Clj isolati ng 
c:ouplin.c capacitor (O·OOl .. 0·01 11. f)(• Cl, inter-stage coupling capacitor 
( 100 pf); Cl, bypass upacitor 0·001·0 ·01 µ F) ; LC, tank circuit of 

driver stase VI . 

line transfers the energy at this low impedance 10 another 
similar coil coupled to the tuned input circuit of the driven 
valve where it is again transformed to the high impedance 
value required by its grid: sec Fig. 6.43. The degree of coup· 
ling is adjusted by a ltering the position of either of the 
link coi ls or by a ltering the number of turns in them. 

The link coils shou ld be situated at the "cold" or 
" earthy" ends ( i.e. the ends having zero r.f. potential) of 
the tank coils since the capacitance coupling which exists 
between the link and the tuned circuits will otherwise 
result in spurious tuning cffecls and the transference of 
unwanted harmonics. Lt is also beneficial to earth one side 
of the link circuit because this eliminates the possibility 
of stray capacitive coupling between the tuned circuits 
through the link. 

The link line may in theory be or any length, but in 
practice, unless it is limited to about 2 ft. the resulting 
reactance presented by the link may make adequate coupling 
difficult. However, if the line is initially adjusted to have 
a " flat" characteristic, this difficulty should not arise. The 
link reactance may also be tuned out by making the link 
circui t resonant ; this is usually accomplished by the addition 
of capacitance in parallel o r in series with one of the link 
coils. The method is no t a lways satisfactory since the correct 
adjustment varies with the operating frequency and the 
losses in the line and the radiation from it are i.ncreased. 
A fur1her advantage of link coupling is that it simplifies 
the problem of coupling a single-ended stage to a push-pull 
(or push-push) amplifier, as shown at (8) in Fig. 6.43. 
Balanced low-impedance line, such as na1-1win cable of 
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75-ohms impedance, is suitable for this purpose; co-axial 
cable (oute r braid earthed) can a lso be used and may be 
desirable in o rder to reduce radiation from the line. 

Para llel Anode Feed 

If desired, the d.c. anode voltage of the driver valve can 
be removed from the associated coupling components 
in any o f 1he coupling arrangements so far described. The 
basic princ iples arc shown in Figs. 6.44 and 6.45. The choke 
RFC I presents a high impcc!nnce over a reasonably wide 
range of frequencies inc luding the operating frequencies, 
and the nccessnry r.f. voltage is developed across the tuned 
circuit to which it is coupled through the isolating capacitor 
Cl. 

Apart from the increased factor of safety achieved by 
removing the anode voltage from the tuned circuits, the 
peak voltage across the tuning capacitor is reduced and one 
of smaller voltage rating may therefore be used- a matter 
of some importance in high-power driver s tages or power 
amplifiers. The capacito r C J should be rated to withstand 
the d.c. 11node voltage plus the peak r.f. voltage and should 
prefernbly have a mica dielectric. 

R.F. Chokes 

As mentioned above, the r.f. choke must present a high 
impedance at the operating frequency. If the latter is 
variable over a very wide range as in an multi-band trans
mitter covering J ·8- 29·7 Mc/s appreciable losses may occur 
in the choke owing to the effects of self-capacitance and 
perhaps resonance. The di01culty may be partially overcome 
by the use of two or more different types of chokes connected 

.INPUT 

Fig. 6.45. Parallel a node feed In an inductively-coupled amplifier. 
Cl, Isolating capacitor (O·OOl-O·Ol 11.F); Cl, bypass capacitor (0·001 . 

O·Ol 11.F); LI , Ll, mutually coupled coi ls. 

in series. A good compromise for an all-band choke is one 
having an inductance in the region of 2·5 mH, but its self
capacitancc should be low. 

Where r.f. chokes arc present in both the grid and the 
anode circuits o f a valve amplifier, it is advisable to make 
them of different inductance values s ince otherwise there is 
a possibility of low-frequency parasitic oscillations being 
generated by feedback in the tuned-anode/ tuned-grid 
circuit thus formed. 

Interstage Pi-Network Coupler 
The pi-network coupler is often used for delivering power 

to an aerial or an aerial feeder but it is equally suitable for 
coupling together two intermediate s tages as shown in 
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INPUT Cl 

BIAS 
Fig. 6.46. Inter-sure pi-network coupler. By varyinc Cl a nd Cl the 
impedances o f the two staies c:an be m atched : see t.exc fora design 

data. The blocking capacitor m a y ba 0·001-0·0 1 µ F. 

Fig. 6.46. The impedances of the two stages can be matched 
by adjusting the tuning capacitors C l and C2. The properties 
of pi-network couplers are further discussed on page 6.41 acld 
the method of finding the coil and capacitor values is given. 
When used as a matching device between two class C stages 
the following values may be taken: 

Load required by driven stage
(0·57 x Vi1>2 

R, = p 

where v.., = d.c. anode voltage 
P = output power in watts (input power to driven 

stage). 
lnput resistance of the driven stage 

6·22 x p $ 
R, = !2 x 10 

• 
where P - total power to grid circuit of the driven stage 

I , = d.c. grid current in milliamps. 
The total power P to the grid circuit depends upon the 

biasing arrangement used. For example, if the bias is derived 
by current through a grid resistor and this resistor is not 
isolated from the grid by an r.f. choke then it must be added 
in parallel with the resistance R2 derived above. In addition, 
the value of P used in tJ1e formula is not only the driving 
power required for the valve alone since the driver has to 
supply power for lhe bias circuit ilself. Where the bias is 

LI 
R2 

C3 RI 

(A) (B) 

Fig. 6.47. Collector to tuned circuit matching. In the common 
emitter modo of A the output ;mpeda nc.e is low and the collec:tor 
is ta.pped dow n the' tuned circuit at a point eq ual to its imp~dance. 
in the common base n1odc shown in B the output impedance is high 

a nd no tap is required on the co il of th• tuned circ:uit. 
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derived from th1: now of grid current through a grid resistor 
the power loss in the circuit will be l/R watts where I, is 
the d.c. current through the resistor and 14 the value of the 
resistor in ohms. Jf the grid resistor is isolated from the 
grid by an r.f. choke the shunting effect can be ignored but 
the bias power 1,: I~. must sii ll be included in P in the 
formula. 

In lhe case of fixed bias obtained from a source isolated 
from the grid by a choke or tuned circui t, the power Joss in 
the bias circuit is I, V, where I, is the d.c. grid current and 
Vg the bias voltage. Again there is no shunting effect. 

The formula for R1 may be expressed in terms of anode 
supply voltage and anode current. lf the efficiency is assumed 
to be 70 per cent when operating at the fundamental, 50 per 
cent when doubling and 30 per cent when tripling the 
expressions arc: 

F1111da111e11tal 
(0·57 x Vi.)• v 

(Vi, x J.,) = 460 ~ ohms 
0·7 IOOO 1. 

Third Harmonic 
(0·57 x V..,)• 

(V.1 x 10 ) = 
O· 3 ·---rooo 

v 
650-~' ohms 

'· 
1080 v.., ohms 

1. 

The pi-network coupler also acts as a low-paS$ filter and 
therefore helps 10 prevent the transfer of undesirable har
monics from the driver to the following stages. In fact, the 
harmonic output from a transmitter stage using such a 
coupler is Jess than that produced by a norma l tank circuit 
of the same Q by a factor of l /11' where 11 is the order of the 
harmonic. 

Transistor Interstage Coupling 

T he methods of coupling employed in valve circuits may 
also be used with transistors, allhough greater care must be 
taken in matching. For example the collector impedance of a 
transistor working in a common emitter mode is sub
stantially lower than that of a thermionic valve anode. To 
attempt to co1tncct it directly 10 a parallel tuned circuil 
would load the circuit so heavily that no appreciable Q 
could be realized. When a transistor is employed in a 
conunon emil ter contiguration, the collector has therefore 
to be connected to a tap on the tuned circuit at a point 
corresponding to the output impedance of the transistor
see Fig. 6.47(A). When a transistor is operated in the 
common base mode (signal applied to the emitter) the 
collector impedance is high, and adequate Q can be achieved 
without the need for a tap on the coil of the tuned circuit
scc Fig. 6.47(B). 

F rom a functional point of view, there are two differences 
between common emitter and common base modes of 
operation. The common emitter configuration is a current 
amplifier, whereas the common base configuration is a 
voltage amplifier. In addition, the degree of isolation 
between the input and output is considerably higher in the 
common base mode, from which it follows that it will per
form satisfactorily at higher frequencies. The common 
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TAP AT I/8th to 
1/IOlh TOTAL 

TURNS ) 
L I 

c1V~2 
RI 

(A) (8) 

(C) ( D) 
Fig. 6.48. T ranJiStor input coupling. Oi:a.s:rams A and B show the 
base and emitter fed from taps on the tuned circuit. The prcfcrr(!:d 
methods are those shown in C and D since they both permit c3.sicr 

adjustment oft.he drive :tnd the matchinc. 

emitter arrangemen1 is similar to a conventional triode 
amplifier, while the common base arrangement is analogous 
to a grounded grid triode stage. As the common base mode 
has a high output impedance and will produce reasonable 
levels of peak-co-peak voltage, it is commonly used in 
hybrid designs in which it is required to couple fro m tran 
sistors to valves since it permits e ither link or direct 
capacity coupl ing to be employed. 

The input of the common emitter ci rcui t has a somewhat 
higher impedance than the input of the common base con
figuration, although both arc low and so require suitable 
tapping points on the circuits feeding them- sec Fig. 6.48{A) 
and (B). In place of a direct tap on a tuned circuit, it is more 
usual in transmitter practice to feed the base or the emitter 
from a suitably proport ioned link winding coupled lo the 
circuit in the collector of the preceding trans is tor (Fig. 6.48(C) 
and (D)). Even with mutually coupled circuils including 
wideband couplers, this has cer1ai11 advantages. ln the 
power s tages of transistor trnnsmittcrs ii is usual to use 
pi-coupling. 

Transistor inters tage ampliuers in trnnsmitters norma lly 
function in class B or class C, the actual class of opera tion 
depending on the drive and the voltage developed across the 
resistor RI in Fig. 6.48. Some forward bias may be used as 
shown in Fig. 6.48(A) and (B) but lhis is not usua l unless 
class A operation is required when 1hc level of the drive has 
to be reduced accordingly. 

FREQUENCY M ULTIPLIERS 

A power output at a multiple of the genera led frequency is 
often required iii amateur transmitte rs to obiain, for 
example, multi-band operat ion or merely to gain the ad
vantage of the higher frequency s tabi li ty which rcsuhs from 
operating the oscillator on a relat ivcly low frequency. 
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Frequency multiplication is made possible by the distor
tion of the anode-current r.f. waveform which occurs in a 
class C amplifier stage. As described on page 6.25, the current 
in such an amplifier flows only for a short time during the 
cycle in the form of pulses. H can be shown that such a 
series of pulses is composed of a number of sine waves of 
freq uencies, f, 2f, 3f a nd so on (where/ is the fundamental 
or input freq uency), the amplitude of tbese har111011ics as 
they arc ca lled gradually diminishi.ng with increasing order. 
Their relative amplitudes depend upon the shape of the 
pulse, which is determined by the operating conditions of 
the valve. /\ typical frequency rnuliiplier circuit is shown in 
Fig. 6.49. 

By inserting a parallel-tuned circuit in the anode circuit 
of the valve, resonant at the required harmonic frequency 
and therefore offering a high impedance at this frequency, 
the passage of the harmonic current produces a correspond
ing voltage-drop across the circuit. The tuned ci rcuit in 
this way acts as a selector for the appropriate frequency. 

In order lo increase the energy of the harmonic current 
conta ined wi thin the pulse, and therefore the efficiency of 
the va lve as a frequency-multiplying device, it is desirable 
to reduce the angle of flow of current (defined on page 6.25) 
to values somewhat below the normal class C amplifier 
levels. e.g. 90 degrees or less. This is accomplished by 
increasing lhe grid bias to beyond normal cla.ss C operation 
and driving tJ1c val\'c wi th a high r.f. grid voltage. 

The maximum power output obtainable at various har
monic frequencies in a frequency-multiplier stage, relative 
to the output a t the fundamental frequency are-

Second harmonic 55 per cent 
Third harmonic 35 per cent 
Fourth harmonic 25 per cent 

The fourLh harmonic is the maximum degree of mul tiplica
tion usually attempted in one stage, although for low output
powcr requirements a frequeocy mul tiplication of up to 
seven or eight is occasionally used. 

The increase of harmonic output power obtained by this 
method may be found to aggravate the problem of avoiding 
i111crfercncc. fn general a frequency-multiplying stage 
should be operated at the lowest possible power level and 
preferably it should be followed by a further buffer amplify
ing stage before being used to drive the final power amplifier . 

Neutralizat ion of a frequency-multiplier is not required 

Cl 
~......,-~'---.
INPUT 100 

f pF 
C4 
0·005 

Fi g. 6.49. T yplc:al sinele ended frequency multiplier. T he a node 
ci,.cu it ohould resonate at the desired m ult iple of the input fre quency 
(. Th is circuit illu11trat~s t he m e thod by which varyi ng t he scrt?on 
potcnti;il varies the drive t o t he following s tage. Primary bias is 
<lMcloocd by grid current through RI . Rl is fi t ted to eivo protective 

bl<as in the even t o f d rive railure. 
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3 
INPUT 
[!] 

)' [2f] 
OUTPUT ~~ 

etc 

Fig. 6.50. (a) A push-push requcncy multiplier. Outpu.t from this 
circuit is only obtained on even order harmonics, 1.e. second, 

four'th, etc. 

even with triodes since the grid and anode circuits are tuned 
to different frequencies, and sel r-oscillation is not possible. 

Push-push Doubler 
To improve the efficiency of frequency multiplication at 

the e11e11 harmonic frequencies a push-push doubler is often 
used: see rig. 6.50 (n). The anodes of the two valves are con
nected in parallel to the normal tank circuit, whereas the 
grids arc driven in push-pull. The tuned circuit thus 
receives pulses or current alternately from the two anodes 
and the harmonic energy supplied to the tuned circuit is 
thereby doubled. When operated as a doubler, such a 
stage is capable of giving efficiencies approaching that of a 
straight class C amplifier; al the higher even harmonics the 
output is correspondingly increased. 

Push-pull Frequency-Multipliers 
To increase the efficiency of a multiplier stage al odd 

harmonics a true push-pull circuit such as is shown in Fig. 
6.50 (b) may be used, both the grids and the anodes being 
connected in push-pull. In this case, the even harmonics are 
self-cancelling in the anode circuit and the odd harmonics 
arc reinforced. 

Design Featu res and Adjustments 
Although triodes may be suitable for frequency multi

plication, the drive-power requirement for tetro?es or 
pentodes is much lower. In many amateur transmitters a 
drive unit consisting of a number of successive pentode 
frequency-multiplying stages preceded by a v.f.o. or crystal 
oscillator arc used. All these stages arc operated at low 

HT+ 
RFC 

L2 OUTPUT 

3 
INPUT 
[f] 

: [~~] 
etc 

Fig. 6.SO(b). A push-pull frequency multiplier. Output fr?m 
thi s circuit i~ only obtained on odd order h:lrmonlcs, i.e., third. 

fifth, etc. 
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power to reduce the possibility of TVI and other forms 
of interference. The output of any of these multiplcr stages 
may be selected at will to provide drive for the power 
amplifier on the desired frequency band. 

In modern designs, the coupling between stages is in the 
form of wide-band couplers as described in the previous 
section which give a notable reduction in the lransrerence 
of undesired harmonics. Furthermore, once the circuits 
have been initia lly tuned no further adjustments are 
necessary. 

The first step in setting up a frequency-multiplying stage 
is to reduce its h.t. supply voltage. The drive can then be 
applied and the grid circuit adjusted to resonance (as indi
cated by a maximum reading on the grid-current meter). 
On varying the tuning of the anode circuit one or more 
dips in the value of the anode current will be noticed, 
corresponding to resonance at the various harmonic fre· 
quencies. The dips become progressively less deep as the 
order of harmonic selected is increased. 

The possibility of tuning to an incorrect harmonic should 
be borne in mind and it is advisable to check the frequency 
with a soi.table absorption wavemetcr coupled to I.he tank 
circuit; alternatively the enect of the absorption wavcrncter 
on the anode current of the multiplier at resonance can be 
observed. 'The current should vary as the wavcmctcr is tuned 
through the harmonic frequency. 

POWER AMPLIFIERS 

As already explained, the generation of r.f. power must be 
at a low level to ensure complete stability. The power level 
is raised to the desired value by means of r.r. amplifiers. The 
amplification must take place without the introduction 
of any spurious or harmonic frequencie.~ which if radiated 
might cause undue interference to olher services. According 
to the terms of the Amateur (Sound) Licences the maximum 
d.c. power input to the anode circuit of the final amplifier 
must be limited to certain specified values, depending on 
the frequency band in use and other factors, and therefore in 
order to radiate the greatest possible power for the limited 
input the anode-circuit efficiency of the amplifier (i.e. con
version of d.c. power to r.f. power) must be as high as pos
sible. For this reason and also on the grounds of economy, 
the two classes of r.f. power amplifier in common use for c.w. 
and a.m. operation arc the class Band class C types described 
below. 

Class C Operation 

!11 a class C amplifier the standing grid bias voltage is 
increased to approximately twice the value required to 
cut off the anode current in the absence of r.f. drive to the 
grid. The r.f. drive voltage m\1st be of sufficient amplitude 
to swing the grid potential so far that it becomes positive 
with respect to the cathode during the positive half-cycle. 
The resultant anode current is thus in the form of a suc
cession of pulses. flowing only during a part of the r .f. 
drive cycle; the " angle of flow " (which measures its dura
tion) is usually about 120 electrical degrees in a class C 
amplifier, i.e. about one-third of a full cycle (360 degrees), 
whereas for comparison the angle of now in a class D ampli
fier is 180 degrees. 

Fig. 6.51 shows the conditions existing in a class C ampli
fier. The broken horizontal line AB at about one-third of the 
peak pulse height represents the mean anode current during 
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GRID VOLTAGE 

~ 0 
..!. 0 

"' 3 
0 

- Anode-current 
pulse (one 

~/ per cycle) 

Mcon onodc 
S current over 

· - ·-one fu ll cycle 

10 0 ° 360° 
CYCLE------ ->-

fig. 6.SI . Class C operation. The valve is biased by a voltase which 
is not less than twice that required to a iva anode current cut-off 
uhder d.c. conditiont. The si.,nal volt011e applied to the grid must 
be or sufficient amplitude to swing tho arid positive with respect 
to tho cathode, causing grid current to now. The r"Csulting anode 
current nows in the form of a sinalc pufso for e ach erid c:yc:le. 

one cycle, as would be ind1cmc:e1 by a moving-coil milli
ammeter. 

Al th ough the anode current tlows in the form of pulses, 
the r.f. voltage developed across a resonant circuit connected 
to the anode is approximately sinusoidal. This is due to the 
" flywheel " action of the resonant circui t, i.e. its tendency 
to allow the oscillations to continue after the removal of 
the current puJse. 

As the angle of now of anode curren t is reduced the 
efficiency increases. This is accompl ished by increasing the 
negative grid bias and increasing the drive, which results 
in increased peak ampliludc of the anode current pulses 
and increased peak anode current. Because Ille pulses 
are narrowed the power output will fall, but due to the 

Mton onodc 
currtnt 

Anod~
curr~nt 
pulses 

:0° 180° 360° 540 
;-< · I CYCLE· >; 
: ,, . .. , 
, I \ : I\ 
' I \ o I \ 

:/ \ !/ \ y___:_, ,, \ 
I I 
I ,' 
I I ,,., ' 

f '·· 
Voltogc across onodt 

tonk circuit 
(not to scole) 

fig. 6.Sl. Class B operation. The ~node-current pulses are approxi .. 
ma_tely of half ... cycle duration and apprecioiblc arid current nows 
owing to the positive incursions of the add drive voltage:. 
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increased efficiency ii will fall proportionately less than the 
anode input power. The increase in efficiency achieved by 
narrowing the angle of flow to less than 120 degrees is small 
and is rarely worthwhile. Taking into consideration the 
increased drive and the higher peak current which the valve 
must provide, the efficiency to be expected at 120 degrees 
is about 75 per cent. 

Class B Operation 

In the class B amplifier, the anode-current pulses flow 
for approx.iroately 180 degrees, i.e. half of the r.f. cycle as 
indicated in Fig. 6.52. The negative grid bias is sufficient to 
reduce the anode current in the absence of drive onJy to 
the cut-off point, and the applied grid voltage swing drives 
the grid slightly positive once in each cycle, as represented 
by the shaded areas. 

Owing to the larger angle of now the anode efficiency is 
less than in class C operation, but even so it may reach 
60-65 per cent for c.w. operation. The r.f. voltage in the 
output circuit is proportional to the r.f. grid excitation 
voltage; i.e. the power output is proportional to the square 
of the grid excitation vol tage. This class of amplifier may 
therefore be used for the amplification of amplitude
modulatcd signals (including single sideband signals). Since 

RF 
INPUT 

3 

HT+ 

HT-

Fig. 6.Sl. B:uic triode amplifier c ircuit. 

the anode efficiency varies with the grid excitation level, the 
mean efficiency for the amplification of modulated signals 
is considerably less than the vaJuc of 60- 65 per cent quoted 
above and is dependent on the nature of the amplified signal. 

Linear amplifiers operating in class B arc considered in 
detail in Chapter l 0- Single Sideband Tra11smissio11. 

Triode R.F. Amplifiers 

The fundamentaJ circuit of an r.f. amplifier using a triode 
is shown in Fig. 6.53. The grid is connected to a tuned 
circuit which is coupled to the osciJlator or driver valve by 
any of the means previously suggested, while the output is 
derived from a resonant anode circuit, which is tuned to the 
same frequency as the grid. 

It will be noticed that this basic circuit corresponds to that 
of a tuned anode/tuned grid oscillator. Unless something 
is done to prevent it, the amplifier will oscillate at a frequency 
determined by the tuned circuits due to the feedback from 
anode to grid through the inter-electrode capacitance. OnJy 
in peotode or tetrode valves designed specifically for r.f. 
work will the anode/grid capacitance be small enough to 



prevent the occurrence of ~elf-oscillation. An 807 ror 
example has an anode/grid capacitance of about 0·25 pF 
and will not generally oscillate on any amateur h.f. band 
unless the layout is poor. Poor layout cnn cause an increase 
in effective anode-grid capacitance due to wiring, use of 
poor quality valveholders, etc., or may permit ~ufficient 
inductive coupling to exist between anode and grid tank 
circuits to cause self-osci llation. 

\\'bile it is considered advisable to neutralize pentodes 
and tctrodes, all triodes, without exception, must be 
neutralized when employed as straight amplifiers in the 
grounded cathode mode as Fig. 6.53. The subject of 
neutralization is dealt with in more detail later in this 
chapter. 

When adjusting a triode amplifier for the first time. the 
following is a guide to the procedure which should be 
adopted: 

(a) Connect the stage to a suitable dummy load. 
(b) Reduce the neutralizing feedback to minimum, i.e. 

set the capacitor NC to minimum or reduce in
ductive coupling to minimum as appropriate. 

(c) Without applying Ju. to this power stage, apply 
drive to the grid circuit and tune for maximum grid 
current. Reduce the dri\·e coupling as necessary to 
maintain the grid current at the required value. 

(d) While observing the grid current tune the anode 
tuning condenser over its full range, as it passes 
through resonance a sharp dip will be observed in 
the grid current. Increase the neutralization until 
this dip is just reduced to minimum. The s tage is 
now neutralized. 

(e) Reduced h.t. may now be applied and the tuned 
circuits and the drive level readjusted. 

(f) If operation is satisfactory under reduced h.t. then 
full h.t. may be applied. 

(g) Check the stability of the stage by removing the 
drive: key-up in a c.w. transmilter and noting that 
the anode current falls to the desired quiescent value 
and remains so for a ll settings of the anode tuning 
capacitor. 

It will be found that the r.f. power output increases as the 
drive is increased. The power output continues to rise to a 
point beyond which no further increase is achieved: the 
amplifier is then said to be saturated. The drive power 
should be set slightly higher than tbc level at which sa turation 
commences; a t this point, the anode current can be adjusted 
to the value corresponding to the required power input by 
increasing the load coupling. Slight readjustment of the 
tank tuning capacitor may then be required. Finally, tl1e 
excitation should again be varied to ensure saturation. It is 
inadvisable to allow the grid excitation to rise much higher 
than the value at which saturation occurs since not only is 
the grid dissipatio11 thereby increased but the production 
of harmonics is enhanced and there is no significant increase 
in efficiency. 

Tetrode or Pentode R.F. Amplifiers 

In a tetrode or pentode arnplifier the screen grid is held at 
a constant potential and it therefore reduces the capacitance 
between the control grid and the anode to :m extremely 
low value. lf suitable auxiliary external screening is pro
vided, the coupling between the input and output circuits 
can be reduced to a low value. At the same time the electric 
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field of the anode is prevented from influencing lhe ability 
of the grid to control the current flowing through the valve, 
and consequent ly much less power is required to drive a 
tclrode or pcntode than a triode; i.e. a greater power gain 
is available. 

Because the characteristics of a tetrode or pentode valve 
tend to make it operate like a constant-current device, very 
high voltages may occur in the anode tank circuit if it is 
tuned lo resonance in rhe absence of an output load or if it 
is inadequately loaded. No attempt should be made there
fore to explore the anode-current dip with such valves 
except with greatly reduced power input. 

ft is more satisfactory to supply the screen through a 
series voltage-dropping resistor from the anode supply 
than directly from a fixed source, since in this way the 
screen is protected from the danger of excessive current if 
the control grid should be overdriven. The series dropping 
resistor also protects the sere.en from excessive dissipation 
in the event of the load being removed from the anode 
circuit. Moreover, by feeding the screen from the anode 
h.t. supply the possibility of damage owing to the applica
tion of screen voltage without the normal anode voltage is 
diminished. 

lf, l1owcver, it is considered that overdriving and under
loading arc not likely to occur, it will be found easier to 
ob1ain full output from the valve when tJ1e screen voliage 
is fixed at ils correct value by the use of a potential divider 
across the h.t. supply or a separate constant-voltage source. 
The high power-sensitivity of pentodes and terrodes and 
the fact that neutralization is not always required arc 
the main reasons for their popularity as r.f. amplifiers. 
The small drive requirements enable a complete multiband 
transmitter to be built within a single screened container, 
and the possibility of TVL resulting from the leakage of r.f. 
power is thus grea tly reduced. 

Push-pull Operation 
A pair of identical valves in a push-pull circuit \viii 

produce double the power output obtainable from a single 
valve. Although this is also trne of a pair of valves con
nected in parallel there are several theoretical advantages 
to be gained from the inherent balance which exists in the 
push-pull arrangement. l f the valves a re similar in charac
teristics the second harmonic and other even harmonics are 
balanced out in the common tank circuit. Similarly, the 
currents set up by one valve in the common bypass circuits 
are cancelled by those of opposite phase set up by the other. 
Since these currents can become quite large, particularly at 
the higher frequencies, increased stability is atta inable by 
the use of push-pull operation. Ta practice, however, it is 
unl ikely that a perfect balance will be found to exist. 

A further advantage is that the L/C ratio of the tank 
circuits may be made higher than with single-ended stages, 
s ince the capacitances of the valves are presented in series 
across the coils. This feature is likely to be of greater value 
at frequencies of 21 Mc/s and above where the desired L/C 
ratio is difficult to achieve. 

Paral le l O peration 

The output power obtainable from a push-pull or parallel 
arrangement is Lhe same, provided that the correct im
pcdnnccs arc presented to the an.ode and the grid circuits by 
use of correct L/C ratios in the tank circuits. It may prove 
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mpossible to sa1isfy 1his condi1ion when certain valves of 
high anode-to-earth capacitances arc used in the parallel 
arrangement above about 21 Mc/s, but nevertheless this 
circuit is often considered preferable to the push-pull 
arrangement, owing to the simpler construction involved 
and in view of the fact that the theoret ical advantages of 
the push-pull c ircuit mentioned earlier are not easily 
obtained in practice. The parallel circuit a lso lends itself 
more easily to use with a pi-section aerial coupling network. 

N EUTRALIZATION 

The anode-to-grid capacitance of a valve provides a path 
for the feedback of eucrgy from the anode to grid; if this feed
back is of sufficient amplitude osci llation wili occur. This can 

even more difficult to find when self-oscillation occurs 
only on the peaks of modulation. 

Anode Neutralization 

In this method, a centre-tapped anode tank circwt is 

used in place of the simple inductor-and-capacitor so that an 
out-of-phase voltage is made available for neutralizing the 
feedback from the anode. Fig. 6.54 shows such an arrange
ment in which the anode tuning inductor is centre-tapped 
and is fed at this point from the h.t. line thereby producing 
an r.f. voltage at the end of the coil opposite to the anode 
equal in value to the anode voltage but 180 degrees out-of
phase with it. To neutralize the internal feedback due to the 
anode-to-grid capacitance (shown dotted), the neutralizing 
capacitor NC should therefore be equal in value to this 
inter-electrode capacitauce; in most va lves this is quite 
small- less than IO pF- but its effect is important and an 
accurate balance is required. 

With this circuit a certain amount of undesirable feedback 
is usually present when the operating frequency is higher 
than about 7 Mc/s owing parlly to the difficulty of tapping 
the coil at its exact radio-frequency centre and partly to the 
inevi!able inductance of the lead. connected to the neutra l
izing capacitor. 

An improvement on this 
HT+ arrangement is shown in 

r---_.-o Fig. 6.55. Here a split

be overcome by deliberately feeding back a voltage of equal { 
amplitude but opposite phase. This process is known as 
11e11tralizatio11. ~ 

stalor capacitor is used to 
provide tbe zero-potential 
centre-tap in the tank cir
cuit. The voltages to earth 
of tbe opposite ends of the 
coil a.re determined by the 
relative capacitance values 
of the two sections of the 
capacitor and an accurate 
balancing of the two volt
ages is thus more easily 
obtained. The balancing of 
the ci rcuit may be further 
improved by the addition 
of the small variable capaci

Although it is often considered that pentodcs and tetrodes ~ 
do not require neutralizing for operation in the h.f. range (up 
to 30 Mc/s), it is usually preferable to arrange for neutraliza
tion, even when good layouts are employed. A valve may 
appear to be stable under constnnt carrier conditions but 
when it is ampli tude modulated the rise in feedback through 
the anode-to-grid capacitance may be sufficient to cause 
either momentary or continuous self-oscillation. The former 
is the more di fficult to diagnose because the distortion of the 
signal may be confused with a fault in the modulator. It is 

·rn~ .C./ I RFC HT+ 
r~:--

i' ).. ' c; 11 ~ ~ g 
- NC -
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RF 
OUTPUT 

HT-
~---------0 

Fig. 6.55. Anode neut
rali::tntion usin& a split· 
stator capacitor to 
provide the xcro· 
potontial centre eap in 
the t-ank d,.cuit. The 
circu it ;.iJso shows a 
c:ipacitor C for bala.nc
ine the anode-to .. e_-arth 
ca.poicita.ncc of the 

valves. 

----E---------H-<Tlo-0- tor C shown dotted in Fig. 
6.55. This serves to balance 
the anode-to-earth capaci
tance of the valve. It may 

Fig. 6.S6. Grid neutralization. 

be found especially ben.e
licial whenever the neutra lizing adjustment shows a tendency 
lo va.1y from one band to another although with the split
s!ator ci rcuit this does no t normally occur. 

Grid N eutralization 

A less commonly used ci rcuit is shown in Fig. 6.56. This 
system is analogous to anode neutralization, the only 
important diffcreoce being that the voltage-phase reversal 
is achieved in th: grid circuit. The method of adjustment 
is otherwise similar to that required for anode neutralization. 
Its chief advantage is that it allows a normal anode tank 
circuit to be retained. 

Link N eutralization 

The required feedback voltage may be coupled from the 
anode tank circui t to the gri<I tank circuit by means of a link 



Fie. 6.57. Link neutralization. This ~rra.ngement is partkularly 
suitab le for pcntode or tetrode ci rcui ts where the required amount 

of neutralization is relatively small. 

line connecting the two, as shown in Fig. 6.57. The phase is 
determined by the polarization of the two coils, and if 
incorrect the connections to one or other of the coils should 
be reversed. The method is useful when a suitable neutral
izing capacitor is not available or cannot easily be fitted into 
the layout. It is also sui table for neutralizing a tetrode or 
pentode amplifier which has been built without provision for 
neutralizat ion and subsequently has been found slightly 
unstable. 

A.5 the method depends on magnetic coupling ra ther tban 
capaciti,•e feedback, it is only suitable for use on a single 
band unless separately positioned links are switched for each 
frequency range. 

Series-capacitance N eut ralization 
Another ncutrnlizing circui t using a capacity potential 

divider is shown in l<'ig. 6.58 . A small capacitor NC is con
nected between the valve anode <Uld a large capacitor in 
series with the grid tank circuit or the anode tank circuit of 
the preceding valve. The relative values of NC and C may be 
selected from the following expression: 

NC C.., 
c =c,., 

where c,. = anode-to-grid capacitance 
C tn = input capaciLance of the valve plus stray 

capacitance across the input circuit. 
lt is advisable not to use a value greater than 5 pF for NC 

because this capacitance is e!Tectivcly in parallel with the 
output of the valve and the LC ratio of the tank circuit may 
be reduced undesirably. The capacitor NC in all these 
neurraliz.ing arrangements is subjected to considerable 
voltage stress, and to avoid breakdown it must be adequately 
rated, especially if the st;1ge is anode modulated. 

Push-pull Neutraliza t ion 

In a push-pull amplifier. neutralization can be easily 
applied, as shown in Fig. 6.59 since a centre-tapped coil is 
already an essential feature of the circuit. Perfect balance 
can be obtained; if the connecting leads are kept short 
and equal in length the neutralization setting remains the 
same over a wide range of frequency including perhaps 

H.F. TRA-NSMITTERS 

Fig. 6.58. Series-capacitance neutralization. The balancing voltage 
is derived from the potential d ivider comprising the capacitors N C 
and C. Typical values for a n 807 are NC - 5 pf and C - 1000 p f . 

several of the <lll1ateur bands. 1t is common practice to use 
split-stator capacitors in both the grid and the anode circuits 
and to earth the rotors, preferably by the shortest and 
thickest possible connections to ensure that harmonics are 
effectively bypassed. 

Methods of adjusting neutralizing circuits are described on 
page 6.43. 

RFC2 

Fig. 6.59. N eutral ization of a push-pull r.(. ampl ifier. Due to the 
symmetry of th o arrangement, excoll ent balance is usually easy to 
obtain : one setting of the neutralizi ng capacitor will hold over 
several amate ur bands provided tho.t the connecting leads arc kept 

s hort. 

GRID BIASING METHODS 

There arc three main methods by which the required grid 
bias voltage may be developed for a class C stage, and these 
are illustrated in Fig. 6.60. Some methods offer a higher 
degree of protection to a valve than others, and for this 
reason, it is not unusual to find that a valve may be operated 
under condit ions which employ more than one of the basic 
methods simultaneously. The methods are: 

(a) Fixed bias, applied directly to the grid through an r.f. 
choke from a battery or suitable power supply \\~th 
the positive terminal earthed. 

(b) Cathode bias (sometimes known as automatic bias) 
obtained from the voltage drop across a resistor in the 
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Fie. 6.60. Me thods of providina arid bias in a class C ;implifier. 

c-c1thode lead. Since the voltage between the anode and 
cathode is reduced by an amount equal to that 
developed across the cathode bias resistor, the supply 
voltage has to be increased accordingly to arrive at the 
optimum operating conditions. T his method is there
fo re generally limited to va lves requiring a low anode 
to cathode voltage. 

(c) Grid resislor or drive bias in which the cathode and 
grio of the valve function as a diode. The applied r.f. 
voltage developed across the tuned ci rcuit causes a d.c. 
current to flow through a resistor between grid and 
ground, the voltage drop across which is equal to the 
desired bias. 

Clamp Valve 

If the grid bias is derived solely from the Oow of r.f. current 
through the grid resistor, the valve will take excessive anode 
current when the drive is removed . To prevent this occurring 
in a tetrode or pe11tode amplifier, a clamp va lve connected as 
shown in Fig. 6.61 may be used. During normal opera tion 
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the p.a. grid resistor or drive bias also provides bias for the 
clamp valve and thus renders it ineffective. On removal of 
the excitation, the bias on the grid of the clamp valve 
becomes zero and its anode/cathode resistance fa lls to a 
relatively low value. The resulting increased voltage-drop 
across the screen res istor R reduces the screen voltage of the 
p.a. stage sufficiently to limit the anode current to a safe 
value. 

F or effect ive clamp operation, a valve should be selected 
which is capable of passing almost the whole current 
ava ilable through the screen resistor. Thus, for a p.a. valve 
operating with a series screen dropper of 30 K ohms from 
an h.t. supply of 750 volts, the clamp valve should be capable 
of passing a current of-

750 volts 
JO,OOO ohms = 0·025 amperes = 25 mA 

The clamp valve chosen must, however, have a grid base 
sufficiently short to ensure cut-off under normal drive con
ditions, a requi rement not difficult to meet wi th the 6BW6, 
EL84 or a simila r type if the bias derived across the grid 
resistor is greater than about 25 volts. 

This method will not reduce the screen grid voltage to 
zero since, for current to flow th rough the clamp valve, there 
must always be a posit ive potential on its anode, and hence 
on the screen of the power amplifier. Successful operation 
largely depends on the slope and current capabilities of the 
clamp valve. Tn practice it is better to use a tetrode or 
pentode with its screen grid fed from a fixed source rather 
than a triode. 

The current which has to be passed by the clamp valve 
anode should be based on the total current which could Row 
through the screen resistor if it were shorted to earth. In the 
case of a QV06-20 or 6146 operated at 600 volts, the screen 
resist·or is 50 K ohms, and therefore the maximum current is 
12 mA. To a llow a generous margin, the cla mper valve 
should be capable of passing three to four rimes this current , 
and in this case a 6BW6 or EL84 valve would be suitable. 
Where a pentode or tetrode is used, it is essential 10 derive 
ics screen grid voltage from a poiential divider. Care should 
be taken 10 ensure that the screen dissipation of the valve is 
not exceeded when the anode voltage falls 10 a value which is 
well below that of the screen grid. If the supply to the screen 
grid of the clamp valve is from a polential divider connected 

HT+ 

HT-

Fig. 6.61. Basic 3rra.ngcmcnt or a clamp v:a.lvo to lirnit tho anode 
cyrrent of the p o wer amplifier t o a safe leve l in t ho ovent of failure 

o f the dri ve. 
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ISOmA These drawbacks can be avoided 
.-----------/----....----~~ ~J6v by using a small mains-operated 

RF DRIVE 

C3 
0-005 

LI 

C6 
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RI 
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R2 
470n 

R3 

4 70K 

C HECK Ig 

l c1 
0·005 

RS 
33K 
SW 

R6 
22K 
2W 

Fig. 6.62. Clamp circuit modified to provide control or t,he d.c. input to the power ampl i· 
ficr. Possible overdrive to the grid of the amplifier is d iscuucd in the text. 

power unit incorporating the usual 
rectifier and ripple filter. The 
chief requirement in such a supply 
is that the outl)ut resistance must 
be low enough to prevent excessive 
auxiliary bias being developed 
across it by the flow of grid current. 
One method of ensuring this is to 
place a low-value bleeder resistor 
across the output terminals, in 
which case the power supply must 
be designed to supply a con
siderably larger current than is 
necessary for the actual biasing 
purposes. The difficulty is best 
met by the use of a voltage
stabilizing Zener diodes or valves 
which will maintain the output 
voltage constant irrespective of 
grid-current changes. The out
put from this voltage stabilizer 
must then be applied di rectly 
to the valve without the in

across a high voltage source, the sc.ries resis tor wi ll usually 
ensure sufficient limiting action. 

A clamp valve can be used as a convenient method of 
controlling the power developed in a power amplifier stage. 

Since the anode current, and hence the output power, of a 
tetrode or pentode is directly related to lhe value of the 
screen grid voltage there will be a corresponding variation 
in the power output if it is varied. Where a clamper valve 
is employed to prolect the power amplifier, such a facility 
can be arranged with very little change in the circuitry. A 
suitable circuit arrangement is shown in Fig. 6.62. Instead o r 
being connected direct to the grid of the p .a. stage, the grid 
of the clamp valve V2 is connected to the slider of V R I which 
functions as the power input control. To avoid affecting RI, 
the total value of R3 and VRl is substantially higher. VRI 
permits the bias on V2 to be varied from zero to about 
- 35 volts so tha l, when the bias on V2 is maximum, the 
valve is cut off and tbe screen of VI is a t its normal opera I ing 
voltage. As the value of the bias on V2 is reduced by means 
of VRI, the increased current now through R4 Jowers the 
voltage on VI and bence the input. 

With this arrangement it is possible for the grid of Vl to 
be driven too heavi ly under reduced anode i.npul conclilions. 
ln such a case, the power reduct ion must be li111i1cd or the 
grid drive reduced. 

Fixed Bias 

The simplest method for the provision of fixed bias is a 
ba ttery. For two reasons, however, its use may be found 
unsa tisfactory: 

(a) As the battery ages its resistance increases and an 
additional bias gradually develops owing to the grid 
current flowing through the battery. 

(b) Grid current, which flows in a direction oppos i1e to 
the normal discharge from a battery, tends to charge 
up the battery !he vollagc of which may he cnuscd to 
rise well above the nominal value. 

clusion of an external resistor or a potential-divider network. 
Ln practice the minimum bias voltage obtair1able by the use o f 
voltage regulator valves will be 60-80 volts but Zener diodes 
arc available for a wide range of voltages. 

A most important advantage of fixed bias is t hat tbe valve 
will be fully protected in the event of a failure of the r.f. drive. 
T his is quite likely to occur during tuning operations, aod 
some form of fixed bias is therefore always advisable par
ticularly in high-power stages. 

Suitable fixed-bias circuits are described in Chapter 17 
(Power Supplies). 

Cathode Bias 

Cat bode bias is normally used in conjunction with fixed or 
drive (grid resistor) bias for a class C stage because of the 
high value of bias which such a stage requires. The voltage
drop across the cathode resistor must be subtracted from the 
h. t. supply in calculating the effective anode-cathode voltage, 
and it may be uneconomical to derive the whole of the 
required bias from the voltage-drop across the cathode 
resis tor. The most va luable feature of cathode bias is that ii 
automatically protects the valve by preventing the flow o f 
excessive anode current if the auxiliary sources of bias fail. 
The cathode resistor, which must be bypassed for r.f., is 
generally chosen so that , witbour auxilia.ry grid bias, sufficient 
voltage is developed across it to limit the anode dissipation 
to within the maximum ratings. The method of calculation 
foll ows from Ohm's Jaw (R = E/I): 

Bias voltage ( V ) x 1000 
Car/rode resistor (ohms) = Cathode current (mA) 

ln the case of a tetrode or a pentode, the cat bode current is 
equal to the sum of the screen and anode currents. Where 
it is not possible to determine tbe screen current at a given 
anode current, due to the wide difference in screen and aJlode 
currents in such valves, it is permissible to base the calcula-
1ion on the required anode current limit alone and to 
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disregard the screen current. This will result in a somewhat 
higher value resistor, providing a higher level of actual bias 
and an anode current below the maximum level fixed. 

For example, consider a tetrode in which tbe anode 
current is to be limited to 70 mA, and which at this anode 
current has a screen curreut of 10 mA. Assume that the 
characteristic curves show that a bias of 10 volts is required 
at the applied h.t. voltage to produce these currents, then: 

10 x 1000 -
Cathode bias rel·is1or (ohms) = 

70 
+ 

10 
= 12:i ohms 

Disregarding the screen cum:nt: 

10 x 1000 
Cathode bias resistor (ohms) = 

70 

140 ohms (approximately) 

The acluti/ bias developed across the resistor calculated by 
disregarding the screen curre11t will be: 

( 
1 (total current i11 mA) x R (bias resistor) 

E 11ofts) = JOOO 

80 x 140 
= -rQOO = I I ·2 volts 

This will be seen to be within the 20 per cent tolerance 
likely to be encountered due to variations between the 
marked and actual value of the resistor fitted where the 
calculation included the screen current. 

The power dissipated in the cathode resistor is given by 
12R, where I is the total current in amps; thus-

Power == (0·08)' x 125 = 0·8 watts 
Since this resistor is designed to protect the valve, its rated 
wattage should be appreciably higher than its working 
wattage: twice the working wattage is adequate and in the 
example given the resistor would be rated at 2 watts. 

When a drive voltage is applied, the cathode current is 
augmented by the current flowing in the grid circuit but siuce 
this is relatively small it c~tn safely be ignored in these 
calculations. 

Drive or Gr id Resistor Bias 

In class C operation the r.f. grid drive is large enough t.o 
cause the grid potenlial to become positive at peak values, 
with U1e result that 11 rectified current flows in the grid circuit. 
If a resistor is inserted into the grid return lead the voltage 
drop across this resistor due to the grid current causes the 
grid to be biased more negatively. This provides an auto
matic biasing action, the amount of bias varying with the 
drive power and thus to some extent adjusting the actual 
peak drive voltage to the operating requirements of the valve. 

Since failure of the drive would result in the loss of the 
whole of the bias if this were derived solely from a grid 
resistor, it is recommended that grid resistor bias should only 
be used in conjunction with sufficient fixed or cathode bias 
to limit the anode dissipation to a safe value should the drive 
fail. To illustrate the method of choosing the relative pro
portion of fixed , cathode and grid resistor bias, the following 
example is given. 

EXAMPLE: Au 807 is 10 be operated u11der maximum power 
i11put corulition.s (JCAS rating) with a combinalio11 of grid
resistor bias a11d fixed bias. It is required ro calculate the 
value of the grid a11d tire fixed bias voltage. 
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The relevant operating conditions obtained by reference 
to the published resistor data for the valve are: 

A11ode 1•oltage 750 volts 
A11ode curre111 100 rnA 
A11ode dissipatio11 .. 30 watts 
Grid bias .. -45 volts 
Grid c11rre111 4 mA. 
Dri1•i11g power 0·3 watts 

First it is necessary to calculate the minimum bias required 
to limit the anode current to a safe value in the absence of 
r.f. drive. At 750 volts the maximum current permissible 
for a dissipation of 30 watts would be 40 mA. By referring 
to the characteristic curve, the bias needed is found to be 
approximately - 20 volts. With the r.f. drive applied an 
additional bias of 25 volts is therefore required to raise it to 
the specified - 45 vol ls. However, if the fixed bias is to be 
obtained from a maiHS-driven power unit having an internal 
resistance of, say, 1000 ohms, there will be an extra voltage 
developed due to the fl ow of grid current through this 
internal resistance: s in.cc the grid current is expected to be 
4 mA, this extra voltage drop wi ll be IOOO x 0·004 = 4 vol ts. 
The fixed bias supply unit (nominally supplyi11g 20 volts) will 
therefore develop an effective bias, under drive conditions, 
of 24 volts. This means tha t the series grid resistor which is 
to be relied upon to provide the additional bias to bring ihe 
total up to 45 volts need only contribute 21 volts. For a grid 
current of 4 mA, a resistor of 2 1 /0·004 = 5250 ohms would 
t.hus be required. 

1f the fixed bias were to be obtained from a 20 volt battery 
(the internal resistance of which is negligibly small), the extra 
bias to be contributed by the series grid resistor would be 
25 volts and its value would have to be increased to 25/0·004 
= 6250 ohms. 

In either case the total resistance in the grid circuit is 6250 
ohms and the total resist ive voltage drop amounts to 25 
volts. 

In practice the amplifier may be tested initially with battery 
bias in order to find the grid current. The value of the grid 
resistor can then be calculated from the following formula 
and the battery replaced by it: 

Grid res1'.1·tor i11 ohms 
Grid bias voltage x 1000 

Grid c11rre111 (mA) 

ln the case of a 6l46 valve with an anode vollage of 600 
and a scree1\ voltage of J 50, the grid current and grid bias 
voltages are 2·8 mA nnd 58 volts negative respectively. Thus 
where the bias is derived solely from the grid resistor, this 
resistor wi ll need to have a value of: 

58 x 1000 . 
2.8 "" 20 K ohms (approximately) 

Valve manufacturers specify a driving power for valves 
operated under class B or class C conditions but this power 
takes no accolllll of circuit losses, and is simply that needed 
by the valve itself. Working on the assumption that the 
transfer efficiency between the driver and the power amplifier 
will be no worse than 33~ per cent the driver should be 
capable of delivering three times the power needed by the 
driven valve. In the case of the 6146, the drive power 
required is 0·2 wall and the driver should be capable of 
delivering at least 0·6 walls. 



Grid-drive Re quirements 

Grid Current. In normal class C operation the rectified 
grid current is sufficiently small to cause 011ly a moderate rise 
in the temperature or the grid, but ir the valve is over-driven 
the temperature rise may become great enough to produce 
grid emission and possibly cause permanent physical damage 

u. 
u. 
UI 25 
UI 
0 
0 z 

A 

t 
NORMAL 
OPERATING 
POINT 

<( 

O RECTIFIED GRID CURRENT 

Fi t. 6.63. Th e ~node 
efficiency of a cl:u.s C 
power amplifier initi
ally rises rap idly with 
a small increase o f grid 
current up to 3bout 65 
per cent, 3ftcr which 
the increase o( effi
ciency with drive be: .. 
comes relat ivelyslia: ht. 

to the grid itselr. Where the valve is a pentode or tetrode 
over-driving may also restLlt in excessive screen dissipation. 
Another danger is the production or undesirable harmonics. 

A curve drawn to show the relation between grid current 
and the anode efficiency of a class C p.a. stage wi ll have the 
rorm shown in Fig. 6.63. The efficiency initially rises quickly 
ror a small increase of grid current rrom zero after which it 
remains substantially constant over quite a wide r:1nge. The 
grid current should therefore be kept as low as possible con
sistent with a reasonable efficiency being obtained (65- 70 per 
cent); for example, by operating at point A. 

Drh•e Power. The drive 
power required is made up 
of: 
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layout and this is usually at least as great as the total drive 
power specified for the valve. The drive power available 
should be al least five times the power lost in the bias sources. 
Valves in parallel or push-puU require twice as much drive 
as a single valve of the same type. 

(n an amplitude modulated output stage the drive power 
and bias must be large enough to accommodate modulat ion 
peaks during which the anode voltage may rise to twice its 
normal maximum value iu the unmodulated condition and 
the drive power requirement correspondingly increased. 

Grid Tank Cir cuits 
A grid tank circuit shotLld be designed to have a Q value 

of about 12, for reasons which are outlined later in the dis
cussion on Anode Tdnk Circ11i1s. The required Q value is 
obtained by adjusting the LC ratio of the tank circuit, 
although the relative values of L and C a re also dependent 
oa the type of circuit in use. Fig. 6.64 shows a selection of 
the more popular arrangements. 

The optimum value of capacity for a grid tank circuit in 
any of these arrangements can be found directly from the 
abac in Fig. 6.65. To use this abae the data required are 

(a) the operating frequency, 
(b) the grid-drive power and 
(c) the grid current. 
In the case of push-pull circuits, the grid-drive power and 

the grid curren t will be double the value for a single-ended 
circuit. 

Example: A si11gle Q V06-20/6146 valve is to be operated 
011 the 3·5 Mc/s ba11d 1111der class C ca11ditio11s. The dri1•i11g 
power required is 0·2 watt, a11d grid currenJ 2·5 mA. Fi11d the 
grid circuit /(/Ilk capacitance and the i11d11cta11ce of the assoc
iated coil. 

(a) the power required 
lo drive the grid 
current against lhe 
bias vollage, 

(A) (B) (c) 

(b) the power dissi
pated in the grid of 
the valve and, 

(c) the loss in the coup
ling arrangement. 

n1e power in the bias 
source is the product of the 
grid current times the to tal 
bias voltage from all 
sources and is the same no 
matter how ihe bias volt
age is obtained. The power 
dissipated in the grid or 
the valve is approximately 
equal to the product or 
grid currem times the 
peak pos1t1vc grid ex
cursion which is often 
about the same as the 
power in the bias source. 
The loss in the coupling 
components will depend 
on the quality of the com
ponents used and on the 

4L 

EllAS BIAS 

(D) (E) (F) 

BIAS El lAS BIAS 

Fig. 6.64. Grid tank circuit arrangements. The values of C and L can be obtaine.d fr.om Fig. 6.76. 
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Frequency 
(Mc/s) 

Pg 
Grid 

Driving 
Power 

c 
Tank-

Circuit 
Copacitanc~ 

Xe or Xi. 
(Ohms) 

lg 
Grid 

Current 
(mA) 

Using Fig. 6.65 jo in the valw:s 
2·5 mA on the grid current 
scale ancl 0·2 watt on the grid 
driving power scale by a s traight
edge. This intersects the Xe/ XL 
scale at l ·5 x 10~ ohms. Join 
this value to the 3·5 Mc/s marker 
on the frequency scale. The tank 
circu it capacitance may now be 
read off the scale marked C- in 
this case 30 pF. 

28 Mc/1 30 (Watts) (pF) 0·5 

0·6 

The capaci tance found is that 
of the total across the coil, and 
t11ereforc includes the stray capa· 
citances of 1he circui1 ancl the 
input capacicancc of the valve. 
As these arc likely to range 
becween JO pF and 15 pF, the 
net value to be provided is 
30 pF - 15 pF = l5 pF. In 
practice a 25 pF variable capaci-
1or would be fitted, to provide 
sufficient variation to compensate 
for all usual values of stray 
capacitance while still giving 1he 
total of 30 pF required. 

Once the capacitance has been 
determined, 1he inductance may 
be calculated from: 

X, (ohms) 
L = 2r. x 3·5 i•H 

\.Vhich in the example corres
ponds to: 

1·5 x 101 

L = 2r. x 3·5 = 71 l'H 

2 1 Mc/s 

14 Mc/s 

7 Mc/s 

10 

8 

5 

4 -
3.5 Mc/s-

3 

1·8 Mc/s 
2 -

1· 5 

0·8 

0·5 

0· 4 

0·3 

20 

15 
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50 
40 
30 

20 
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5 
4 
3 

2 

0·5 
. 0·4 

0·3 
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0 ·6 
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2 
105 2 

5 
3 3 
2 
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4 
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so 2 6 
100 103 

5 8 
500 3 
1000 2 10 
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5 15 
3 
2 
10 

20 

- 30 

40 

so 

When applying these calcu
la tions to push-pull circuits it 
should be borne in mind that 
the capacicance value arrived at 
will be 1he total capacicance 
across the complete coil , and 
therefore the capacily on each 
side of centre will be twice of 
the calculated value; the value 

Fig. 6.65. Abac for detc,.minin a gri d t:ank circuit capaci t,anco for a Q value of 11 in the circuit 
arranaenle nts shown in Fi g. 6.64. For pu.sh-pull and parallel connections, the appropriate 

va lues of grid curr"cnt :a nd power ;ire those for the two valves Uken together. 

of inductance calculated by use of the formu la assumes that 
the co il is tuned by the to rn! capacitance. 

As the operating frequency is raised it will be found rhat 
the optimum value of C derived from the abac in Fig. 6.65 
becomes smaller, ancl it may casiJy happen that it is less than 
the input capacitance of 1he valve. In such circumstances, 
1he c ircuit will have to be allowed to operate with more than 
the optimum capacitance (i.e. a lower LC ratio): the only 
serious disadvantage will be a lowering of the efficiency of 
power transfer from the driver to the grid circuit of the p.a . 
st.age. To offset tl1fa there will be the adv:tntagc o r a 
reduction in the harmonic content of the grid-voltage wave
form and a reduced likelihoocl of interference due to 
harmonic radiation. 

Anode Tank Circuits 

The correct design of an anode tank circuit must fulfil 1hc 
1hree following <.:onditiot\S: 
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Kot to Fig. 6.65. Join the 
se lected valu es of Pg and lg 
by ~ lino PQR. Note tho 
point Q o n t ho X e/X L scal e. 
Join the point Q to the 
appropriate frcquenc:y T on 
th e oxt rcn10 lcfthand sc:alo. 
T ho requi red value o f C is 
civcn ~t tho point S. Tho 
corresponding value of L is 
Riven by the rcact.anc:::o v.-iluo 
X1 . ~tthapoint Q divided by 
6·18 X frequency in Mc/s. 

Fr<q Pg 

T 
c 

Xc/X~ Jg 

r 
Rcttrtnct 

Point 

R 

(a) The anode circuit of lhe valve must be presented with 
the proper operating impedance in relation to the 
valve impedance to e1\Sure efficient generation of 
power. 



H
HT+ 

C/,i q 
:( . 

y l 

" 1. 
~~ 
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impedance of 1hc tank circuit 
at the sideband frequencies 
relative to the c.'1rrier fre
quency, but the Q would have 
lO be grea1er 1han 200 10 cause 
sideband c lipping a1 I ·8 Mc/s. 
The effect is to give an appar
ent lack of modulating power 
at the higher audio fre
quencies. Secondly, the fre
quency band over which 
substantially const:1111 power 

HT+ output can be obtained with-
4 out re-tuning 1he tank circui t 

will become narrower, and 
~ the serviceable bandwid1h then 

obtainable may be much less 
than is required for normal 

J_ 
frequency changes within the 
permillecl frequency band. 

-:::=- The second effect will be much 
more significant than the first 

Fi11. 6.66. Anode tanl<·circuit arl"angomcn ts. Tho va lues of C and L cori·esponding to a loaded Q of 12 since the modulating fre
can ba obtained from Fig. 6.67. 

(b) The power delivered by the valve to the tuned circuit 
must be transferred to the load or aerial without 
appreciable loss. 

(c) Owing to the nature of 1hc anode-current pulses, the 
Q of the circuit when it is loaded by the aerial must be 
sufficiently high to maintain a good " nywheel " action 
and produce a close approximation to a s inusoidal r.f. 
voltage waveform. 

A valve will deliver the maximum power when the output 
load is equal to the source impedance. For practical pur
poses a p.a. stage has an r.f. source impedance proportional 
to a figu re which is obtained by dividing the anode voltage 
by the anode current, and the load is rcprcscn1ed by tbe lank 
circuit shunted by the aerial load. The cfficicnC)' of the tank 
circuit depends on the ratio of i1s dynamic resistance when 
unloaded to its value when loaded. Because the dynamic 
resistance is proportional to Q, the efficiency depends on the 
ratio of the unloaded Q to the loaded Q. 

For a given Q value the dynamic resistance can be raised 
or lowered by changing the reactauce of the coil or capaci
tor, i.e. by altering the LC ratio. Jn a good tank circuit the 
unloaded Q is likely to be of the order of 100- 300, while the 
loaded Q will be much lower. Reducing the loaded Q will 
reduce the circulatit\g currents in the tank circuit, and 
because of the diminished heatiL1g effect it will be practicable 
to use smaller components. However, if the Q of the tank 
circuit under load is reduced too severe!)' the " flywheel " 
effect becomes too small, and the harmonic content of the 
output increases as a consequence of the non-sinusoidal 
waveform. A compromise between the two requirements 
which has been generally accepted for use in amateur trans
mitters is represented by a loaded Q value of 12. 

A slight increase of Q above J 2 will ii\ fact s lightly lower 
the efficiency, but at higher Q values two other factors 
become significant. First, distortion can occur if the stage is 
modulated or if it is amplifying a modulated carrier (under 
class AB or B conditions) owing lo the reduction in the 

quencies arc low in com-
parison with the carrier 
frequency. 

The correct operating Q value can be obt;1incd by adjust
ing tbe LC ratio or the loading but it must be remembered 
that the optimum proportions of Land C also depend on the 
panicular form of anode tank circuit which is used. Several 
popular arrangements arc shown in Fig. 6.66. 

An abac for the direct estimation of capacilancc for any 
given operating frequency will be found in Fig. 6.67: the 
only other data required are the operating anode voltage v. 
and the anode current r •. 

ExAMPLE: Find the anode tank capacitnnce n11tl i11d11cta11ce 
required a t 7 /vfc/s for a pair of 5763 1•nfres connected in 
para/le/ in a class C output stage: 1he anode cnrre111 for a 
single mfre is 50 mA and the fl.I. supply is 300 1·0/fs. 

Using Fig. 6.67, join the values 100 mA and 300 volts on 
the anode-current and anode-voltage scales respective!) 
by a straight·edge. This line intersects 1hc XL/X0 scale at 
the reference point of I 50 ohms. Join 1his point to the 7 
Mc/s-band marker on the frequency scale. The optimum 
tank-circuit capacitance is then read off as I 60 pF. The 
anode-to-eart·h capacitance of the two valves (plus stray 
capacitances) is about 15 pF, leaving abou~ 145 pF to be 
provided by the actual tank capacitor. ln practice, :1 200 pF 
unit would be used. 

T he inductance is given by 

Xo . I 
l = 211:/(Mc/s) micro 1cnrys 

150 
6·28 x 7 = J·4 ,..H 

As in the grid circuit, the desired LC ratio cannot always 
be achieved in practice with some valve types at the higher 
frequencies aod a lower LC ratio must then be accepted with 
some loss of efficiency. 
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Fr, qu, ncy 
(Mc/s) 

Ve, 
Anode 

Vol toge 

C Xcor XL 
Tonk (Ohms) 

Copocitonce 
(p F) 

Io 
Anode 

Current 
(mA) 

28Mc/ s 30 2000 

25 
20000 
15000 

5 

6 

normal carrier frcquellcy, and 
therefore interference may be 
caused to other services outside 
the amateur bands. They may be 
found to occur al a relatively low 
frequency or at a ,·ery high fre
quency. 

2 1 Mc / s 20 
1500 

I 10000 7 
8 
9 
10 

Low-frequency Parasitics 
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Low-frequency paras1ucs are 
likely lo be generated when the 
r.f. chokes in the grid and anode 
circuits happen to resonate at 
approximately the same frequency. 
The use or two similar chokes in 
these positions should be avoided. 
It is beltcr to use a grid resistor in 
place of one of the chokes. T he 
frequency of oscillation is normally 
below about 1-2 Mc/s and lhe 
reac1ance or the tank coils to such 
low frequencies is therefore very 
sma ll except on lhc lower-frequency 
bands. 

When drive (grid resistor) bias is 
employed, it is usually possible to 
dispense with the r.f. choke in the 
grid circuit and to connect tl1c grid 
resistor directly to tlie tank circuir 
or grid, although this may mean 
increasing the loading on the driver 
to make up for the higher losses. 
When the grid circuit is tuned by a 

200 split-stator capacitor, direct con

250 
nection of the grid resistor to the 
tap on the coil usually produces no 

300 measurable effect. Howe,·er, if a 
clamp valve is used in conjunction 

400 with a push-pull input circuit, or if 
split-stator tuning of the grid circuit 

SOO is used for neutralizing purposes, a 
Fig. 6.67. Ab:\c for determini ng nnodc tank-circuit ca pacitance for a loaded Q of 12 in tkc 
circuit arrn.nremonts s hown in Fie. 6 .66. For push·pull and parallel con nections, tho 
approprin.te v:ilue or anoda current is that for the two valve$ tal<en togeth ar. 

grid choke must be employed. In 
such cases different types of choke 
may be used in the grid and anode 
circuits or the chokes may be dam-

Fr~q Vo Xc/Xl. 

c 

fo 
Key to Fig. 6.67. J o in t he 
selected values of Va and It\ 

by a line PQR. N ote the 
point Q on the X e/XL scale. 
J o in the point Q to the 
appropriate frequency and 
to t he extreme left-hand. 
The required value of C is 
gi ven at the point S. The 
corresponding value of L is 
given by the reactance value 
X a t the point Q d ivided by 
6·28 x frequency (in Mc/s). 

PARAS ITIC OSCILLATION 

Under certain conditions, the arnpli6cation of an r.f. drive 
voltage may be accompanied by the production of oscilla
tions within the amplifying stage itself. The frequency of 
these parasitic oscillatiom is usually quite unrelated to the 
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ped by series or parallel resistors. 
A general coverage receiver with a short aerial may be 

employed to detect low frcquency parasitic oscillations. 
Al ternatively, a scusitivc wavemetcr can be coupled to the 
suspected parts o f' the circuit. There will be no mistaking a 
parasitic when it is round: they are invariably highly unstable 
and any change in frequency is usually unrelated to v.f.o. 
tuning or crystal frequency. 

The most difficult type of parasitic oscillation to trace is 
one that occurs onl)' as the applied voltage reaches its peak 
during amplitude modulation. The effect on the signal is to 
make it sound rough. As this is similar to the effect 
produced by a sl ightly regenerative stage it is not possible 
to tell whether it is due 10 regeneration or to parasitic 
oscillation. T he only approach is to neutralize the stage and 
then to look for parasitic oscillation if distortion persists. 

V.H.F. Parasitics 

The causes of v.h.f. parasitic oscillation ar~somewhat 
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Fif . 6.68. Typical power·.amplific.r circuit showinl' how v.h.f. pa.rasitic 
oscilfat_ion.s may be generated. Tho heavy line.1 indicate the respec
tive v.h.f. grid and anode circuits, the inducttlnce beinc constituted 
by the connettjng leads. A neon l;amp can be uted to Indicate the 
pres ence of such oscillation ; if it is moved, for cucample, from A, 
round the path ABCD to earth, tho intensity of the glow will be 

found to diminis h procrcssivcly. 

more subtle than those of the l.f. parasitics and it is not at 
first obvious how they can be produced. They are more 
common in tetrode and pentode amplifiers where the valve 
has a relatively high mutual conductance; often valves such 
as the 807, TT21 and 6146 are viewed with suspicion for this 
reason but the prevention of parasitic oscillation is quite 
simple provided that the cause is understood and the 
proper precautions arc taken. 

A tuned circuit is formed by both the grid and anode 
circuits as shown by the heavy lines in Fig. 6.68 and is likely 
to have a resonant frequency in the range 100- 200 Mc/s. At 
these frequencies the bypass and other capacitors and the ir 
connecting leads act as inductive reactances. The capaci
tance which resonates with them is that of the grid and anode 
circuits and other stray capacitances. Ir the resonant 
frequencies of the grid and anode circuits a rc not greatly 
different from each otber, oscillat ion may occur. Similar 
conditions apply if the lead to the screen grid is resonant. 
By reducing the stage gain at the frequencies concerned, or 
alternatively by separating the v.h.f. r esonance frequencies 
of the grid and anode circuits, oscillation can be prevented. 
By making connections to the tank circuits with short leads, 
preferably of dissimilar wire or copper strip, the inductance 
of the wiring may be reduced sufficiently to increase the 
resonant frequency to a value so high that the amplification 
afforded by the valve is insufficient to maintain oscillation. 

A frequent cause of parasitic osci llation is the rcactance 
at v.h.f. of bypass capacitors in tended for use at h.f. For 
example, if the h.t. line in Fig. 6.68 were decoupled at v.h.f. 
at the point where the anode tank circuit joins it, in addition 
to being decoupled in the usual way for h.f., the v.h. f. 
resonant circuit would be limited to ABC instead of ABCDE. 

The length of the cathode lead of a valve has a direct 
bearing on its ability to oscilla te: the lead should therefore 
be made as short as possible. If the lead must be long, or has 
included in it a bypassed resistor for biasing, a v.h.f. bypass 
capacitor should be fitted with minimal leads from the 
cathode terminal on the valvcholder to an earth point as 
near to it as possible. This capacitor should have a value of 
470 pF and should be a type designed for bypassing purposes. 

H.F. TRANSMTITERS 

Unfor tuna tely, the addition of a larger capacitor in parallel 
in order to obtain sufficient decoupling at the working fre
quency defeats the object of the 470 pF capacitor unless the 
resulting parasitic circuit is damped by a low value (47 ohm) 
resistor close to lhe valveholder. 

The screen grid requires special attention and it should be 
1he ru le to connect a 470 pF capacitor with minimal leads 
between the screen terminal of the valveholder and the 
cathode connection. This capacitor must be fitted between 
the screen grid and the cathode: to connect it from screen 
grid to earth would not prevent parasitic oscillation. A 
sim ilar bypass capacitor should be fitted from the h.t. end of 
the anode tank circuit to earth with the shortest possible 
leads. 

One of the most effective v.h.f. parasitic stoppers is a v.h.f. 
choke in series with the anode lead to the valve: a low value 
(5-10 ohm) wire wound resistor functions well as a v.h.f. 
choke for this purpose. This cboke must be positioned 
directly on the anode terminal with no leads. If tbis is not 
effective, the screen grid lead should be removed and 
fitted with a ferrite bead, the lead reconnected and the bead 
positioned as close to the screen grid connection as possible. 
1f oscillation persists, the anode choke sbould be removed, 
and a carbon resistor with a value of between 10-47 ohm 
fitted directly to the grid pin with minimal leads, the other 
end being connected to the grid circuit. The lowest value 
resistor needed to stop the oscillation should be used because 
it will introduce a power loss into the grid circuit. The 
positions for parasitic stoppers, the nature of the stopper, 
and the order in which they should be tried is shown in 
Fig. 6.69. 

Small v.h.f. chokes can be constructed by taking approxi
mately a quarter of a wavelength of wire at the parastic 
frequency, and winding it on a low loss former so that it bas 
a length which is at least three times as great as its diameter. 
If it is possible to make the choke self-supporting it will be 
measurably more efficient. For parasitic oscillations in the 
range 100-200 Mc/s the wire length to be wound should be 
18 i1\., and for the 200-300 Mc/s range 9 in. 

Identification of Parasitics 

The presence of either type of parasitic oscillation will 
render the tuning characteristics of the amplifier erratic and 
will reduce the efficiency at the operating frequency. In some 

GRID ' STOPPER@ 

Fig. 6.69. Positions for v.h.f. parasitic stoppers, the nat ure of the 
stopper, and the order in whi ch they should be tried. 
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cases, the va lve is overloaded owing lo lhc parasitic oscil la
tion and may be damaged as a result. Apart from the possi
bi li ty of interference by unwanted radiation, these parasitics 
should be eliminated therefore 10 allow the full cmciency to 
be obtained. 13cforc checkfog for parastic oscillation it is 
desirable to carry out " cold " neutra lization of the stage 
first by observing the grid current as the anode circuit is 
tuned through resonance with the h.t. switched off. 

The tendency of the p .a. s tage to oscillate can be investi
gated in the following way. The r.f. drive to the amplifier 
should be removed and the grid bias adjusted so that the 
anode current docs not exceed the safe maximum value. If 
self-oscillation at a frequency corresponding to the actual 
tuning cir cuits is taking place, owing 10 lack of screening or 
neutralization, an adjustment of ei ther the grid or anode 
tuning capaciiors will alter the frequency (which will be heard 
on a receiver possibly as a rough unstable note): the anode 
current will also vary with the tuning adjustment. Such sclf
oscillation must first be eliminated by improving the screen
ing arrangements and by ensuring chat the :implifier is 
properly neucralized. 

If the parasitic oscillation is of the low frequency type, the 
tuning capacitors will have very lillle effect on its frequency; 
a neon lamp held near the anode circuit will glow with a 
darkish red colour at any part of it, including the apparently 
" eartby" end. ln the case of v.h.f. parasitics, the Mon 
lamp will glow wi th a reddish-purp le colour when held near 
the anode, but the intensity or the glow will diminish as the 
neon is moved round the " parasitic " anode circui t (Anco11 
in Fig. 6.68). Sometimes parastics are more read ily gener
ated when the tank capacitors arc at their maximum values, 
and the capacitors should therefore be varied throughout 
their full nlllgcs to ensure all possible condi tions are ex
amined. A sharp upward " nick " of the :inocle current 
while this is being clone ind icatcs that the stage requires 
neutralizing. 

In clearing parasitic troubles, it oflen helps lo recognise 
that the spurious oscillation adopts a different mode of 
operation from that at the operatir\g frequency. For 
example, in a push-pull s tage a low frequency osci llation 
caused by the r.f. chokes could well occur due to the valves 
operating in parallel in the spurious mode. Similarly, when 
the valves arc connected in para llel, a v.h. f. parasite could 
occur in a push-pull mode. Suppressing devices which 
affect the parasite but do not affect normal operation can 
sometimes be devised. 

TRA NSISTOR POWER AMPLI FIERS 

The conditions which exist in a class C transistor power 
amplifier arc similar to those of its valve counterpart but, 
unlike the valve, both the input and output impedances of a 
transistor are very low. The exception is the common base 
amplifier illustrated in F ig. 6.47(B) where the output imped
ance is high. T he problems in a trans istor power amplifier , 
and also in a transistor frequency multiplier, arc mainly those 
of securing an accurate match between the output impedance 
and the tuned circuit. There is also the possibility of having 
to provide neutralization. 

As the output impedance is so low, matching has 10 be to a 
fairly high degree of precision if maximum power output is 
to be secured. While it is possible to design a tank cir cuit 
with ao impedance which matches that of the transistor 
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dircccl y and bas a worl(iog Q of 12, the amount of capacity 
needed in such a circuit is so high that it is not usually a 
practical proposition. Since the impedance of the output 
link and its associated feed line is considerably higher than 
that of the tank circuit itself, there has to be a step-up ratio 
between the output circuit and the feed line rather than the 
step-clown ratio usual in valve circuits. 

Input Circuit 

T he input impedance of a transistor is relatively low 
whether the drive is fed to the base er to the emitter. As a 
guide, the input impedance of the base is usually in the 
region of the order of 600 ohms, while that of the emitter is 
norma.lly of the order of JOO ohms. In view of these low 
impedances, matching to the input is essential if the best 
possible transfer of power is 10 be secured. Where drive bias 
is employed it becomes even more important. Tapped coil 
or link matching may be employed. 

ln transistor transmitters it is not common practice to 
provide a separate tuned circuit for the input as is the case 
with valve transmi tters. Instead, the base or the emitter is 
driven by a link winding in associat ion with the collector 
coil of the previous stage. The turns of the link are adjusted 
10 give the necessary impedance transformation. This 
method of coupling has the advantage that if provision is 
made to vary the posit ion of the lin l< in relaiion to the co il , 
the drive can be adjusted easily. 

Biasing 

In class B operat ion no standing bias is provided. Unless a 
transistor has a forward bias current applied between its 
emitter and base, no current will flow through it until such a 
bias is provided. T hus a transistor can be used in class B 
simply by connecting it so that there is no forward bias 
applied. 

Fig. 6.10 is the circuit of a typical transistor power 
amplifier in which the drive is appl ied to the base, and the 
base matched to the preceding stage by a link winding. 
While one encl of the link wiriding is bypassed for r.f., the 
cl .c. return is via a resistor R to earth ; the emitter is a lso 
earthed. Under s tatic conditions, i.e. without drive app lied, 
the transistor rests in the class D condition, and the only 
collector current which flows is that due to leakage through 
the transistor. When d rive is applied progressively, the tran
sistor conducts on alternate half cycles. As the level of the 
drive is increased, diode rectifying action takes place between 
the base and emi tter, and a biasing voltage is developed, the 
level of which will be in proportion to the drive power and 
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Fie. 6.70. Representative common emitter connected tr.:in1isto r 
p~a. s tage.. 



the value of R . T hus by varying the d1·ive power, the 
transistor can be moved progressively from class B to class C 
operation. 

As it is not usual lo find that manufacturers specify 
precise conditions for transmitter service, except for semi
conductor devices specifically produced for th is purpose, a 
certain amount of work may be needed in designing a 
tra.nsmitter employing general purpose transistors. So far 
as the bias level is concerned, it is important to ensure that 
the base emitter voltage specification is .not exceeded, 
particularly the reverse vol tage rating, and this should be 
continuously monitored as the drive is increased. Over
driving will quickly ruin a transistor. 

Collector- Tank Cir-cuit 

While an operating Q of 12 for a transistor tank circui t has 
been mentioned, this can only be achieved under special 
conditions. The more usual va lue is a Q of five, the higher 
harmonic content of which is usua lly kept under control by 
employing an aerial tun.ing unit. 

The correct output load impedance for a transistor may be 
determined from : 

Voe 
Ri "" -

2Po 

where V0 is the voltage at the collector of the transistor and 
Po the power output. 

For example, assume a tra1tsistor has a collector voltage of 
12 volts and a power output of 5 watts (AUY IO), then its 
opiimum load impedance will be: 

12' 144 
J<J. = 2 x 5 = 10 = 14·4 ohms. 

For the full 5 watts output to be developed, the transistor 
must therefore be matched into a load of 14·4 ohms. 

To design a tank circuit which would work wi th such an 
impedance directly with a Q o f five, the reactance of the 
capacitor X0 is given by: 

X R ,, 
o= Q 

from which 

14·4 
Xe - - 5- - 2·8 ohms. 

At any frequency in the h.f. range this results in a capacitor 
of very large size, so large that practically no coi l would exist 
i.o order to achieve resonance XL = Xe. From a practical 
point of view such a procedure is clearly impossible. 

The solution to this is to tap the collector on to a well
designed tank circuit. If the collector is, for example, 
connected to the centre tap, then the 14-4 ohm load resistance 
will be transformed by the turns ratio squared and so in this 
case will become 57·6 ohms. 

Substituting this in 

produces 

RL 
XL = Xo = Q 

57-6 
- 5- - 11 ·5 ohms. 

Although this is better, it is not good and corresponds to 
about 3500 pF in the 3·5 Mc/s range. If the collector is 
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tapped in at one fifth the total number of turns on the coil, 
then the 14·4 ohm load is transformed up to 360 ohms, and 
for a Q of five on 3·5 Mc/s, Xe becomes 75 ohms which 
gives a value of about 600 pF which is not unreasonable from 
a practical point of view. 

Similar calculations may be made for other transistor 
powers and voltages and the tapping point on the tank 
circuit coil determined. From this the value of X0/XL in 
relation to the Q may be evaluated. The value of Xo in 
terms of capacity may be obtai.ned from the abac of Fig. 6.67 
by placing a straightedge from the correct position on the 
Xe/ XL scale across to the desired frequency on the frequency 
scale, and reading off the value of C where it intersects. 

Collector- Voltages 
All the voltages app!ied to a transistor need tbe most 

careful attention for, unlike valves, transistors are not 
sympathetic to even momentary voltage overloads. In the 
tank circuit of a transistor class C amplifier, and to a lesser 
extent a class B amplifier, the peak voltages will far exceed 
the supply voltage, and this must be taken into account when 
transistors arc selected for this class of service. Especially is 
this so when the transistor is amplitude modulated. Jn 
such cases, it is desirable that the rated working voltage 
between collector and emitter should be five times the 
applied d.c. voltage. When twting up any transistor trans
mitter, the stages should be loaded to some degree to reduce 
the peak voltages between the collectors and emitters. 

Tr-ansistor Neut ralizat ion 

Like valves, transistors have internal capac1t1es, and 
for the same reasons, these may have to be neutralized 
depending on their magnitude and the frequency of opera-

Cl 
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f ig. 6.71. Neutral i:z.ing circuit for '1 transistor p.a. 

tion. Transistors also have internal conductance which 
sometimes requires neutralization. If the neutralizing of a 
transistor is incorrect, there may be a loss of gain (degenera
tion) at one frequency setting of the output circuit while at 
another it may be highly regenerative. 

The neutralizing system whicb appears to be tbe easiest to 
adjust is illustrated in Fig. 6.71 . It was originally designed 
for use with triode valve amplifiers and was later used in 
caseode r.f. amplifiers. 

Jn the circuit of Fig. 6·7 1, the inductance is arranged 
to resonate with the collector-to-base capacitance of the 
transistor at the operat ing frequency. At resonance, since 
Xo = XL. the internal capaciry of the transistor will be 
neutralized. 

Output Matching 
Output matching is arranged in the same manner as for 

valves, and is best accomplished by fitting a link to the 
collector tuned circu.it, the turns of which are proportioned 
in relation to those on the tank circuit inductance. 
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TABLE 6.7 

Self·resonant frcquencie$ of capacitors commonly used in amateur 
transmitters. 

Lead 
Capacitor Type Maker Length Frequency 

O· I µF 350 volts paper foil (~702A) Oubilit?r ·fin. 3·4 Mc/s 
0· I µf metalized paper (W99\ Hunts tin. 5·95 Mc/s 
0·01 µF ceramic disc (PZ) Er io t in. 17·8 Mcfs 
2200 pF polystyrene GEC tin. 30 Mc/s 
0·001 µ F met'.3lized paper (W99) Hunt.s fin. 43·6 Mcfs 
0·001 µF ceramic disc (NY) Erio f i n. 53 Mc/s 

Bypass Capacitors 

Due to the lower impedances encountered in transistor 
circuits compared with those in valve circuits, any residual 
impedance in bypass capacitors must be correspondingly 
lower. It will be found therefore that the bypass capacitors 
employed in transistor transmitter circuits are larger relative 
to frequency tban those in similar valve circuits. It is 
essential that the type of capacitor is selected with care, since 
increasing the value of the capacitance may be accompanied 
by an increase in reactance in some cases. This is of par
ticular importance so far as the capacitor across R in Fig. 
6.70 is concemed, for if this shows reactance at the operating 
frequency it will either upset the matching of the link to the 
previous stage, or necessitate an increase in the drive to the 
p.a . transistor, or both. 

OUTPUT COUPLING CIRCUITS 

The output coupling circuit of the tank circuit of a trans
mitter is as important as the output circuit itself. There is no 
point in having potential energy avai lable if it cannot be 
used. 

Link Coupling 

The most commoaly used method of transferring the 
power available in the anode circuit is by means of a link 
winding. This consists of a few turns of wire, usually of the 
same gauge as the wincling on the coil, placed adjacent to the 
earthy end of the coil and co-axial with it. ln practice, 
and to allow the position of the link winding to be moved 
relative to the tank coil, it may be wound fractionally larger 
so allowing it to sl ide up and down the coil former. 

Before winding the link, it is necessary to know the 
impedance into which the link will feed. The turns on the 
link and the turns on the tank. coil constitute an impedance 
transformer. Just as it is necessary to match the anode 
tank circuit to the p.a. impedance for optimum power, so it 
is necessary to match lhc link to the impedance it has to feed 
if the most efficient transfer is to take place between the tank 
circuit and the link. 
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Fig. 6.72. U nt:uncd link output circuit. 

The load resistance which is placed across tbe link coil is 
transformed into the primary circuit to produce the load 
resistance for the valve or transistor. 

The usual practice is to feed the power frorn the p.a. by 
means of a link connected to a co-axial cable which feeds 
an aerial array with an impedance which matches that of the 
co-axial line or an aerial matching device. The arrangement 
is illustrated in Fig. 6. 72. 

The ideal conditions are not always easy to meet in practice. 
If the link is accurately matched to the line, it is frequently 
found that as it is coupled to the p.a. tank coil, the leakage 
inductance of the link detunes the p.a. circuit. In order to 
restore the p.a. current to its loaded value, the tuning 
capacitor needs to be adjusted to compensate for this 
leakage inductance. As the coupling between the link and 
tbe p.a. coil is increased (as they arc moved physically closer) 
the detuning becomes more pronounced. However, the 
effect is usually more irritating than serious. 

Tuned Link Coupling 

As an alternative to the simple link, a tuned link system 
can be employed, and in many instances this can show 
distinct advantages. The arrangement is shown in Fig. 6.73. 

PA TANK n L

2 

CAf''mo• ~ / 
CO-AXIAL CABLE 

LINK TUNING CAPACITOR 

Fig. 6.73. Tuned link output circuit. The link Ll together with the 
capacitor forms a series tuned circuit resonant at the operating 
frequenc;y. The link capacitor should tune throu1h the value given 

in Table 6.8. 

Provided that the far eud of the coaxial cable is correctly 
terminated, the input impedance will be substantially 
resistive and equal in value to the impedance of the cable. 
By the use of a series tuned ci rcuit this impedance can b~ 
matched. While the Q will be low, this is .no particular dis
advantage for, if the Q were high, the tuning of the link 
would require adjusting with excursions in frequency. 

Table 6.8 gives the value of capacitance which, in associa
tion with a suitable coil, will produce a link circuit with a Q 
of two. The link should be wottnd so that when it is lightly 
coupled to the p.a. tank circuit, the anode current of the p.a. 
rises as the link tuning capacitor is tuned through the value 

TABLE 6.8 
Values of the link t Hning capacitor in Fig. 6.73 with which the link L2 
must be made to resonate at the operating frcq1~cncy. The values 
given shou ld not be exceeded at resonance, but" value of c:Lpaei
tor should be fi tted which is somewhat higher tht\n the m:iximum 

fiture given. 

Amateur Band 
Impedance of Co-ax ial Cable 

Slohm 75 ohm 

1·8 Meis 900 pF 600 pF 
3·5 Mc/s 450 pF 300 pf 
7 Mc/s 230 pF 150 pF 

14 Mc/s 11 5 pF 75 pF 
21 Mc/s 80 pF 50 pF 
28 Mc/• 60 pF 40 pF 

·--



specified in the table. Once the coil has been adjusted to 
produce this condition, the link capacitor should be left 
at the value which produces the peak in the anode current of 
the p.a. The link coil should be moved towards the tank 
coil until tbe desired degree of loading is obtained. It is 
probable that the co-axial line, even if correctly terminated, 
will exhibit some reactive element. As the frequency is 
changed, the link tuning capacitor may therefore require 
slight adjustment. T he degree of trimming that this capacitor 
will require will depend on the extent of the reactive compo
nent. 

Due to the low Q of the tuned link, fairly tight coupling 
between the link and the tuned circuit will be required. How
ever, as it is resonant, and any rcactance can be tuned out, 
the tank capacitor will show less deviation from the un
loaded dip position as the coupling is increased compared 
to the untuned link method. This is to be expected in a 
double tuned circuit usin g mutual inductance. Any change 
experienced is usually due to increases in stray capacitive 
coupling as Lhey approach each other. 

Pi-N etwork Coupler 

The pi-network is a circuit which is capable of matching 
the p.a. impedance of a transmitter to a wide range of load 
impedances. It uses comparatively few components. 

T he commonly-used pi-network arrangement is shown in 
Fig. 6.74. RI (shown dotted) represents the output resistance 
of the valve which is to be matched through the network 
to the aerial or load impedance (equal to R2 + X2). Ln 
order to achieve a correct match, tbc reactive part of the 
aerial impedance must be elim inated when presented through 
the network to the valve. At the same time, the loaded 
Q of the network when regarded as a tank circuit should 
normally be in the region of 12 in order lo provide the 
necessary " flywheel " effect. 

To meet these requirements, the two capacitors C l and 
C2 and t·he inductance L should have certain value~ of 
reactance as given by the following formulae: 

Rl JR2 
Xo1 = Q ( L + RI) ... . (1) 

Xe~= Xo1 -JR2 

RI 
.... (2) 

XL= - I + -Rl ( J R°2 )z 
Q IV 

.... (3) 

wllere Q is the loaded Q of the circuit . 
For any particular frequency, the corrcspontli.n.g values of 

Cl, C2 and L can be calcula ted from the rcactnnce charts 
shown 011 page 6.42 or from basic formulae. 

The maximum practicable ratio between RI and the 
resistive component of the load R2 is about JOO : J. Correct 
matching will be more easily obtained if the ratio is appreci
ably smaller tban this. 

The value of Rl representing the effective p.a. anode 
impedance can be calculated by assuming that the peak r. f. 
voltage swing at the anode is about 80 per cent of the d.c. 
supply voltage, Vi,. It will then be given by-

(0·57 x Vi,) : 
RI = P ohms ... . (4) 

where Pis the power output of the valve in wntts. [t is much 
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simpler, however, to measure the power i11pllf, and if an 
assumption is made with regard to the anode efficiency the 
expression can be converted into a more useful form. Thus, 
if the stage is assumed to be 70 per cent efficient, the ex
pression becomes-

Vi,, 
R I = 460 x T. ohms .. . . (5) 

where 1. is the anode current in milliamperes. Eitl1er of the 
expressions (4) or (5) may be calcula ted from the operating 
data given in the valve manufacturer's catalogue. 

A chart derived from equations (1) and (3) is given in 
Fig. 6.75 from which X01 and XL may be determined for a 
required ratio R2/Rl , assuming that the Q of the loaded 
circuit is 12. The value of X0 , is then obtained from equation 
(2). The following example shows how this chart is used. 

EXAMPLE: A single e1ufed Q V06-20/6146 is to be operated 
011 3·5 Afc/s at 011 h.t. of 500 volts a11d 011 anode current oJ 
JOO mA. Fi11d the constants of a pi-ne twork with a Q ofl2 to 
match a load i111peda11ce of 75 ohms. 

From equation (4) 

500 
R I = 460 x 

100 
= 2300 ohms 

The ratio of R2 : Rl is 75 : 2300 or approximately 0·03 
which is well within the limit for securing a Q of 12 (i.e. 
Rl /R2 ::f> 100). 

Using Fig. 6. 75 to determine Xe., left-hand chart, proceed 
up the 0·03 vertical, and estimate the position of 2300 ohms 
between the 2000 and 3000 ohm curves. Read off Xe, on the 
lefthand scale: this is approximately 240 ohms. 

Usi r\g the right-band chart in the same manner, determine 
X,,. T his is approximately 260 ohms. 

Applying equation (2) calculate Xo2 

X02 = 240 J 15 
= 45 ohms approximately 

2300 

T he reactances of X 0 ,, 240 oluns X02, 45 ohms, and XL, 
260 ohms are now known. 

From the rcactance charts (Chapter 22) convert these into 
practical units: Cl, 180 pF; C2, 1000 pF, and Ll, lOµH. 

To allow for errors in reading the charts, it is wise to fit 
larger values than those calculated. In this example, the 
components fitted would be Cl, 250 pF, and C2, 1000 pF 
variable with 500 pF fixed in parallel giving a total of 

JHT+ 

gRFCI 

jb LOAD 

I 332 i"SRFC2 X2 

'1 

Fie. 6.74. Basic pi-network impedance marching ci rcu it fo r feed ine 
an unbalan ce d load. RI and XI repre$ent the o utput resistance and 
reactance of tho valve: R2 and Xl are the resistance and reacunce 
of the load . The pro per matching of RI and Rl is effected by varying 
the relative v::.ilues of CJ and Cl; the reactances X I and X2 can be 
c:;ancellcd by t he positivo or negative variation of these capacitors. 
In practica, a cho ke RFC2 is often added to prevent the appearance 
of the h.t. suppl y vo ltage across the 1oad termina ls in the even t o(an 

insulation-breakdown in Cl. 
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Fig. 6.75. RcO\cbnce cha.ru for the design of pi·netwo rk c:ouplers : see text for d etails. 

1500 pF. Additional charts for the design of pi-network tank 
circuits are given in the Radio Data Reference Book (RSGB). 

Tbe pi-network coupler has one important advantage over 
the parallel tank circuit. As it functions as a low pass filter, 
it shows a high degree of attenuation to harmonics of the 
frequency to which it is tuned, but to secure the maximum 
degree of suppression, the components have to be carefuUy 
placed. The capacitors Cl and C2 should be mounted 
directly on the chassis with Cl as close to the p.a. valve as 
possible. The outer braiding of the co-axial cable should be 
connected 10 the same point as the earthing of the rotor of 
C2, and the inner conductor should be shielded right up to 
the point where it is connected to C2. 

The earth connection through the chassis between C l, L 
and C2 should be of good conductivity. Since the chassis 
will carry the circulating current care must be taken that 
stray coupling to earlier stages docs not exist. An excellent 
arrangement would be lo connect the capacitors together with 
copper strip and conuect thc111 l.o earth al one point only. 

Ln operation the pi-network olTcrs the particular attraction 
that any reactance on the co-axial feed line can usua lly be 
tuaed out. 

The amount of capacitance used at positions Cl and C2 
will be modified by the stray circuit capacitances, but because 
these arc normally small when compared to the values of C J 
and C2, and since it is usual to provide a somewhat higher 
variable capacitor than that of the calculated value, stray 
capacities can usually be ignored within the frequency range 
l ·8-30 Mc/s. 

6.42 

As the values of Cl and C2 decrease as the frequency 
increases, multiband operation c:in sometimes be arranged 
by designing the coupler for the lowest frequency band, and 
providing the coil with a number of suitable tapping points. 

This will not give as high efficiency as that attainable with 
individual coils for each band, for as the tapping poi1lls arc 
bridged tbe working part of tbe coil wi ll " see" a number of 
shorted turns, and tbcse will reduce the efficiency. Altema
tively a variable inductance can be used and Cl switched for 
each band. 

PA Choke Considerations 

Owing to the tendency of iUl r.f. choke to resonate at 
various frequencies, depending on its desigu, some caution 
is necessary when using a parallel-fed tank circuit. A choke 

Fia. 6.76. Construction of:in all-band r .r. choke sui table lor a par':lllcl -
rod p.a.. stage. The forme r ma.y be m a de o r Tufnol o r p.t.r.e. The 

w ire u.5ed is 30 s.w.1. d.s.c.. 



suitable for an aU-band high-power parallel-feel p.a. stage is 
illustrated in Fig. 6.76. This has been designed so that no 
resonances are present within the amateur bands; neverthe
less the possibility or an unexpected resonance should be 
borne in miod since a metal chassis or a screening partition 
in the vicinity of the windings can alter the characteristics 
appreciably. Resonance will be noted by a loss in efficiency 
and by overheating of the choke windings. The choke 
former should be made from a material with good electrical 
properties and capable of withstanding without softe11ing 
the temperature which it may acquire by being mounted 
close to the p.a. valve. A suitable material is Tufnol, or 
p.t.f.e. 

Pi-networks in Push-pull 

It is practical to apply the advantages of a pi-network, to 
valves operating in push-pull and this is shown in Fig. 6.77. 

In this the calculations are made for one half of the circuit 
according to the values given on the diagram, and similar 
components fitted to each half. 

BALANCED 
INPUT 

I 

;---<>HT+ 

g RFC 

,. ___ , . 
~-

BALANCED ,:2R
2 

LOAD ~-
l . 
I ,. ___ , 

Flf. 6.77. Twin pi·natwo rk for a push-pull o ut put stage. If prcfe_rrcd 
the pairs: of capacitors CJ, Cl, and Cl, C~ can be repla~ed ~Y single 
capacitors, the earthed centre connections then being ignored. 

Pi-output Safety Precautions 

lf the blocking capacitor shown as C3 in F ig. 6.74 develops 
a short circuit , there would be a possibil ity of the load 
assuming a dangerously high potential if it had no d.c. 
return. To prevent such a situation, the r.f. choke RFC2 
should always be fitted, artd the h.t. supply to the p.a. valve 
correctly fused. With certain aerial systems, this chok.e will 
provide a path for electrostatic voltages built up on the 
aerial. To avoid the transmitter enclosure assuming a 
dangerous potential under electrical storm condi tions, it 
should always be connected to nn efficient earth. 

Pi-network N eutralization 

P.A. stages employing pi-networks may be neutralized by 
means of the arrangements illustrated in F igs. 6.56 and 6.58. 
Cross-over neutral ization may be used with push-pull 
pi-network stages. Contrary to popular opinion on the 
subject it is always best to neutralize p.a. stages using 
modem valves. 

9-RCll • • 
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Adjus ti ng the Pi-network Coupler 

To lune a pi-network coupling the following procedure 
will be found satisfactory. First, with a dummy load con
nected, set the " loading" capacitor (C2 in Fig. 6.74) to 
maximum capacity and tune the anode capacitor (Cl in 
F ig. 6.74) for minimum p.a. anode current, with a low 
power input to avoid possible damage to the valve. Next 
connect the aerial load or its equivalent and decrease 
the capacitance of C2 slightly from its maximum value ; this 
capacitor C2 can conveniently be regarded as a " loading " 
control. Then Cl should be readjusted for minimum anode 
current. The procedure is then repeated until a value of C2 
is found at which the output into the load is a maximum 
and at the same time a cl ip in anode current of 10-15 per 
cent can still be obtained by varying C l , the dip being 
coincident with maximum output. 

An alternative, and possibly more sa tisfactory, method is 
to monitor the output voltage or current and adjust the 
pi-network for the required output with normal input. 

lf the p.a. loading is found to increase as the value of C2 
is increased, the ratio between the impedances RI aocl R2 is 
too great to allow correct matching to take place. In this 
event, it is preferable to modify the load impedance R2, 
usua lly by connecting a capaci tance in series; its optimum 
value wil l best be determined by experiment. This capacitor 
should be suitably designed to carry the relatively heavy 
output-load current and one having a good mica dielectric 
should prove satisfactory. 

ADJUSTING POWER A MPLIFIERS 

To avoid possible damage to the valve in a p.a. stage it is 
desirable to make the preliminary tuning adjustments with 
the anode and screen voltages removed. If a grid dip oscilla
tor is available, it is a simple mailer to tune the anode and 
grid circuits to the frequency of operation before any power 
is applied. 

lf a grid dip oscillator is not employed, normal bias should 
be applied to the valve. lf link coupling is used, both 
links should be adjusted to give rather less than maximum 
coupli1\g. A milliammeter in the grid ci rcuit of the p.a. 
stage, Fig. 6.78, will indicate when optimum coupling 
has been obtained. The procedure is to tune the driver anode 
tank circuit to give minimum anode current in the driver, 
and, with the links set as above, the p.a. grid circuit is tuned 
to give maximum drive ns indicated by the grid milliammeter. 
The link coils may then be rcncljustccl to give tighter coupling, 
followed by further slight retuning of the driver anode and 
p.a. tank circuits, if necessary, to give maximum grid current. 
The latter should have a value 30-40 per cent greater than 
the specified value for the valve since it will fall by approxi
mately this amOLlllt when the anode voltage is applied later. 
The frequency to which the grid circuit is tuned should be 
checked with an absorption wavemeter. 

N eutralization 

The stage must now be neutralized. Variation of the 
anode tuning capacitor th rough resonance should have no 
influence on the grid current, provided that the stage is 
correctly neutralized. Neutralization should be carried out 
at the highest frequency on which the amplifier is to operate. 
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There arc two main methods of 
neutralizing an amplifier: with the 
b.t. removed from the anode and 
screen of tl1e valve (" cold " neutral
ization) and with the h.t. applied 
(" hot " neutralization). Cold 
neutralization is to be preferred on 
the ground11 of safety. 

The prccedure for neutralizing 
an amplifier is as follows: 

Cold Met!tod 

LI 

PA VALVE PA VALVE 

(A) 

(a) Disconnect the h.t. from the 
anode and screen of the valve. 

(b) Disconnect any output load 
from the valve. 

(c) Set the neutralizing capacitor 
to minimum capacity. 

Fie. 6.78. Grid current meter positions. T he U$C o f a grid current meter is essential during the 
t,uning·up of 41. p.a. and should preferably be a permanent fca.tura in a.ny transmitter. 

(d) Set the anode tuning capacitor to the point at which it 
influences the grid current. 

(c) Increase the neutralizing capacitor slightly. 
(f) Vary the anode tuning capacitor to determine whether 

neutralization has been achieved. 
(g) If not, repeat steps (ii), (ill) and (iv) until the stage is 

correctly neutralized. 

An alternative method of cold neutralizat ion is to feed a 
signal to the anode of the valve and adjust the neutralizing 
capacitor for minimum indication on a valve voltmeter 
connected to the grid circuit. 

Sometimes it is not possible to eliminate entirely inter
action bct\vcco the two ci rcuits but this does not necessarily 
mean that the circuit will not function properly. However, 
the greatest care should always be taken to achieve the 
lowest possible degree of interaction. 

In a push-pttll amplifier the two neutralizing capacitors 
should be varied together (i.e. with similar values) so that an 
approximate balance is main tained during the process. The 
final correct balance may be found to occur with slightly 
different settings of the two capacitors but if the values are 
greatly different the balance may be upset when the operating 
frequency is changed to a different band. A well designed 
and constructed amplifier, when correctly neutralized, 
should remain so over the full range of frequencies I ·8-30 
Mc/s. 

Hot Met/tori 
This is carried out in a similar manner to that described 
for cold neutralization with the same object: to achieve the 
lowest possible interaction between the anode and grid 
circui ts of the amplifier. As it is performed with anode and 
screen voltages applied to the valve, the greatest possible 
care must be taken to avoid coming into contact with the 
high voltage supplies. It is a good rule to keep one band in 
your pocket while carrying out this type of adjustment. 
Before making any adjustment, the power should be 
switched off and the capacitors allowed to discharge; the 
h.t. line should then be shorted to earth. (See Chapter 20 
for further advice on safety precautions). 
A final check of the neutralizat ion should be made by 

applying a low anode voltage, removing the grid drive, and 
adjusting the bias so that it produces a standfog anode 
current corresponding to about half the maximum per
missible anode dissipation. If the neutralizing setting is 
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incorrect, self-oscillation is almost certain to occur. This can 
be detected in various ways, e.g. by the glow in a neon lamp 
held near the " hot " parts of the anode circuit, by t he 
lighting of a flash-lamp bulb connected to a loop of wire 
when coupled to the tank coil, or by an absorption wave
mcter. A.node-current variations will also be observed 
when the gricl or anode tank capaci tor is tuned through 
resonance. 

If it appears impossible to achieve proper neutralization 
the cause of the difficulty may lie in the presence of parasitic 
oscillation. Methods for suppressing such oscillat ions are 
described on page 6.36. 

When the amplifier has been neutralized, a suitable load 
should be coupled to the anode tank coil; the grid drive 
may then be applied though still with reduced anode and 
screen voltages. T his load may consist or an ordinary 
domestic electric lamp of suitable power rating or preferab ly 
a carbon resistor of StLitable rating to dissipate the power 
output (the Electrosil type H39, for example). 

When h.t. is applied to the p.a. the anode tuning capacitor 
should be quickly tuned for maximum dip in the a node 
current to avoid damaging the valve. It can be assumed that 
the circuit is correctly loaded if the d ip in anode current 
when the tank circuit is tuned tl1rough resonance is 10-15 
per cent. If a lamp is used as the load it should be connected 
to the coil by the shortest practicable leads, the wires being 
soldered d irectly to the lamp-cap contacts. 

After the ampl.ifier has been tuned al reduced power, 
full power may be applied. A rough estimate of the power 
output may be made by observing the brilliance o f the lamp. 
Finally the anode efliciency and dissipation should be cal
culated to ensure that the valve is being operated within its 
ratings. 

If it is foltod that varying the anode tank capacitor about 
the resonance position causes the grid current to change 
sharply at any point, it is a sign that feedback is taking 
place and closer attention should be paid to the screening 
or to the neutralizing adjustments. Besides being trouble
some in other ways such feedback can cause intem1ittent 
spurious emissions in phone operation and produce effects 
similar to those of over-modulation. 

Sometimes the hming adjustment that produces the 
maximum output from the power amplifier docs not coincide 
with the tuning adjustment for minimum anode current. 
This can be due to faulty neutralization but it can sometimes 
be traced to a variation in the screen voltage as the circuit is 



tuned through resonance, and in this event the remedy is to 
stabilize the screen voltage. 

Adjusting Transistor Power Amplifiers 

It is essential to load the output circuit of a transistor 
power amplifier during the tuning procedure. Unless this is 
done, the peak collector voltage may exceed the collector
base rating and the transistor destroyed. A suitable low 
power dummy load is shown in Fig. 6.79 although it is of 
course quite possible to use a high wattage carbon resistor of 
the type used as a dummy load for valve transmitters. 

STf\IP &ACK CO-AX AS SHOWN MAKING 
LENGTHS 'C' EQUAL. SLIOE IN THROUG 
AP EllTUl\E IN FRONT l\ING AND 
TEllHINATE SO THAT CENTI\£ 
CONDUCTOR IS HELD fll\HLY. 

REAR TERMINATION TO 
WHICH CENTf\E OF CO-AX 
LEAD IS JOINED 

Fie. 6.79. A 75 ohm dummy load. For 10 watu diuipatlon, II 820 
ohm, J watt, I 0 per cent carbon resistors should be fitted to form 
the" caae" : for 50 watt•, 25 1800 ohm, l watt, 10 per cent carbon 

re1ietorte 

It is comparatively difficult to obtain the optimum output 
from a transistor p.a. with simple link coupling but a tuned 
link permits a reasonably bigh power output be to achieved. 
For 75 ohm feeder, the capacitances used to tune the link 
in a transistor p.a. should be three to four times those given 
in Table 6.8. 

Apart from employing an oscilloscope to examine the wave
form at the collector and a high resistance voltmeter across 
the biasing resistor there is no way of determining the circuit 
conditions in the case of an original design. When working 
to a published design it can be assumed that the necessary 
investigations have been undertaken: provided the right 
voltages are applied and the correct currents indicated, the 
transistor will be operating correctly. 

In an original design, reduced drive should be applied 
initially_ The drive is then adjusted by positioning the 
drive link until a voltage is indicated on the meter and 
the resulting r .f. waveform can be seen on the oscilloscope. 
The tank capacitor is then adjusted to peak the r. f. output 
voltage. The output link is adjusted to draw power from 
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the taok circuit, and this will be reflected as a drop in 
the peak voltage indicated. The drive is then increased 
to a level which wiJJ indicate an angle of flow of about 
150°, and the drive voltage checked to ensure that it is 
well below the base emitter rating of the transistor. The 
collector tank tuning and the output link tuning (or the 
position of the output link) are next checked for maximum 
output to the load by adjusting the tank for peak voltage and 
the li.nk for a reduction in that voltage. 

The drive is increased until the peak r.f. collector voltage 
rises to 75- 80 per cent of the d.c. collector voltage at which 
point the loading is again checked for optimum power 
output. The drive is further increased until the pea k r.f. 
collector voltage is l ·25 x V., provided that the base· 
emitter voltage remains within its rating. The duty cycle 
of the p.a. transistor at this point will be short and it should 
operate for long periods wit.bout signs of overheating or a 
steadily rising collector current indicating thermal run
away. U either of these are experi11nced, the drive must be 
immediately reduced. 

In view of the high harmonic content it is most desirable to 
follow a transistor with an aerial tuning unit to reduce the 
harmonics as far as possible. 

POWER RATINGS OF R.F. AMPLIFrERS 

The maximum permissible ratillgs at which a valve may 
be eperated are specified in the valve manufacturers' pub
lished data. In the case of some US valves, the manu
facturers specify two different ratings : (i) the CCS or 
Co11tinuo11s Commercial Service rating, in which long life 
and consistent performance are the chief requirements, and 
(ii) the ICAS or Intermittent Commercial and Amateur 
Service rating in which high output from tl1e valve is a more 
important consideration than long life. The term " inter
mittent " applies to ON periods (key down) not exceeding 
five minutes followed by OFF periods (key up) of the same 
or greater duration. This must be remembered if it becomes 
necessary, as for instance while testing, to keep the key 
closed so that the valve is then in continuous operation. 

The following are the main features to be borne in mind 
when considering the power-handling capabilities of a valve. 

Power Input 

The power input to the valve is the d.c. power P, fed lo 
the anode circuit from the h.t. supply. It is given by-

. 14 x Vi. 
Pi = 

1000 
watts 

where 11 - anode current (mA) 
V,., - anode voltage (V) 

Power Output and A node Efficiency 

Not all of the h.t. power supplied to the valve is converted 
into r.f. energy; part is expended in heating the anode. 
The power-handling capacity of the valve is limited by the 
maximum permissible dissipation of heat by the anode 
through radiation and conduction. The anode efficiency 
is given by-

. P • . 
Efficiency = p, , x 100 per cent 

where P. = r.f. power output 
P1 ... d.c. power input to the anode circuit 
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The maximum r.f. power output obtainable from a valve 
may be predicted from a knowledge of the anode dissipation. 
For example, consider a valve with a maximum permissible 
anode dissipation of 12 watts, operating in clnss C, the 
efficiency being about 70 per cent. Of the d.c. power input, 
70 per cent will appear as r.f. energy and 30 per cent as heat 
which must be dissipated by the valve anode. This amount 
of beat is limited by the valve rating to 12 watts. Thus-

30 
Maximum dissipation = 12 watts -

100 
x d.c. input power 

Therefore-

100 
Maximum power inplll = I 2 x 30 = 40 watts 

provided the maker's ratings nrc not exceeded. 
F or two such valves operating under the snme conditions, 

either in parallel or in push-pull, the maximum power 
input would be 80 walls. If the anode efficiency is less than 
70 per cent, the maximum power output would be corres
pondingly lower. 

In a frequency multiplier, the anode e!fleicncy will be 
substantially lower, and the maximum permitted d.c. input 
will be correspondingly reduced. In a frequency doubler, the 
efficiency is likely to be 50 per cent, leaving 50 per cent to be 
dissipated in the anode. In a tripler, as the output efficiency 
is likely to be 30 per cent, the anode power loss wi ll be 70 per 
cent. 

To arrive at the maximum permitted d.c. input for a 
frequency multiplier, the equation above should be modified 
so that the power loss figure is substitued as follows: 

M . d . d . . . (W. ) lOO ax1mum .c. mput = Ano e d1ss1pat1on a lts x Ap, 

where Ap1 is the percentage anode dissipation, i.e. doubler 
SO per cent, tripler 70 per cent. 

Screen Dissipation 

All the d.c. power supplied to the screen circuit is expended 
in beating the screen. Since the screen is constructed of 
relatively thin wire mesh, the valve may be permanently 
damaged if the permissible diss ipation is exceeded even for 
a relatively short period. 

When the screen grid is fed with h.t. from a separate supply 
provision must be made for it to be removed immediately if 
the anode supply fails. If screen grid voltage is applied in the 
absence of anode voltage, the screen will be burnt out. 

Screen Vo ltage Supply 

There are three common methods of supplying the screen 
grid voltage for a tetrode or pentode valve: 

(a) by a voltage dropping resistor in sei-ies with the anode 
supply; 

(b) from a potential d.ivider coru1cctcd across the anode 
supply. 

(c) from a separate supply. 

In the case of the series resistor, the voltage regulation of 
the screen grid is relatively poor due to varia tiot\S in the 
anode supply voltage with variations in the valve loading, 
and consequential variations in the screen grid current. The 
advantage of the series resistor method is that since the 
value of the series resistor is normally high, this limits the 
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maximum current of the screen grid, an d so gives some 
degree of automatic protection. Some valves, however, will 
draw negative screen current; in such cases a series resistor 
a lone is useless. 

In the case of a supply derived from a potential divider 
across the h.t. supply, the current through the network is 
substantially higher than that taken by the screen grid, and 
this prm'ides a measure of voltage regulation. 

(b) 

RI EI
HT+ 

R2 (a) 

HT-

e MAINS E 
SEPARATE HEATER 

WINDING 

(d ) 

Fig. 6.80. (a) and (b). Calculation of resiotanceo in ocreen voltac• 
circuits. (c). Cathode follower p.a. 1cuen oupply circuit. (d) HHter 

oupply for the cathode follower valve . 

Methods (i) and (ii) arc illustrated in Fig. 6.SO(a) and (b). 
If the screen voltage is applied through a series dropping 

resistor, as shown at (A) in Fig. 6.80, the calculation of the 
correct resistor value is very simple. Consider, for example, 
the requirement,s for a typical p.a. valve: 

Screen voltage = 250 volts 
Screen current 6 mA 
Supply line voltage = 750 volts 

T he series resistor must drop 750 - 250 volts (i.e. 500 
volts) for a current of 6 mA. Therefore its resistance must 
be-

750 - 250 
RI = 

0
.
006 

= 83,000 ohms 

Under these conditions the power dissipated in the resistor 
\\~U be (750 - 250) V x 6 mA = 3 watts. 

Fig. 6.80(b) shows the voltage supply to the screen grid 
derived from a potential divider. The design procedure is 
best explained by taking the same example. The resistor Rl 
in this case carries the screen grid current and the current 
through R2. Assume that the total current through RI is 
three times the screen grid current (i.e. 18 mA). Then RI 
can be calculated: 

750 - 250 
RI = 

18 
= 27·8 K ohms 

The resistor R2 carries the total current minus the screen 
grid current (i.e. 12 mA). So R2 can be calculated: 

250 
R2 = 1f = 20·8 K ohms 



The power dissipated in each resistor is easily calculated 
va 

using the formula P = if' 

d
. . . (500)= 9 

Power iss1pated m Rl = 
27800 

= watts 

(250)" 
Power dissipated in R2 = 

20800 
= 3 watts. 

Resistors of the nearest preferred value should be chosen 
with wattage ratings of double the above calculated power 
dissipations. The higher current consumption of the 
potential divider method is the price paid for improved 
regulation. 

Fig. 6.SO(e) shows a cathode follower circuit wl1ich 
provides a variable screen grid voltage wi1h very good 
regulation. The output resistance of a cathode follower is 
low, being approximately l / cm so current variations affect 
the voltage output only slightly. The output voltage can be 
easily adjusted by varying the control grid voltage of the 
cathode follower. Most of the common triodes and pentodes 
may be used, though it should be remembered tha t the valve 
selected must be capable of carrying more than the p.a. screen 
current. A separate heater supply shouM be provided for 
the cathode follower with the cathode connected to one side 
of the heater through a 100 K ohm resistor. This eliminates 
the danger of breakdown of the heater to cathode 
iil5ulation. 

The cathode follower circuit may be modified to perform 
a number of other functions; see, for example the Series 
Gate Modulator in Chapter 9-Modu/ation. 

Capacitor Ratings 
A fixed capacitor which is used in r.f. circuits where any 

loss of power must be avoided should have a mica or ceramic 
d ielectric. These types have the required low dielectric 
loss, low inductance values and high insulation resistance. 
Low inductance is a particularly important requirement 
of decoupling and other bypass capacitors since they should 
have negligible reactance over ihc entire working frequency 
range (and above). It is recommended that feed -through 
or other disc types be used for low-power circui ts where the 
h. t. supply does not exceed about 500 volts. For normal 
h.f. transmitter use, the values of decoupling, d.c. blocking 
and r.f. coupling capacitors lie within the range 1000 pF 
to 0·01 µF. 

The inductance of capacitors and hence their resonant 
frequency can be modified by mounting them so that their 
leads enclose as small an area as possible. With tubular 
types, mounting them in earthed tubes will reduce the 
inductance. If a capacitor is series resonant with its leads at 
or near to the operating frequency, it is ideal for bypassing 
the screen grid and cathode, particularly at v.h.f. 

Fir . 6.81. Grid-tank capaci· 
tor voltap r•tinr•. T·he 
pea.Jc voltaae, V, a.croes 
each &ect:ion i• equal to 
th• biaa voltace plua 25 per 
cent of ti.. appliM d.c. 

anode volt:are. 

H.F. TRANSMITIERS 

The self-resonant frequencies of a number of British fixed 
capacilors commonly used in amateur transmitters are 
given in Table 6.7. 

To allow a margin of safety, the voltage rating of a capaci
tor should be at least 50 per cent greater than the peak 
vollngc which is likely to occur across it, and its size should 
be adequate to carry the r.f. current without 
overheating. 

Grid Coupling Capacitors. The peak applied voltage is 
approximately the sum of the grid bias voltage of the driven 
stage and the d.c. anode voltage of the driver stage; the 
voltage rating of a grid coupling capacitor should therefore 
be nbout 50 per cent higher than this peak value. Since 
some portion of the circula ting current passes through the 
capacitor the current rnting must be adequate. 

Grid Tuning Capacitors. The peak voltage across the grid 
tank capacitor depends on tJ1c circuit arrangement and is 
indicated in Fig. 6.81. ln some cases the grid bias voltage 
must be added to the drive voltage. 

Screen Bypass Capacitors. The voltage rating should be 
l ·5 times the anode vol tage, or 2·5- 3 times this value when 
anode-and-screen modulation is used. The current rating 
must be also considered because some or all of tl1c circuit 
current can flow through the bypass capacitor and C.-so in 
series. 

eutr.ilizing Capacitors. The neutralizing capacitor is 
subjected to peak voltages equal to tbe sum of the peak 
grid voltage and the peak anode voltage, amounting in 
the case of an unmodulated amplifier to about two to three 
times the d.c. anode voltage, and for a modulated amplifier 
about twice this value. 

Anode Decoupling and Blocking Capacitors. ln c.w. 
transmitters the peak voltage across the anode decoupling 
and blocking capacitors is equal to the d.c. anode voltage; 
in telephony operation it rises to at least twice this value 
on modulation. 

Anode Tank Capacitors (including Pi-networks). The peak 
voltage across an anode tank capacitor depends on the 
arrangement of the circuit, e.g. si.nglc-ended, split-stator 
or push-pul l. The values given in Fig. 6.82 assume that the 
amplincr is correctly loaded. In circuits where the d.c. 
supply voltage also exists across the capacitor, as at (C) 
and (F), twice the raling is required, and it is therefore an 
advantage in high-power stages to remove this voltage from 
the capacitor by the use of parallel feed or other suitable 
arrangements. The application of 100 per cent modulation 
doubles the peak voltages occurring in any of the above 
circuits. 

Although the necessary plate-spacing of an air-spaced 
capacitor for a given peak voltage rating depends to some 
extent upon constructional features such as the shapo of 
the plates and the rounding of their edges, a useful guide 
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(F) 

the p.a. stage is assumed to 
be 70 per cent, the peak 
power output will not ex
ceed 420 watts. The peak 
voltage occuring across 1hc 
pi-network output capacitor 
would therefore be-

£ = v 2 x 420 x 7 

= 264 volts 

Pi-tank Tuning Capacitor 
The tuning capacitor of a 

pi-tank circuit in a c.w. 
transmitter must be rated at 
not less than l ·25 times the 
d.c. voltage of the anode, 
and for a.m. and s.s.b., at 
not less than 2·5 times the 
d.c. anode voltage. 

METERING 
Although it is necessary to Fig. 6,82. A node-tank u pacit or volta1e ratin1s. The peak vo ltac e may be taken a.s 80-90 per cent of t he 

h.t. t upp ly vol taic. 
meter the current and/or 

the voltage at several different parts of a transmitter to ensure 
that all the various stages are operating correctly, an 
economy of instruments is made possible by the fact that one 
single reading (of the anode current in the p.a. stage, for 
example) is usually all that is required for not ing quickly 
whether the transmitter is operating normally. The simplest 
arrangement- to measure grid and anode current- is 
illustrated in Fig. 6.84. 

to the voltage at which break-down occurs for different 
values of spacing will be found in Fig. 6.83. 

Pi-network Output (L-Oading) Capacitors. The peak voltage 
E occurring across a pi-network output capacitor is given 
by-

E = y2/>;R,-v0its 

where 1'0 = power output of the amplHicr (waits) 
R2 ... resistive component of the load or aerial 

impedaoce. 
With a low-impedance load (e.g. a coaxial line not exceed

ing 100 ohms) the peak voltage is not likely to be higher 
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Fig. 6.8J. Bre;ikdow n 
voltaae of 2ir..,paced 

capaciton. 

than about 300 volts, even in a 150 watt modulated trans
mitter, and a receiving-type variable capacitor should be 
quite satisfactory. In many cases it may be convenient to use 
a good-quality three or four gang receiving-type capacitor to 
obtain a maximum capacitance of 1500-2000 pF, which may 
be necessary on l ·8 Mc/sand 3·5 Mc/s. The sections may be 
switched out progressively on changing to operation on the 
higher-frequency bands. 

EXAMPLE. A 150 watt phone transmifler is operating iJ110 
a 75 ohm line through a pi-network coupler. Wl111t is the 
peak voltage across the olllput capacitor? 

Since the peak power input occurring on modulation 
peaks is 4 x 150 = 600 watts, and if the anode efficiency of 
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A single instrument of about l mA f.s.d. iu conjunction 
with a multi-way switch to allow connection to the appro
priate points is therefore often found most suitable. Such an 
arrangement is shown in Fig. 6.85. 

The resistors Rl , R2 and R3 in Fig. 6.85 are the shunt 
resistors necessary to give a convenient range-multiplication 
factor for the current to be measured. They are left perma
nently in the circuit to be monitored but owing to their low 
resistance values, the operation of the circuit is not affected. 
On the vollage ranges, the series resistors R4, RS and R6 will 
likewise be selected to give a convenient full-scale dellection 
for the meter. The actual values are calculated as suggested 
in Chapter 19 (Measurements). 

GRID 
CI RCUIT 

GRID 
LEAK 

1700 

TO ANODE CIRCUIT 

Sia 

0-S mA 

Fig. 6.84. Meter awitc:hing circuit meacurinc the anode and arid 
currents in a low powe r p.a. stace. The switch S I ahould be arranged 
to hava a spare earth ed position be tween tho two ranee• to a void 
arci ng an d d:amaae to the meter. In rnedium and h lah powe r trans· 
m itten it•• advisable to meter the cathode current of a p.a. ra th•r 

than the anode current. 
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f ig. 6.85. A simple switchina system enabling ono mete~ to be 
used for measuring th,.ee different c urre nts and three different 
voltages. The switches S I a nd Sl can be of the ganged-wafe r t ype. 
T he rHistors RI , R2, RJ (current range shunts) and R4, RS, R6 
voltage.rancoseries resistors) are selected according t o the required 

ranges and th e futl ·scala current of the meter. 

The selector switch should be of the wafer type, with 
ceramic insulation for the higher voltage circuits; the 
contacts should be of the break-before-make type to avoid 
a short-circuit when changing from one circuit to the next. 
For voltages above about 300 volts it may be necessary to 
use double spacing between adjacent contacts lo prevent 
flash-over, and the circuit should be arranged, where possible, 
so that adjacent contacts are at approximately similar 
potentials. 

As an alterna tive to switching, closed-circuit jacks are 
sometimes used. These arc jacks which keep the circuit 
closed except when the plug is inserted. The advantage 
of the method is that an independent external meter may 
be used but this advantage is outweighed by the simplicity 
and convenience of the switched meter arrangement. 
It must be remembered that spurious radiation is reduced 
when the meter and the associated wiring are completely 
contained within the transmiller enclosure. 

TRANSMITTER D ESIGN SUMMARY 

The following summary is intended to help in the design 
and construction of amateur transmitters for use on the h.f. 
(1·8-28 Mc/s) bands: 

(1) If the transmitter is to be v.f.o. controlled, the v.f.o. 
should be constructed as a separate uni.I and sub
sequently fitted to the main transmitter assembly. 

(2) A v.f.o. must opcnitc satisfactorily and be thoroughly 
checked before it is fi tted to the transmitter. Final 
testing should be carried out in the complete trans
mitter. 

(3) Only the highest qual ity components, rigidly moun
ted and positioned for minimum temperature excur
sio~ should be used in the construction of a v.f.o. 

(4) Where temperature compensation is needed, the 
adjustments should be made after the complete trans
mitter has reached its correct operating temperature. 

(5) A v.f.o. must be followed by a suitable buffer am-
plifier. 

H.F. TRANSMITIERS 

(6) Frequency multiplier stages and driver ampl.ifiers 
should be operated at a power level which is just 
sufficient to provide the required drive to the follow
ing stage. 

(7) ln the interests of reducing the radiation of unwanted 
harmonics of the v.f.o. or crystal oscillator, capacity 
coupling between the driver and the p.a. should be 
avoided. 

(8) In high power designs, bandpass couplers between 
the s tages significantly reduce the level of the har
monic output. While this is also true of low power 
transmitters, such couplers may not be needed to 
reduce harmonic radiation to an acceptable level in 
view of the lower power. 

(9) A pi-network tank circuit tends to limit harmonic 
radiation. 

( 10) Jn certain areas where the television signals arc weak 
an aerial coupler should be employed as an aid to 
harmonic reduction whatever type of p.a. tank circuit 
is employed. 

( I J) Provision for neutralizing should be included in all 
p.a. stages. 

( 12) Power ampl ifiers should be thoroughly checked for 
low frequency or high frequency parasitic osci llation. 

( 13) In power amplifiers employing grid-leak bias, some 
form of safety bias should always be included. 

( 14) It is preferable to construct the transmiiler as a single 
unit in the interests of reducing stray radiation, but 
care must be taken to provide sufficient ver\lilation. 

( 15) If the lransmitter is constrncted as two units, one of 
which is the power supply, all leads leaving the trans
mitter enclosure must be fully decoupled at the 
point at which they leave the cabinet. 

(16) T he physical layout should be as near to a straight 
line as possible to ensure maximum separation 
between the master oscillator and the power ampli
fier. 

(I 7) Both the v. f.o. and the p.a. should be thoroughly 
screened. All power supply leads, including heater 
circuits to the v.f.o. should be decoupled at the 
point '~here they enter the v.f.o. box. This will help 
to prevent feedback from the power amplifier . . 

( 18) Tuned circuits should be positioned so that they do 
not exhibit mutual coupling one to the other, unless 
this is intended. 

( 19) Always ensure that the h.L supplies arc properly 
fused. 

(20) Jn the inlercsls of personal safety, never make adjust
ments to the trnnsmittcr, and especially the power 
amplifier, whi le h.t. is applied. 

T RANSMITTER CO N STRUCTION 

The circuits given in this section are representative of 
current amateur constructional practice and provide a 
broad indication of present trends in the design of high 
frequency amateur transmitters. While Jay~ut plan:> arc ~ot 
given for all the projects described, no particular d1fficul~1es 
should be encountered provided the layout follows a log1cal 
sequence. 

A 10 WATT TRANS IST OR TRANSM ITTER FOR 1·8 MC/S 

T he transistor transmitter is v.f.o. controlled and 
has provision for both phone and c.w. operation. lt is 
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Transistor trans mitter for l ·S·l Mc/s. 

suitable for fixed or mobile use provided the d.c. supply 
line is suitably fil tered. 

Silicon 11-p-11 transistors arc used in 1hc r.f. stages and p-11-p 
types in the modulator and speech amplifier. The collectors 
of the r.f. transistors arc at earth potential, i.e. connected to 
the earthed positive supply. T he p.a. employs three tran
sistors of the same type in the common emitter configura-
ion: three RCA 2N3053 or three Mullard BFY5 1. The 

transmitter is constructed in an Eddy
stone diccast box which acts as a heat 
sink for lhc p.a. trnnsistors, the collec-
1ors or which a rc connected internally 
10 the cases. The arrangement can, 
therefore. only be used with a positive 
earthed supply. 

The circuit is shown in Fig. 6.86 from 
which it will be seen tha1 a double 
wound transformer T4 is used to drive 
T R8, TR9 and T RIO. The emitters of 
these transistors arc cormected to a tap 
on the tank coil TS. 

A para llel tuned ci rcuit is used in 
which the p.a. transistors arc tapped 
down the tank coil so that the coil acts 
as an impedance transformer. The 
actual iapping point is on the middle 
turn of the coiJ to give the tightest 
possible coupling. TS is tuned by a 
900 pF variable capacitor C30 with a 
1000 pF fixed capacitor C31 in para llel. 

This combination provides coverage of the J ·8- 2 Mc/s band 
with some margin for tuning out react ive loads. The aerial 
is coupled to the tank coil by a four tum link. 

Without bias, the p.a. transistors draw no current aod the 
bias for class C operation is provided by resistors in the 
emitter connections. This also helps to equalize the currents 
through TRS, TR9 and TR 10. 

For 10 waits input a t I I volts (a volt or so is lost in the 

TABLE 6.9 
Components fo r the IOW Transistor Transmitter 
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Cl, 21, 3 1 
C2. 16 
Cl 
C4, 18 
CS,6,36 
C7 
ca. 28 
C9 
C IO, 17, 19. 
22-27, 32, 34, 
35 
C ll . 15 
Cl2 

C13, 14, 20 
C29 
C30 
Cll 
CR I 
CR2, 3 
CR4 
FS I 
JI 

LI 

LP I 
Ml 
RI 
Rl 
R3 
R4, 7 
RS 
R6, 18 
RS. IS 
R9, 11, 12 
RIO 
Rl3 
Rl4 
Rl6. 17 

1000 pF mica or polystyrene. 
10,000 pf 30 volt mot>ll lzed pl:utic. 
100 µ f 12 volt electrolytic. 
0·4 µf metallized plu tic. 
IOOµF 3 volt eleccrolyclc. 
12,000 pf 30 volt mot•llized pl:utic. 
I µ ,f meullized pl:utic. 
n o pf cenmic, - 7SO p.p.m./"C. 

O·I 1•f 30 volt metolllzcd pl3'tic. 
680 pf polystyren e. 
176 pf + 208 pf In porollel, oir>p>ccd vorioble, 
with 6:1 epicyclic drive. 
6800 pf mica o r polystyrene. 
O· I 11F pli15tic >nd loi l. 
4SO pF + 4SO pF In parallel, airspoccd varloble. 
25011.F 12 volt electrolytic (in insuloting sleeve). 
OAS or similar germonlum diode. 
OA200 or similor silicon diode. 
9·1 volt, 200 mW Zener diode . 
2 amp lute. 
fgnnic miniature jack socket w ith short-<:ircuiting 
cont:ict :ind additio1ul norm:i11y o pen con c:ict. 
Osmor Q04 with windings in series oldlnr,, int in. 
squ:irc U.t. can. 
Minln.turc f:tmp, 12 volt. 60 rnA. 
Moving coll meter, 0- 1 omp d.c., I ii In. squore. 
100 K ohms. 
68 K ohms. 
ISO K ohms. 
18 K ohms. 
3·9 K ohms. 
1·8 K ohms. 
4·7 K ohms. 
I K ohms. 
470 ohms. 
C»S ohm (see t ext). 
330 K ohms. 
15 K ohms. 

Rl9 
f\20 
Rll 
R22 
Rll. H. 15 
Rx, Ry 
VRI 

330 ohms. 
ISO ohms. 
820 ohms. 
27 ohms. 
3·9 ohms, It w•te wirewound. 
Sec cext. 
50 K ohms log. po tentiometer. 

All resistors ~ watt. JO pe r cent tolerance, unleu otherwise 
stated. 

RFC I , J 

RFC4 
Switch 

T l 

Tl 

T3 

T4 

TS 

Tf\I 
TRl, 3, 11 
TR4, S 
TR6 
TR7-I O 

40 turns 28 s.w.g. on * in. o.d. ferrite cube, It in. 
lone. or Henry' s Radio type RFC8, 5 µ H. 
I ·S mH, Henry'• Radio cype RFC. 
Plcsscy push·button assembly, three in terlocking 
buttons, each w ith thre~ changeover contacts. 
! In scack No. 450 O·OIS in. Radiomeu l laminations 
buttod (Coded groy, I in. x t in . overall, ! In. 
centre limb). 
Primary : 1120 turns 13 s.w.g. 
Secondary: 200 + 200 turns 38 s.w.g., bifil ar 
wound. or Ardencc 03052. 
l in. stack N o. 187 0·018 in. silicon iron laminations 
bu tted (2t in. X 21 in. overall, I in. centre limb). 
180 + 180 t urns, 23 s.w.g., binl~r woun d. 
I I mm. ferrite po t core. adjustable. 
Prht1ol'y ,· 20 turns. 30 s.w.g. 
Secondary: 10 turns, 30 s.w.g. 
I I mm. fcrritQ pot co re, adjustabl e. 
Primary: 6 turns, JO s.w.g. 
Se<:ondory: 3 turns. 24 s.w.g. 
ForrJtc rod, Tin. diameter, Ii in. lone. 
Primary: 9 t urns, 19 s.w .g .. starting 1'\ in. rrom on o 
ond1 tapped at 3t curns aod 41 turns. 
Secondary: -4 turns, 22 s.w.g., on former sliding 
~101\g finish end of core. 
OC202 or 25324. 
OC820M, GETIO<I or 2GTl74. 
OC3S, AOl40 or 2PGT7. 
1N706, BFYSI or 2N30S3. 
BFYS I, 2N30Sl (sec text). 



modulation transformer and r.f. chokes) the mean p.a. 
current is 0·9 amp divided between the three transistors. 
The instantaneous peak current when fully modulated is six 
times greater. The current gain of the transistors faIJs 
rapidly with increasing current in this region and to prevent 
flattening of the modulation peaks (" downward modula
tion") the driver is also modulated. 

Due to high currents and low voltages the decoupling 
capacitors must have very low impedances. The bias 
resistors are each decoupled by two parallel O· l 1LF metallized 
plastic capacitors. The p.a. supply decoupling, through 
which the whole p.a. r.f. current must Oow, comprises a 
l ,..F metallized plastic capacitor C28 in parallel with a 
O· J ,...F foil and plastic unit, C29. Metallized capacitors are 
only just good enough for use at this frequency as the 
resistance of the metallizing film which appears in series 
with tbe capacitor is comparable with the reactance. 

PRE- AMPLIFIER 

:rystal 
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100pF c;> 
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1000pF 
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R6 
1·8K 

DRIVER 
RO 

~~/'F 

KEY 

H.F. TRANSMIITERS 

The p.a. tank ci.rcuit must match the output transistors 
to their load and have a Q of about 10 or 20 to a ttenuate 
harmonics without introducing excessive losses due to high 
circulating currents in the tank circuit. The output irr.
pedance of this p.a., calculated exactly as for a class C valve 
p.a., is about 6 ohms. 

A Faraday screen between the tank coil and the aerial link 
helps to reduce the harmonic output. 

The driver stage TR7 must supply about 100 mW to the 
p.a., the input impedance of which is 50 ohms. This is 
supplied via a tuned step-down transformer T4 wound on an 
adjustable ferrite pot core. Both this core and that on the 
driver input T3 are set to the middle of the band and do not 
require further adjustment. The driver transistor, a 2N3053, 
operates in class A at 40 mA collecLor current. At this lower 
current a small push-on heatsink is adequate, allowing the 
output circuit to be in its usual place in the collector lead. 

MAIN MODULATED VFO 

M ODULATOR 
HT HT HT 

T2 

II 
L P1 

ce 12V 
1fF 60mA 

TR11 
OC82DM 
GET140 
2GT174 

R13 
0·50 
Sctct fcz)(l 

... R14 MODULATION .,. 
330K MONITOR 

MODULATED VFO 
HT 

BUFFER 
HT OVERRIDE Hi 

c10 
0·1 

CR4 
g.1v 

Rl9 
3300 

cu 
6801)f' 

VFO 

R16 
15K 

176+208pF 

PA M 1 
0-IA RFC3 

=•=.:: 

DRIVER 
6800pF 

CIJ 

C14 

Fie. 6.86. The audio and r.f, sections of the 10 watt transistor transmitter for I ·8-l Mcft. 
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On c.w., the driver is keyed, and on NET it is switched on to 
make the v.f.o. audible. 

The oscillator TR6 is designed so that either a series tuned 
circuit or a crystal may be used, although a crystal may 
oscillate only ifC l3 and CI4 arc reduced to about 1500 pF. 
The oscillator circuit is connected bet weer\ base and emitter, 
and the second harmonic is extracted from a tuned trans
former in the collector circuit, thus providing a considerable 
degree of isolation. If a crystal is used, it may be either 
fundamental or sub-harmonic. The supply voltage is 
stabilized by a Zener diode. At I ·9 Mc/s the change in 
frequency between NET and SEND is about 70 c/s and the 
frequency drift during the first JO minutes after switching on 
from absolute "cold " is just under 200 c/s. 

A g.d.o. is essential for checking the r.f. coils before 
assembly. If ferrite cores other than those specified are 
used, the number of turns may need to be altered to obtain 
the required resonant frequency, keeping the same turns 
ratios and the same tuning capacitors. 

As the modulato r and the p.a. share the same supply and 
have the same impedances, an autotransformer or tapped 
choke is used to couple the push-pull modulator output 
transistors TR4 and TR5 to the p.a. This minimizes the 
bulk of a transformer, although it is still the biggest com
ponent in !he transmitter. A 15 watt mains transformer is 

VIEWED IN 
DIRECTION OF 
ARROW 'A' 

VI EWED IN 
DIRECTION 
OF ARROW '8' 

llHK COil 
CARRIER 

STANO- OFF 
INSULATORS 
FOR EMITTER 
CONNECTIONS 

COPPER 
FEET 

HANK 
BUSH 

TO PA EMI TTER CO MPONENTS 

'HYLOC' 
NUT 

suitable and is easily rewound by hand. The wire should be 
spli t on to two reels so tha t the two halves of the winding 
can be wound together. Wind 180 turns of the double wire 
and then cormect the start of one wire to the finish of the 
other. There is considerable d.c. unbalance in the windings 
and to avoid saturation the laminations are gapped by 
simply not interleaving them. The same technique is used in 
the driver transformer Tl. 

The modulator operates in class ABl and can deliver 
6 watts output. The standing currents in TR4 and TR5 are 
adjusted by select ing RY and RX until 30 mA is flowing in 
each collector with no audio input. The two resistors must 
be adjusted repeatedly until both are correct, as they 
interact. On modulation peaks the total collector current 
will rise to about 900 mA. 

Negative feedback is provided from the modulation 
trnmformer T2 to the base of TR3. lf the sense of the con
nections to T2 is not as shown, the amplifier will oscillate. 
C7 and CS ensure stability and restrict the high-frequency 
response to eliminate unnecessary sidebands. 

The pre-ampli fier is designed for use with a crystal 
microphone, and 10 obtain the required high current gain 
an emiller follower, TR I, precedes the amplifier, TR2. The 
unusual arrangement of the MODULATION control VRI 
avoids d isturbance of the d.c. voltage on TRI base as the 

TR7 TR6 Cl2 

Fig. 6.87. Details of the p.a. assembly ( left) and arrangement of the principal components inside tho die-cast box used as a ch;i.uis 
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v.f.o. is earthed directly to the tuning 
capacitor, the frame of which is bolted to the 
box. The r.f. driver stage is separately 
earthed to the box via one of the board 
·fixing screws. An epicyclic drive is used for 
the v.f.o. tuning, with a round Perspex dial 
and an unskirted knob to match the skirted 
p.a. knob. A twisted pair of wires takes the 
r.f. output from T4 to the p.a. stage. 

The modulator output transistors are 
bolted to the rear of the box, which acts as a 
hcatsink. They must be insulated from the 
box with bushes and mica washers smeared 
with silicone grease. Their emitter resistor 
R 13 is a length of resistance wire. 

The r.f. filter on the m icrophone input and 
the gain control are behind tJ1e front panel, 
and all remaining modulator components, 
including the driver transformer, arc on a 
second Lektroki t board between the v. f.o. 
and the modulation transformer. 

As the p.a. transistors have their collectors 
earthed tbey may be fitted in the type of 
hcatsink having a single bolt fixing, or merely 
pressed into holes drilled in the box (these 

Fig. 6.88. Layout of the components on the front and rear of the die.cut box. 
The modulator transistor• TR4 and TRS mu•t b e insulated from the box but the 
p.a. transistors TRB, TR9 a nd TRIO may be mounted directly on the m etal. T he nut 
at the risht-hand corner of the lower d iarram holds the mountinc bolt for TR8. 

holes must be exactly the right size). They 
are grouped in the rear corner of the p.a. 
compartment. The small components in 
the p.a. stage arc fixed on miniature stando!T 
insulators, with the earth connections taken 

control is adjusted. As a crystal microphone behaves as a 
voltage in series with a 2000 pF capacitor, a degree of bass 
cut suitable for communication purposes is obtained with a 
load of 200 K ohms. This load consists of RI and R2 in 
series with the r.f. bypass capacitor C l connected at their 
junction. Oscillation of the modulator is possible if the earth 
connections are not grouped as shown in Fig. 6.87. 

A simple modulation monitor is included, using a transis· 
tor, TRI I, connected in series with LPI. TRII is normally 
bottomed by current llowing through Rl5 from its base to 
h.t., but if a downward modulation peak is sufficient lo make 
CRI conduct, the base of TR 11 is driven positive, turning 
off the lamp for a period dependent on C36. The diodes 
CR2 and CR3 are used in their forward direction as a low 
voltage Zener diode to bias the emitter of TR! 1 about l ·5 
volts positive, so that the indicator lamp is extinguished if the 
supply to the p.a. falls below I ·5 volts oo modulation peaks. 

Construction 

The transmitter is constructed inside an Eddystone 
7t in. x 4!- in. x 3:} in. diecast box which is used upside 
down so that the lid becomes the bottom cover. The 
positions of the principal components are shown in Figs. 
6.87 and 6.88. The modulation transformer T2 is placed 
in the centre of the box so that it separates the p.a. from the 
low level r.f. circuits and the modulator. 

The v.f.o., driver and modulation monitor are assembled 
on a piece of Lektrokit board bolted to the side of the box 
on spacers, so that the cores of LI , TI and T4 may be 
adjusted through access holes in the side of the box. The 

to a star tag. 
The p.a. tank coil is wound on a short piece of ! in. 

ferrite rod. The ! in. thick support has a hole filed in it to 
fit over the winding, and the end of the coil and the core arc 
fixed into the hole with Araldite. The rear connection 
goes to the frame of the tuning capacitor, and leads from 
the tapping points through the small holes in the paxolin 
support. The front end of the winding goes directly to the 
fixed vanes of the capacitor (it is particularly important to 
keep leads short in the p.a. stage). About i in. of the core is 
left exposed at the front for the aerial coupling link, which 
is mounted on a carrier of -fir in. thick printed circuit board 
which can be moved along the axis of the coil by a 2 DA 
tl1rcaded rod rotated by the LOADING knob. A nut to accept 
the studding is soldered to the panel side of the circuit 
board. The carrier has copper foil feet which slide along the 
side of the box, earthing the copper surface and preventing 
it from rotating. 

The aerial link is wound on a former of copper foil that is 
soldered to the carrier, acting as a Faraday screen. The foil 
must have a gap in it to avoid a short circuited turn, and at 
this point the carrier surface must also be slotted. The 
tank coil support and I.ink carrier are both shaped to clear 
the tuning capacitor frame. The frame of C30 is insulated 
from the box by a Perspex spacer and nylon mounting 
screws; the voltage is low, therefore the spindle can pass 
through a ! in. clearance hole and the knob be fitted in the 
usual way. 

To avoid losses due to the proximity of the p.a. tank coil 
to the bottom plate, a 2 in. x 2! in. hole is made and 
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covered by a piece of 
Veroboard (perforated paxo
lin with copper strips on it). 
The strips of copper touch UCEIVEft 

the lid on one edge only @ ---
so that they act as a 
screen without allowing eddy AERIAL 

currents to circulate. The @ ---
Veroboard is covered by a 

~SEND 
I 

I 

piece Of n in. Sheet rubber 'A.._ ______ _. 
and a matching piece of 1 the same material fi tted 

BUFFER 
HT 

NET 

-~ 
KEY 

OVERRIDE 
HAIH 

HT 

OFF~ 
I 

--~--[ 

en -
VfO 2SO 

0 O ~fCI 
::r=:=-~ 

at the other end of the ftECEIVfR HUTIH~ 
m li~v ._+_~__...._ _ _ ..,__<l 

lid to provide non-slip feet. 
The components on the 

modulator and v.f.o. Lektro-

Fie. 6.89. Wirinc of the control switch and filtcrinc of the power input frorn the battery. 

kit boards should be arranged as though on a printed board 
with the absolute minimum of crossed leads, and then 
wired up as far as possible with the component leads them
selves or tinned copper wire. The essential crossing wires 
are then fitted with sleeving. Loops of tinned copper wire 
at the board edges may be used as terminals. 

If there is any possibility of the 12 volt supply being 
plugged in the wrong way round, a 2 amp silicon diode 
should be wired in series with the fuse. 

To fit the push-button switch in the centre of the panel it 
is necessary to remove part of the strengthening rib of the 
die-cast box. 

Switching and Keying 

Send-receive switching is provided by a triple push button 
unit which is wired as shown in Fig. 6.89. 

In the OFF position the transmitter is turned off and the 
aerial is connected to the receiver. On NET the supply is 
connected to the oscillator and buffer and the key is shorted. 
When the SEND button is pressed the receiver is muted and its 
aerial terminals shorted out; the aerial is connected to the 
p.a. link coil. Slightly later, when the interlocking bar 
releases the NET button, the h.t. supply to the p.a. is con
nected and the transmitter is on the air. When either the 
NET or OFF buttons are pushed in, the action of the link bar 
again ensures that h.t. is removed just before the receiver is 
reconnected, avoiding any possibility of transmitter power 
blocking the receiver. If it is desired to tune up the trans
mitter off load, the SEND button is partly depressed to re
lease the other button and then itself released, so that all 
three are out. This puts power on to the transmitter without 
changing over the aerial or muting the receiver. 

The key is connected in the emitter of the buffer stage via 
a key click filter RFC4 C21 which gives rise and fall times of 
about a tenth of a millisecond. An additional contact on the 
key jack short-circuits the modulation transformer on c.w. 
to prevent the generation of voltage transients in the modu
lator and to avoid the voltage drop owing to the resistance 
of the transformer winding. 

Alignment and Testing 

When switched to NET the current consumption should 
be about 100 mA. Adjust the core of LI so that the v.f.o. 
tunes from 0·9 to I Mc/s, and mark the scale 1 ·8 to 2 Mc/s. 
Press the SEND button, and check that the current rises to 
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about I· J amp. The pane l meter wil l indicate about 0·6 amp. 
Set the cores ol"TJ and T4 to give maximum meter current at 
I ·9 Mc/s, and tune the p.a. ror minimum current. Connect a 
12 volt, 12 watt lamp as a load and adjust the LOAD ING knob 
to give maximum brightness. T he modulation may be 
checked through the output on a receiver or, if possible, on 
an oscilloscope. Check the operat ion of the modulation 
monitor. 

V.F.O. CONTROLL ED VALVE TRANSMITTER 
FOR 1·8-2 M C/S 

This JO watt transmitter has a built-in v.f.o. covering 
I ·8-2 Mc/s and provision for high level anode and screen 
modulation. C.w. operation is nlso possible. 

Although an h.t. supply of 250 volts is suggested, the 
transmitter may be used on any vollage between 250 and 300 
provided the screen dropping resistor is correctly chosen. 
T he measured efficiency of the p.a. is 70 per cent. 

The circuit of the transmitter is shown in Fig. 6.90. 
VI (EF9l /6AM6) functions as a Tesla-Vackar type v.f.o. 
(see Fig. 6.25) and is followed by a class A buffer stage V2. 
The grid circuit of this stage is p11rely resistive, R4 being 
provided to permit the connc.:tion of :m external meter to 
check the grid current. The anode circuit of V2 is tuned to 
the operating frequency by L2 Cl 3. If this circuit is reson
ated at I ·9 Mc/s it will be found that drive to the p.a. will 
remain substantially const<tnt between I ·8 and 2 Mc/s. CJ3 
may therefore be a pre-set trimmer. R 7 provides a test point 
for checking the anode current during the alignment pro
cedure. 

The p.a. V3 (6BW6) is conventional. Drive to the grid is 
via C l4 and to improve the efficiency a 2·5 mH r.f. choke is 
connected in series with the grid resistor R9. The anode 

LI 

Ll 
u 

TABLE 6.10 
Inductor details for Fia. 6.90 

70 turns 3'4 s.w .,. anam . closo wound on * in. form er fitted 
with ferrite core. 
90 tur·ns 34 s.w.i. enam. close wound on i in. former. 
26 s.w.,, enam . wire close wound for a distance of I! in. on a 
Ii in. diam . former. Over one end bind two laycn of p.v.c. 
tape. This is the "cold •• ond of the p,;a, coil, the anode bcini: 
connected to the other end. 

Ua Su.rting at the end of LJ, wind 8 turns 26 s .w.i. over the 
p.v.c. band on L3. 

Tl Centre upped output tnnsformor. Primary 8 K ohms to 
10 K ohm-; centre t~ppcd1 rued ilt 50 mA d.c. Seconduy not 
used. 
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tank is a simple parallel tuned circuit C19 L3, the output of 
which is taken by a link, L3a, proportioned to match 75 
ohm co-axial cable. A 1 ·5 mH r.f. choke is used in the anode 
circuit to prevent r.f. feeding into the metering circuit or 
into the modulator. 

MI, a 0-5 mA meter, switched by S4, is used to measure 
grid and anode currents. To avoid damage to the meter when 
switching, there is an unused position between the two 
current readings. When switched to read anode current, the 
meter is connected across a shunt permanently wired into 
the anode circuit which modifies the range to read 100 mA 
full scale. The leads to S4 should be screened to reduce the 
possibility of stray coupling. 

The modulator valve V4 is also a 6BW6 and is coupled to 
the p.a. by Tl, a standard centre tapped output trans
former which is used as a I : J modulation transformer. As 
the impedance of the p.a. is almost equal to the recom
mended load for the modulator valve, a good match is 
obtained. Tl may be relatively small provided that the 
winding can carry the currents drawn by the p.a. and 
modulator valves. 

V4 is driven by a two-stage speech amplifier, with the gain 
control between V5a and V5b. Ferrite beads are fitted to 
grids of V4 and VS to prevent any stray r.f. picked up on the 
modulator leads being fed to these stages. 

The transmitter is controlled by three switches: the main 
send/receive switch SI controls power to the v.f.o., r.f. and 
modulator sections, S2 allows the v.f.o. to be switched on 
for netting and switching from a.m. to c.w. is provided by S3. 
ln the c.w. position the modulator is disabled and a short 
circuit is placed across the modulation transformer to 
protect it from d.c. surges. 

Many modern receivers incorporate a send-receive switch 
intended to control both receiver and transmitter. A suitable 
control circuit for use with such a switch is shown 
in Fig. 6.91. 

Construction 

The transmitter should be laid out in a straight line with 
vertical screens between each section and the coils in each 
section arrallged so that they are at right angles to those in 
the adjacent sections. A screen is placed around the under
chassis r.f. circuits so that, with the bottom plate in place, 
they are effectively within a screened box. The layout is 
shown in Fig. 6.92. 

The v.f.o. should be constructed as a separate unit. Most 
of the p.a. components are on top of the chassis, C19, L3 and 
RFC3 being contained in a screened compartment to 
the rear of which is fitted the co-axial output socket 
CS2. 

To avoid earth loops which might give rise to hum or 
instability, the screened cable which runs from the micro
phone socket CS! to the grid of V5a should have its outer 
screening earthed only at the socket, the screening at the 
grid end being left disconnected. The grid resistor R22 
should be mounted directly on the grid pin of V5a and 
earthed by the shortest route. 

A lignment 

After the v.f.o. has been constructed, it should be tested 
as a separate unit. When it has been fitted to the chassis and 
the wiring checked, V2, V3 and V4 arc fitted, S3 set to the 
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Fig. 6.91. Substituting a rel;ay for SI in Fig. 6.90. If there is arcing 
:across the main c:oncacu of the relay, a 0 ·001.0 Ol µ F capacitor should 
be fitted at Cy. T he smallest suisfactory value should be used. A 
ma nual override switch SW may be fitted to permit the transmitter 

to be switched o n independ!>ntfy of tho receiver. 

c. w. position and S4 to read p.a. grid current. H.t. to the p .a. 
is disconnected by removing the co1mcction from TJ. 
Power is then applied by closing Sl. CJ 3 is tuned to produce 
maximum grid c1Lrrcnt (approximately 3 mA) and the 
frequency J ·8-2 Mc/s) checked with an absorption wave
meter. 

With the drive lo V4 still applied, C l9 should be tuned 
through its range to see whether the p.a. grid current va1i es. 
If it docs, the stage must be neutralized or the decoupling 
and screening improved. The power supply may now be 
switched off and the h.t. reconnected to the p.a. When this 
has been done, S4 should be set to read the anode current to 
V4. C19 should be at maximum capacity. The power 
supply may now be switched on again and C l9 quickly 
tuned fo r maximum dip in dnodc current. Next open SL 
Lightly couple an absorption wavemetcr lo L3, close ST and 
confirm that the frequency is in the J ·8- 2 Mc/s range. Open 

fkE- SET HOOULATIOti 
CONTROL VRI 

HETER SWITCH 54 
BEL.Oil HETER 

VfO 
ENCLOSURE 

HICROPHOllE 
SOCKET 

Fig. 6.92. Layout of the top of the cha .. is of the v.f.o. controlled 
10 watt transmitter. 
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SI again. A 75 ohm dummy load should now be connected 
to the r.f. output socket CS2, SI closed and C 19 tuned for 
maximum dip. 

To avoid exceeding a d.c. input of 10 watts, the an ode 
current must not exceed the following values under loaded 
conditions: 

at 250 volts h.t. the current should be between 35-40 mA, 
at 275 volts between 32- 36 mA and 
at 300 volts between 29- 33 mA. 
If the anode current exceeds these values, L3a should be 

moved away from L3 to reduce the coupling. 
V5 may now be fitted and a high impedance microphone 

corutected to CS!. VR I should be at minimum gain. SI 
may then be closed and the gain control advanced about 
half way. Speaking into the microphone should produce a 
marked increase in the brilliance of a flashlamp bulb loosely 
coupled to L3 by a three turn coil. The microphone should 
be kept away from the p.a. tank circuit to avoid r.f. pickup 
which might cause feedback. 

The transmitter is now ready for connection to a suitable 
aerial through an aerial t1ming unit. 

A TTll (1623) TRANS MITTER FOR 14, 21 AND 28 MC/S 

The transmitter illustrated below employs a 1T21 
in the p.a. stage and is capable of 60 watts peak input on a.m. 
and 80 watts input when using narrow baud frequency 
modulation or c.w. A.m. is provided by series gate screen 
modulation of the p.a. 

In the interests of TVl prevention, the r.f. ci rcuits of the 
transmitter arc comp letely screened without reliance on a 

The TT.21 tran<mittcr for the 14, 21 and 28 Mc/ s bands. 
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H.F. TRANSMITTERS 

cabinet so that the unit can be used either 
as a table top transmitter or installed in a 

-; rack with other equipment without any 
~ significant increase in unwan1ed radiation. 

The more complicated units are completely 
removable from the main chassis so that 
construction and servicing are simplified . 

The circuit of the complete transmitter, 
'---+-'--''-1I including the built-in power supply, is 

1
' shown in Fig. 6.93. 

The v.f.o. employs a screened r.f. 
pentode V l (EF80/ Z719/6BX6) operating 
as a bigb C Colpitts electron coupled 
oscillator covering 3·5- 3·65 Mc/s. Pro
vision for frequency modulation of the 
oscillator is made by use of a silicon 
voltage variable diode C R l across part 
of the tuned circuit, a potentiometer 
providing the required bias so that a 
suitably linear portion of the diode opera
ting curve can be selected. 1r1 this case the 
bias is set to + l ·O lo + l ·25 volt which 
will give approximately equal capaci ty 
change for both sidebands. 

The second stage, V2 (Z77/EF9I/6AM6), 
acts either as a buffer stage or as a crystal 
oscillator, selected by SI. The anode 
circuit of this stage is tuned to 3·5 Mc/s 
and coupled to the next stage by a wideband 
coupler. 

V3 (N78) is operated as a stra ightforward 
frequency doubler a nd feeds the next 
stage via a 7 Mc/s wideband coupler. The 
final stage of the exciter V4 is operated as a 
doubler from 7 to 14 Mc/s, as a trebler 
from 7 to 21 Mc/s and as a quadrupler from 
7 to 28 Mc/s. The valve chosen (a type 
N78) gives somewhat belier performance 
than ihe more usual 5763, d ue to its higher 
slope and lower drive requirement. Coup
ling between this stage and the p.a. is by 
means of a pi-network which provides 
harmonic attenuation while keeping the 
impedance of the grid circuit of the power 
amplifier relatively low, so helping to 
maintain the stability of the p .a. valve. 
The circuit is adjusted by tuning for 
maximum grid current to V5. When 
netting to a frequency, h. t. to the screens 
of this stage and of the power amplifier is 
switched off by S6. For c.w. operation, 
the cathodes of V2 and V5 are keyed. 

The whole of the exciter is built as a 
unit so that it can be removed from the 
main chassis by removing four fixing 
screws and unsoldering the interconnec
tions to the main chassis. 

The final stage V5 uses a type TT21 
(7623) tetrode, which is operated at 60 
watts peak input on a.m. and at 80 watts 
input on c.w. and n.b.f.m. The anode 
circuit is a pi-network wi th the inductance 
tapped at suitable poin ts for three bands by 
S3. Across the output are connected a TY 
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Fie. 6.94. Layout of the speech a mpllflor and clipper unit fo r the 
TTll tran1mltter. 

Band l series tuned trap circuit and an r.f. voltmeter which 
is a useful means of correctly ttming the output circuit, the 
power output being arbitrarily indicated on the meter on the 
righthand side of the front panel. By means of the switch 
S4, this meter also reads the grid current to V3, V4 and VS. 
The current input to the p.a. is indicated on Ml connected 
in the cathode circuit of the IT2l. The valve is normally 
operated with 600 volts h.t. on its anode. 

The whole of the power amplifier is built at the lefthand 
end of the main chassis and is completely screened. The 
grid circuit for the valve is below the chassis and also 
screened. 

6.68 

The speech amplifier comprises V6 (Z729/EF86/6267/ 
6F22) as a microphone amplifier with a voltage gain of 
about 120 followed by a second stage V7 (also a EF86 but 
triode connected) having a voltage gain of about 25. V7 
feeds the double triode clipper YB (ECC82/12AU7) in the 
anode circuit of which a simple low pass a.f. filter is fitted. 
Suitable adjustments of the two gain controls enable a con
siderable amount of clipping to be applied which is desirable 
when using n.b.f.m. 

The speech amplifier/clipper is built into an Eddystone 
4i in. x 31 in. x 2 in. die-cast box (Fig. 6.94) which is 
attached to the top of the main chassis at the front right 
hand corner. The output from U1is unit is switched by SS 
either to the series gate screen modulator valve, V9 (12BH7), 
or to the reactance modulator CRl (EW76 or SX761). When 
the switch is in either the c.w. or f.m. positions V9 operates 
as a clamp valve for the p.a. stage. 

An alternative series gate clamp circuit to provide for 
adjustable carrier level when using n.b.f.m. is shown in 
Fig. 6.95. 

The power supply is conventional and is provided by a 
650 volt b.t. transformer a11d separate beater transformers. 
The main rectifiers, V13 and Vl4, are indirectly heated type 
CV4044/6443 half-wave valves, the pair providing the 
total current of about 225 mA. Smoothing of the supply is 
by a single 5 Henry choke and a 16 µ.F paper capacitor (two 
8 µ.F units in parallel). The p.a. is fed directly but all other 
stages receive h.t. from the main potentiometer made up of a 
fixed resistance in series with three gas stabilizer tubes YlO 
(S130) and Vll and V12 (both type QS150/45). The striking 
electrodes are connected to suitable points to provide quick 
ignition. 

To avoid breakdown between the heater and cathode of 
the screen modulator valve V9, a separate transformer is 
used. The heater must not be earthed. A small bias supply 
using a 0-125 volt transformer (T4) is provided for the 
series gate modulator. 

Construction 

The complete transmitter is built on a 17 in. x 13 in. x 3 in. 
chassis to which a standard 19 in. x 8! in. front panel 
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is rigidly fixed by panel brackets. The layout is shown in 
Fig. 6.96. 

and should not present any difficulty. Some care is necessary 
in placing the fixing holes for the p.a. so that they are not 
fouled by operating shafts. After the holes for fixing the chassis to the front panel have 

been drilled the hole for the v.f.o.-exciter unit should be 
made. This is probably most readily done with a tension file. 
The mounting of the p.a. screening box and the principal 
components on the main chassis is quite straightforward 

The v.f.o. and exciter unit is built on to a 10 in. x 5t in. 
plate of ! in. thick aluminium. A screening box is fitted on 
the underside of this plate whilst the v.f.o. tuned circuit is 
built into an Eddystone die-cast box measuring 
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4! in. x 3 ~~ in. x 2 in. and attached to the top near 
the front end by its long side with the removable plate at 
the rear. 

The speech amplifier/clipper is built into a similar die-cast 
box and mounted upside down so that the valves and other 
components are on the bottom of the box which is attached 
to the main chassis by its normal four fixing screws. The 
lid is not used. Considerable care is necessary to position 
the microphone socket (a Belling and Lee type L722/S) so 
that it is 

(a) as close as possible to the corner of the box but with 
sufficient clcurance for attachment of lhe back nut , 

(b) does not fou l the handle on the front panel. 
Both of these units are electrically connected to the rest of 

the transmitter by soldered connections on the distribution 
terminal strip in the main chassis and arc readiJy removable 
for servicing and testing. 

Details of the coils arc given in Table 6.11. 
The primary and secondary windings of the 3·5 and 7 Mc/s 

wideband couplers arc wound in the same sense, the outer 
ends of the co ils being connected to anode ( top) and grid 
(bottom) with the earthy ends of the two coils at the centre. 
Coupling between the two windings is as follows: 

3·5 Mc/s Top coupled through a 10 pF capaci tor. 
7 A1c/s Extra turns of the primary are wound over the 

earthy end of the secondary ''inding. This method was 
found to give more output than top capacitor coupling. 

So that both the anode and grid circuits of these units 
can be adjusted from the top of the chassis a small trimmer 
is connected across each of t he secondaries in addition to the 
core. The anode coi l has a dust iron slug. 

The driver anode coils are wound on the same type of 
former as those used for the transformer couplings. The 14 
an d 21 Mc/s coils arc wound on the top half of the former. 

TABLE 6.1 1 

Inductor De tails for the TTll Transmitter 

LI (•.f.o.) 12I turns 16 s.w.g. en•m. close wound on i in. diam. 
cenmic former with dust iron core. Tuned by 100 pf ~nd 15 pf 
trimmer. 

l2 (I~ Mc/s). 20 turns 20 s.w.g. cnam. close wound on i in. diam. 
former with dust iron core (wound at top o( i.l.t. former from 
type 373 unit). 

Ll (21 Mc/s). IS turns 18 s.w.g. en•m. close wound on fin diam. 
former with dun iron core (u for L2) . 

Li (28 Mc/s). 1'4 t<irns 16 s.w.g. close wound t in. di•m. (sell 
supporting inside 1.1.t. con from type 373 uni t). 

LS (p.a.). II t urns 14 s.w.g. cnam. spaced two wi re diameters I! in. 
di:t.m. self supporting. t:apped from anode end :ac e turns for 
21 Mc/s ond oc '4 turns for 28 Mc/s. 

L6 (paro.sitic suppressor). <4 turns 16 s.w.g:. enam. sp:ac1d one wire 
diameter, Tt in. Inside diam. self supporting. 

L7 (Band I trap), 7 turns 18 s.w.g. spaced one wiro diameter tin. 
inside di•m. sell supporting •nd tuned by SO pf. 

Wideband Couplers 

3·5 Mc/s- prlmory and sccon d>ry both 45 turn s 30 s.w.g. enam. 
close wound on + in. diam. form er (i.f.t. former from typo 
373 unit), both tuned by 100 pf, dust iron core in primary and 
br:iss core In secondary. coupling 10 pf. 

7 Mc/o-primary and secondary both H turns 26 s.w.g. enam. 
clo•• wound on + In. diam . former (i.f.t .. former from t ypo 373 
unit), pr imary tuned by 22 pf, secondary tuned by 30 pf, dust 
iron core in primary, brus core in $e~ndary, couplini 3 turns 
turns extn on primary wound over earthy end of secondary 
(see text). 
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TABLE 6.12 

Aud io 
Mode Cain Clipper Rea.eta.nee P.A . Anode 

Control Contro l Diode Bias Current 

A.M. Hall to Ma.ximum - -«>-SO mA (no sii .) 
(Soriu maximum 110-120 mA 
Guo) (max. sig.) 

N.8.F.M.' Half to Q uuter to + t to + 1·25 110-120 mA 
m aximum half volts 

c.w. - - - IS0-160 mA 

• Whon tho t ransmitter is wired so that SS pcrmiu the c:.rrlor level to 
bo adjusted on both series gate a.m. and on n.bJ.m. 

The inside diameter of the 28 Mc/s coil is about 1'r in. All 
the coils and couplers arc individually screened in cans. 

Ad justment and Operation 

After completion of the constructional work, the two 
smaller units should be adjusted before being fixed 011 to 
the main cbassis. It is desirable that an alternative power 
supply giving about 300 volts at 60 mA and heater vol tage 
should be employed while adjusting the v.f.o. exciter unit 
rather than the much more dangerous 650 volt h.t. source. 

First, the v.f.o. should be set up and its tuning range 
adjusted, preferably with the help of a receiver switched to 
the !Om band. With the components specified the v.f.o. 
covers only J ·2 Mc/s (28-29·2 Mc/s) of this band as it was 
felt that the more open tuning for l 5m and 20111 w;1s worth 
the sacrifice on the higher frequency band. If preferred a 
larger tuning capacitor could be used so that the whole 
ba.nd is covered but this might result in some loss of drive 
at the band edges. 

The stability of the v.f.o. is reasonably good. Provided, 
however, that the main tuning capacitor and tJ1e fixed capaci
tors arc of good quality it should be satisfactory. Having 
adjusted the v.f.o. range, S I should be set to select one of 
the crystals and the operation of the crysta l oscillator 
checked. Next, with V3 in position and using its grid current 
a t point A 011 l<ig. 6.93 as an indication on M2, adjust the 
tuning of tbe primary and secondary of the 3·5 Mc/s band
pass coupler untiJ a satisfactory frequency response is 
obta ined. The procedure should be repeated with V4 in 
position, using the grid current indicated at point 8. Check 
that there is no instability in these stages before proceeding 
to adjust the anode circuits of V4. The total anodo and 
screen input lo the first three stages should be between 40 
and 55 mA at 300 volts. 

lf, as recommended, this preliminary tuning is carried out 
with an external power supply, some form of temporary 
r.f. voltmeter will be required to check the output from V4. 

When adjustment of the exciter stages is complete, the 
uni t may be connected to the main power supply and the 
complete transmitter tested. 

The p.a. anode circuit is adjusted in the usual manner for 
a pi-network: tune for maximum dip as indicated on Ml 
and then iucrease the loading until VS is drawing 120 mA. 
F inal adjustment should be made by adjusting the p.a. 
tuning controls for maximum output as indicated on M2 
when switched to position D. 

Satisfactory speech quaJity and modulation depth or 
deviation is obtained with the settings of the audio controls 
shown in Table 6.12. 
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improvement in tbe long-term 
stabiLi1y results from patience used 
in its adjustment. 

The series circuit L6, C24 is 
resonated at approximately 3·6 
Mc/s. This is necessary because 
the oscillator second harmon.ic 
from 1800 kc/s is within the pass
band of llie following stages and 
would cause some interference. 

V2b functions as a fixed fre
quency crystal oscillator at S.50 
Mc/s. Output taken from the anode 
is fed to V3. 

Tho Princess tran5mitter employing a mixar master osdlJator and Jinea.,r p.a. stage 
for c.w. and a.m. opcr~tion. 

From che mi.'<er valve, V3, the 
v.f.o. and crystal oscillator signals 
and their sum and difference 
products appear at S3a. For 80m 
operation, the difference product is 
selected by the broad-band trnns
f ormer T4. The v.f.o., tuning from 
right to left of the dial, supplies 
2·0 Mc/s to 1-5 Mc/s mixing with 
5·5 Mc/s to give frequencies of 3·5 
Mc/s to 4·0 Mc/s. The original v .f.o. 
and crystal oscillator products, as 

THE PRINC ESS FIVE BAND TRANSMITTER 

The Princess transmitter, is unusual in that the v.f.o. 
is a mixer master oscillato1 and the p.a . stage operates 
in class AD J in contrast to the more usual class C. As a 
further aid to the reduction of harmonic output, a pi-net
work is used to couple the driver stage to the p.a. 

T he effective input to the linear a mplifier on a.m. is 75 
watts but as this represents a loss of only half an S point 
(3db) of signal strength compared with a l SO watt trans
mitter it is of little importance bearing in mind the economies 
it permits in the power suppHes and modulator. [n fact, a 
pair of small tetrode valves (type EL85) anode and screen 
modulate the driver valve, the exciter section thus com
prising a 15 watt transmitter which feeds a low impedance 
load across which sufficient r.f. voltage is developed to drive 
the p.a. With such a low value of resistor in the p.a. grid 
circui t instability is most unlikely and neutralization of the 
TT21 (7623) valves is not required. 

T he circuit of the exciter stages is given in Fig. 6.97. 
T he master oscillator comprises V2, V3 and V4. Y2a is a 

modified Colpitts type oscillator between grid and cathode 
the frequency coverage of which is from l ·S Mc/s lo 2·0 Mc/s, 
across about 150° of the traverse of C l3, the v.f.o. tuning 
control. 

Tempcrnture compensation is effected by C 14, which has a 
negative temperature coefficient of 750 parts per million. 
This capacitor, in series with the air-spaced trimmer, Cl 5, 
givo:s close contro l of the overall thermal stability. Final 
adjustment of this trimmer should not be attempted during 
the tirst four weeks of use to allow component ageing. The 
transmitter, in its case, should be checked for drift against a 
high-stabi lity receiver which has been switched on for 
several hours, o r against a frequency meter or crystal 
osci llator. If the v.f.o. appears to drift , C l5 should be 
al tered slightly and the process repeated. Short-term drift 
is excellent even without careful setting of C l 5, but an 

also the sum, are far enough from 
the passband of T4 and subsequent 

circuits to be rejected. 
For 40m operation, the sum product is selected by TS. 

The v.f.o., tuning from left to right, gives l ·5 Mc/s to 2·0 
Mc/s which when mixed with S·S Mc/s, provides output 
frequencies in the range 7·0 Mc/s to 7·25 Mc/s and beyond. 
F or higher frequency bands this output is multiplied. 

The design of the broadband transformers T4 to TIO is as 
simple as it is possible to make it. Two identical windings on 
the same former, with a given spacing between the end of 
one winding and the start of the second give a controlled 
degree of inductive coupling. Because the short 9mm iron 
dust cores give 01\ly a small variation in inductance, and as 
stray circuit capacitances will vary from model to model. it 
may be found necessary to alter slightly the values of parallel 
tuning capacitors; in certain cases these may be omitted 
altogether. 

The output winding of ei ther T4 or TS feeds the amplifying 
valve V4 according to the band in use. An r.f. voltage test 
point (R29 and MRl8) permits the alignment of the mixer 
anode circuit by connecting a 10,000 ohms per volt test
meter on a low voltage range to TPJ. Similar broadband 
transformers for SOm and 40m are used in the anode circuit 
of V4, the output windings driving V7 directly on &Om or 
40m. However, for operation on 20m, l 5m or I Om, the 40m 
output at S3d is passed to the first doubler/tripler, VS. 

Keying is by the grid-block method. Under key-up con
ditions, the bias cuts off V4. When the key is depressed, the 
grid circuit of V4 is earthed but due to the high value of R27 
in the power supply, the bias lo the driver is unaffected. 
R73 is necessary lo make C39, the decoupling capacitor, 
effective. The 0R1vr. control , VR3, varies the screen poten
tial on V4 up to a maximum value set by R32. 

The value of R28 in the anode circuit of V3 is selected 
to provide the most efficient mixing action. At an anode 
poteniial of JOO volts, signal levels io the grids, quoted in 
r.m.s. values, will be of the order of 2 volts from the v.f.o. 
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and up to 6 volts from the c.o. 
Wide variations may be due 
to the particular specimen 
of valve in use as V2. 

Type EF91{6J\M6 arc spcci
fi!'d for V5 and V6 positions 
b;:cause they are cheap and 
economical to run. It will 
probably be necessary to 
select valves in these positions 
to obtain the required drive. 

V5 is used as a doubler to 
20m or as a triplcr to J 5m. 
Broadband transformers T8 
and T9 cover 14·0 Mc/s to 
14·5 Mc/s and 2J ·0 Mc/s to 
21-45 Mc/s respectively. On 
20111 and 15111, V7 is driven 
directly. For 10111 operation, 
T8 is switched to Y6, which 
doubles the 20m signal. C48 
and C57 are tuned on a signal 
to equalize circuit capaci
tances when switching be-
tween a following doubler or 
the driver valve. Care must 

• 
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i ·-
be exercised on 20, 15 and l Om 
that the valves are not over
driven, resulting in a reduction 

Rear view of t:he Princ:ass transmitter. N ot:e the sh:.plna of the p.3. screen to clear the 
v.f.o. dial mechanism. 

of drive at the wanted frequency. VR3 should be set to 
the minimum for the band in use consistent with the 
required drive level. 

The driver, Y7 (QV06/20 or 6146), has fixed grid bias and 
a parallel fed pi-network anode tank circuit. Grid current is 
monitored across R43 and anode current across R47. Anti
parasitic components R45 and R75 RFC2 are mounted as 
close to the valve connections as possible. The tank circuit 
is loaded by the passive grid resistor, R48, of the following 
linear amplifier (Fig. 6.98). A secondary r.f. output socket 
is provided, and with the feed to R48 disconnected, V7 

L2/LJ 

R48 
too 

EARTH 

f 

RSO PA B IAS 

IK 

becomes a stage of about 15 watts input, for low power 
applications. 

With V7 as a driver, C70 is the p.a. grid tuning control and 
the loading is pre-set to give sufficient signal across R48 to 
drive the amplifier up to 150 watts d.c. input. Increasing 
the values quoted for C73 to C77 decreases the loading 
and so the drive to the fi nal is reduced. 

Modulation is applied to the anode and screen of the 
driver valve. For reasons explained later, it is necessary to 
reduce carrier power on A3 to 75 watts input, effected by 
switching R76 in series with the tu. to V7. Full modulation 

V9 

300V AT RLB2 

..-----~ l•t KV 

capability of 100 per cent is 
:wailable. 

The linear amplifier Fig. 6.98 
operates in class AB! with 
passive grid input, as opposed 
to tuned grid. As grid current 
docs not flow during any 
part of the input cycle, no 
driving power is required but 

!R F ouTPurl only an r.f. voltage swing. 
1sn LOAD T he standing bias potential is 

11-....---.--:0. a nominal - 45 volts, which is 

PA HEATERS 

adjusted to give a quiescent 
anode current of 70 mA. 

Fis. 6.98. Tho line-a,. powe,. amptifie,. sta.ge for the P·rincess t:,.an1mi tteF'. 

So long as the peak value of 
the posi tive half-cycle of the 
driving waveform does not ex
ceed this standing bias, the 
grids of VS and V9 cannot go 
positive and draw grid current. 
The maximum permissible sig
nal is therefore 32 volts r.m.s. 
This would correspond, with the 
present arrangement, to 300 
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Fig. 6.99. The speech am plifi er and m odu lator 1ta1e1 fo r t he Princess t rans m itter. 

watts input. As only 150 watts is required , the drive will be 
3db less, 22·5 volts r.m.s. Across J 00 ohms, this corres
ponds lo a c.w. drive power of about 5 watts. Allowing for 
circui t losses, at the lowest frequencies the fixed loading 
capacitors are selected for 10 watts input rising to 15 watts 
at JOm. 

On phone use is made of the full capability of 300 watts 
peak envelope power. At 100 per cent modulat ion, this 
permits the use of a 75 watt carrier so R76 (Fig. 6.99) 
reduces the drive signal required. As a point of interest, a I 50 
watt transmitter at JOO per cent modulation runs up to 60\l 
watts p.c.p. input. 

A pi-network tank circuit is used, with the h.1. feed at the 
low impedance end of the coil. This avoids the necessity for a 
critical component at RFC8, as would be the case if d.c. 
was applied through the choke direct to the anode. Blocking 
capacitors CBS and C87 keep the d.c. from the tuning con
trols and r.f. output socket. With this system RFCS is 
essential, because the feeder line would become over 1000 
volts above earth if C87 foiled. 

Both anode and screen currents arc metered and with 
an ampl ifier running in class AB I, screen indications are of 
great importance. The p .a. tuning contr ol is adjusted for a 
peak in screen current and the loading control set so that 
1his peak is about 25 mA on c.w. The valves are then run
ning at the manufacturers' recommended figures for class 
ABI operation. This method of tuning and loading is more 
precise than relying only on indications of anode current. 

High s tability carbon components are used as meter 
shunts, the values of whjch may be obtained, where necessary, 
by series/para llel arrangements. The resistor R57 is of such 
a value as to increase the internal resistance of the meter to 
1100 ohms. By this means, as long as the internal va lue is 
known, most I mA meters will be suitable. (Fig. 6.100). 

With a maximum input to the driver valve V7 (Fig. 6.97) 
of 8 watts on phone, it follows that 6 watts of audio wi ll be 
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sufficient. This can be obtained from a pair of EL84/6BQ5 
valves, but the standing anode current for the two is about 
80 mA and the full power capabil ity is at no time required. 
A slightly smaller version, the EL85, is therefore used, 
with a quiescent current of 50 mA. T he circuit of the 
modulator is given in F ig. 6.99. For differi ng types of 
va lve the value of R72 must be varied. T he Woden U MO 
multi-ratio modulation transformer (Tl I) permits an 
accurate match in all cases. 

VIO is a two-stage resistance-capacitance coupled sp::ech 
amplifier with the values of C99 and C I02 selected to 
attenuate the lower speech frequencies. Half of VI I is used 
as a phase splitter, the second half being unused. Relay 
contact RLAl shorts out the secondary of the modulation 
transformer when not using phone. lf th is prccauiion is not 
taken, voltage peaks of sufficient amplitude to break down 
the transformer may result. 

Control Sequences 

The control and meteric1g circuits are shown in Fig. 6.100. 
The system switch, SI, has five positions, the first of which 
is OFF. At EXCITER ON, a ll stages up to the linear amplifier 
are live. The transmitter cannot be switched to TRANSMIT 

at this stage, nor can the modulator be used. The NET 
position differs only that the key is short-circuited. 

When the fourth position of SI, c.w. (A I), is selected, relay 
RLC in the power supply operates, putting high voltage on 
the linear V8-V9. No anode current nows as the screens are 
held at - J 2 volts. S2 may now be used to control the 
station. At T RANSMIT, relay RLB is energized, the p.a. 
screens are switched to 300 volts positive, - J 2 volts is 
ava ilable for the aerial change-over relay RLD, and the 
receiver is muted. Either short-circuit o r open-circu it to 
earth conditions are provided for receiver control. If S J is 



returned to NET, relay RLB opens and the station returns to 
R£CETVE autornaticalJy. 

If phone (A3) is selected, relay RLA is energized, providing 
300 volts for the modulator and removing the short-circuit 
across the secondary of the modulation transformer. The 
key is short circuited by Sid. Relay RLA can be energized 
only when S2 is at T l\ANSMIT. 

Power Supplies 
The power supplies Fig. 6.101 use two power transformers: 

T2 supplies all potentials with the exception of the high 
voltage to the linear amplifier. MR9 to MR12 form a bi
phase rect·ifier, which could be replaced by a GZ34 valve if a 
suitable heater winding were available. Choke input filtering 
is incorporated (CHI and C6), the nominal 300 volt line 
rising to about 325 volts on c.w. operation. VI , OA2 (or 
VR150/30), in coajunction with R19, provides a 150 volt 
stabilized line for V2 and V3. An anti-surge 500 mA fuse 
(F4) is used to avoid unnecessary power failures. 

All bias supplies are derived from tbe 150 volt secondary, 
rectified by MRI 3 and smoothed by C9, ClO and CLJ. Three 
separate lines, one variable, run to the p.a., driver and keyed 
stages. Note that excellent smoQthing is necessary on these 
lines if ripple is to be avoided, hence the large values of the 
smoothing capacitors. 

For the 12 volt relay supply, four diodes type SX63l are 
used in a full-wave bridge, part ially smoothed by CS. Valve 
heaters are connected by four separate lines to the 7 amp 

H.F. TRANSMITTERS 

secondary to avoid a heavy voltage drop. LPJ indicates 
that the transmitter is switched on. 

When the system switch SI (Fig. 6.100) is at Al or A3, 
RLC/2 (Fig. 6.101) is energized and mains (line voltage) 
applied to Tl, indicated by LP2. A standard 450-0-450 volt 
250 mA secondary feeds a full-wave bridge of eight silicon 
rectifiers. During testing it is recommended that Ollly half the 
secondary is used until everything appears to be satisfactory. 
This supply is fused at l amp, to avoid the fuse blowing at 
switch on, due to the very low impedance presented by the 
series capacitor chain C3, C4 and C5. The parallel resistors 
which equalize voltages across tbe electrolytics must on no 
accow\t be omitted. Wami11g: the insulated cans of C3 and 
C4 will be 800 volts and 400 vol.ts above chassis respectively. 

Component.s 
Components in the v.f.o. tuned circuit must be of the 

highest quali ty. The inductor, LI, is wound with the wire 
under tension and is then placed in a warm oven for an 
hour. After the coil bas cooled, it should be coated with 
polystyrene cement. The capacitors must be either silver 
mica or air-spaced with ceramic insulation. Ideally the main 
tuning capacitor Cl3 should be of the double end-bearing 
type, but availability could be a problem and the item 
specified is a good compromise. In wiring both oscillator 
circuits 18 s.w.g. wire should be used in lazy loops; with the 
wi re taut it may contract or expand suddenly accompanied 

• by an instantaneous frequency change. 

PA 
RECEIVER CONTROL 

EARTHED 
SYSTEM SWITCH SI 

- 12V 300V SCREENS TRANSMIT RECEIVE POS'N SERVICE 

OFF 
2 EXCITER ON 

3 NET 
4 C W METERING SWITCH 57 

£ RLBJ L"' 5 AM POS'NI MONITOR F. S.O. 
LB4 

8-hQ 
4 

AERIAL CHAHGE·OVER 
(EXTERNAL) 

RECEIVE 

• S2 

~ 
ll\AHSMIT 

RLBt 

ALA 
2 

3 
I Zo 0 o~ 

01 

e E 

s 

-

Fie. 6.100. Station c.ontrol and transmitter meterins circuits. 
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RLC2 

MRl3 

LPl 
IAC ON I \=.~:\'' I __ c_t_l-----o N PU 

I o-o~:l•-----oE 2o~oc~;ov 
0·005'!' ,__ _____ _...,_ ____ ~O L 

---
CHi 
i3H 

C6 
f6).JF 

fOOK 

Rf6 
IK 

i·f KV 
Rlf 
68K 

Ri2 
68K 

Ri3 
68K 

EARTH 

300V 

fSOV 

EARTH 

R44 
2·7K 

PA 
BIAS 

DRIVER 
BIAS 

Ji 

-12V 

EXCITER HEATERS 

PA HEATERS 

MODULATOR HEATERS 

MIXER OSCILLATOR HEATERS 

Fig. 6.101. Circuit diaer:am of the powor supply for the Princess transmitter. 
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Wideband couplers T4 to TIO have been mentioned 
previously. Their construction is very simple: to obtain the 
correct spacing between the windings, cut a piece of Sellotape 
to the required dimension and stick it in the centre of the 
former. Do not forget to remove lhe Sellotnpc afterwards 
and also any pieces used to hold the wire terminalions, other 
wise the Q value of the coils will deteriorate with time. Use 
polystyrene cement lo fix the turns. ff the response of the 
80m transformer is too narrow, about I p F top capacity 
coupling wi ll widen the response suOkiently. 

For S7, a ceramic Yaxley is essential with break-before
make contacts; this is most important wi1h a potential 
difference of IOOO volts between adjacent positions. S6 has 
to carry 1000 volts d.c. as well as the full r.f. potential. 

The bias and drive potentiometers must be wire-wound; 
the tracks of carbon controls in this application would soon 
fail. The linear amplifier passive grid resistor, R4S, is made 
by forming two circles of 18 s.w.g. wire about I in. in 
diameter ; with one wire above the other, each of the ten 
resistors is spaced around the circle. To decrease or increase 
r.f. drive, less or more resistors may be used. With only 

TABLE 6. 13 

Inductor Details fo r the Princess Transmitter 

LI V.f.o. coil. SI µ.H 89 cur-ns -40 s.w.g. cn~m. close wound on 
Combion 1533-0..2 former i in diam. No core. Tor ring at 
cop :and bottom. 

L2, 3 Driver tank coil, 14 µH . Codar air spaced 3S turns 20 s.w.~. 
I in. diam. 3 in. winding length upped at 23 turns (40m , 
13! turns (20m}, 71 turns (15 m}, and 4~ turn • (IOm). 

L4 FiMI tonk coil, 1·6 (LH. Codar air spaced S turns 14 s.w.g. 
2 In. diam. 1 in. winding length tapped nt 3t turns (15m). 
nnd 2 turns (IOm). 

LS Final tonk coil, 7·5 µ H. Codu air spaced 17 turns 14 s.w.g. 
2 in. diam. 3 in. winding length upped >t 8~ turns (40m), and 
2 turns (20m). 

L6 3·6 Mc/s t~p. 25 µH. 70 turns 38 s.w.r. enamel close wound 
on Aladdin PP5938/S former with 9 mm. core. 

T4. T6 Widcb•nd coupler. J·S-3·8 Mc/s. Primary ond sccond•ry 
29·2 µH. Both windings 75 turns -40 s.w.g. en~m., close 
wound. Spacing between windings if in. Aladdin PP5938/S 
for"mor \'tnd can. 9 mm. cores. 

TS, T7 W ideband coupler. 7·0-7·25 Mc/s. Prim•ry • nd sccondory 
16·5 iJ.H. Both windings 57 turns 38 $.w.g. onnrncl, close 
wound. Spacing between windings 1/0 In . Aladdin PPS938/S 
(orn'o" nnd can. 9 mm. cores. 

TS Wideband coupler. 14·0-14·5 Meis. Primory Md second ary 
1·2 ILH. Both windings 30 turns 32 s.w.g. 0 11:1mcl, close 
wound. Spacing between windings t in. Aladdin PP5938/S 
for"mC?r ;i.nd can. 9 mm. cores. 

T9 Wodcband coupler. 21~21·45 Mc/s. Primary and secondary 
2·0 µH. Both windings 20 turns 28 s.w.g. cn~mel, close 
wound. Sp>cing between windings j\ in. Al•ddin PP5938/S 
former and can. 9 mm. cores 

TIO Widcb•nd coupler. 28·0...29·0 Mc/s. Primary ond •econd•ry 
1·3 µH. Both windings 14 turns 20 s.w.g. enamel, close 
wound. Spacing between winding• -/• in. Al•ddin PP5938/S 
rormcr ~nd e:;an. 9 mm. cores. 

Note: The Aladd/11 l'PS938/S former has a 11omi1w/ d/wnctc1· a( 1\~; in. and rhc 
screening c<m Is ~ fr1. square. Design ;11du(t<1ncc valuer: nrc quoted to ass1'st i( 
otf>cr" formers <Ire used. and arc with cores fitted and tho circuits rcsoruued. AU 
<ores crrc h.(. typos. 

•Roady-wound coils arc available from Elcctroniqu cs (Pro p: STD Ltd.) 
Edinburgh W•y, Harlow, Euex. 

H.F. TRANSMITTERS 

eight in circuit the transmilter will run up to 300 watts d.c. 
input on c.w. but will produce the wrong conditions for a.m. 

Cf resistors with the value specified for RI 7, RI 8, :ind R56 
are 1101 avoilnble, they may be made with resistance wire. 
The valvcholclers for V5 and Y6 should be p.t.f.c. ; for V7, VS 
and Y9 cernrnic is suitable. 

No components in the speech amplifier and modulator are 
critical. The resistance of R69 should be higher than that or 
R67, although both are nominally 100 K ohms. All earth 
wiring is taken to a bus-bar earthed only at the microphone 
input socket. 

Alignment Procedure 

On completion of the transmitter, it is advisable 10 adopt 
a logical sequence of tests, thus ensuring that, for instance, 
h.t. supplies Me not applied to a stage lacking bins due lo a 
fault. 
(J) Set S2 to RllCElVE, band switches to 80111, a11CI key up. 
(2) Before 11tting the valves, fuses, relays or crysta I, check 

the fo llowing lines to earth : 
E .. H.T. (C3 positive terminal) 200 K ohms. 
Y.I.T. (300 volls) 35 K ohms. 
H.T. ( 150 volts) 40 K ohms approx. 
Driver bias 2700 ohms. 
P.A. bias 1000 ohms. 
Relay supply (12 volts) 20 K ohms. 
Mains at Sla/b Infinity. 

(3) F it Fl and F2 only. Connect tbe mains (line voltage). 
Set YR I to maximum resistance. Set SYSTllM switch 
(SI) to EXC. ON. LPl should light. Check that the 
following voltages are present: 

Junction MRl 0-MRl 1 350 volts positive to chassis. 
Junction VRJ-R16 10 volts negative to chassis. 
Jtmction R40-R44 60 volts negative to chassis. 
Across CS 16 volts negative to chassis. 
Across LP I 6·6 volts a .c. 

(4) Set the p.a. bias line to -45 volts by means of VRl. 
(5) Fit the valves with the exception of VJ. Check that the 

valve heaters light. Measure the heater voltage al pins 
of V7, VS and V9: it should be between 6·0 volts and 
6-7 volts a.c. 

(6) Measure the negative voltage at pin 5 of V7: it should 
be approximately 60 volts. 

(7) Fit YI (OA2). Fit F4. The voltage across C6 should be 
325 volts approximately. The voltage across VI should 
be 150 volts. 

(8) Check the anode current of V7 on meter position 2: it 
should be less than 30 mA. 

(9) Switch to Nin. Check that JKl is shorted. 
(JO) Check the static voltages of Y2 to V7 for ony obvious 

irregularities. 
(I I} Disconnect the h.t. to the screens of V8 and V9 at R53. 
(12) Fit relay RLB/4 and check that the disconnected screen 

supply ( 11) reads 15 volts negative. 
( 13) Set the SYSTEM switch (SJ) to A I, and S2 to TRANSMIT. 

Relay RLn/4 should operate. Check that the dis
connected screen supply ( 11) now reads 300 volts 
positive. 

(14) Check I.hat the receiver control (transmit) is earthed. 
(1 5) Check that the feed to relay RLD/1 (aerial c/o) is 12 

volts positive earthed. 
(16) Set the SYSTEM switch (SI) to NET. Relay RLB/4 should 

open. R eturn S2 to RECEIVE. Check that the receiver 
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control (transmit) is open circuit and the receiver con
trol (receive) is earthed. The supply to RLD/1 should 
be open circuit. 

(17) Set Cl2 and C15 to approximately mid position, and 
Cl3 to 95 per cent of maximum capacity. 

( 18) Loosely couple a receiver covering .I ·4 Mc/s to 2· l Mc/s, 
to the anode circuit of V2. V2a should be oscillating in 

the region of 1·5 Mc/s. Adjust C l2 so that 1'5 Mc/s 
corresponds to a dial setting of 20. 

(19) The band l ·5 Mc/s to 2·0 Mc/s should be covered across 
the swing of Cl 3 with an overlap at each end. 

(20) Plug in the 5·5 Mc/s crystal. With a receiver, check that 
V2b is oscillating at this frequency. The note should be 
pure. Disconnect R46 at the screen grid of V7. 

TABLE 6.14 

Circu it ref. 

C l, 2 
C3,4,5 
C6 
C7, 20, 21, 26, 34, 
37, 38, 39, 41, 49, 
50, 51, 58, 59, 60, 
M. 66, 69, 78, 80, 
82, 83, 84, 89, 90, 
95 
C32 
ca 
C9. 11 
CIO 
Cl4 
c 16, 36, 47, 56, 63, 
94 
C l 7, 18 
Cl9, 33, 35, 52, 54 
en. 42 
C23 
C?.4 
C25 
C30 
C3 1, 43 
C44, 61 
C68 
C71 
C72, 73 
C74 
C75 
C76 
en 
CS5, 87, 91 
C96, 9S. I 00, I 03 
C97, IO I 
C99, 102 
CI04, 105 
C I06 

Cl2, 15, 48, 57 
Cl3 
C70 
C86 
CBS 

RI, 2, 3, 4, S, 6, 7 , 
8 
R9, 10 
RI I, 12. 13 
R.16, 65 
R. 17, 18 
R. 19 
R20, 27, SB 
R'21, 33, 37, 41 , 42, 
so 
R22, 36 
R23, 29, 31, 34, 38 
R24 
R25, 26 
Rl8 
R30 
R32, 46 
R35, 39 
R40 
R43 
R44 
R4S 
R47 
R48 

6.68 

Components List for the Princess Transmitter 

Oe..script:ion 

Capacitors (fixed) 

0 ·005 1iF, I SOOV w kg., '20% 
100 ;.i.F electrolytic, 450¥ wkg. 
16 µF electrolytic, 350¥ wkg . 

0·01 µF disc ce ramic, 350¥ wkg. 
O·I µF paper. 350¥ wkg. 
100 µF elect ro lytic, ISV wkg. 
32 µF e lectrolytic, 150¥ wkg. 
I 00 µF electrolytic, I OOV wkg. 
10 pf ccran>ic , N750L, 20% 

100 pf si lver mico, 350V wkg., 10% 
1000 pF silver mica, 350¥ wkg •• 2% 
I 0 pF silver mica, 350V wkg., I 0% 
56 pF silver mico, 350¥ wkg., 10% 
82 pF si lver mica, 350¥ wkg., 10% 
39 pf sllvor rnico, 350¥ wkg., 10% 
660 pF silver mlc•, 3SOV wkg .. 10% 
43 pf silver mica, 350¥ wkg., 2~ 
33 pF silver mico, 350¥ wkg., 2X. 
15 pf silver mica. 350V wkg .. 2% 
0·001 1iF mica, 7SOV wkg., 10% 
20 pf ceramic. Hu nts COG. 5% 
100 pf ceramic, Hunts COG, $% 
150 pf ceramic, Hunts COG, S% 
180 pf ceramic, Hunts COG. S% 
330 pf cenmic, Hunts COG, 5% 
S40 pf (510 pf + 330 pf) 
0 ·005 µ F mic~. 3 kV wkg .. 20% 
8 >if electrolytic, 3SOV wkg. 
2 µ f eleccrolytic, 12V wkg. 
0·002 iif pape r, 3SOV wkg., 20% 
0·01 µF paper, 350¥ wkg., 20% 
2S µ f electrolytic, 2SV wkg. 

Capacitor> (variable) 

3-30 pF air spaced trimmers 
100 pf Eddystono Typo 585 
60 pf Eddystone TypC> SBl 
250 pf Eddystone T ypo 9 17 
I SOO pf (three·g•ng SOO pf) 

Resisrors 
150 K ohms, t wntt, 10% 
10 ohms, 3 watt,s1 wirewound, IOo/0 

68 K ohms, 6 w-atu, w irewound, 10% 
I Kohm, I wou, 10% 
3 ohms. I w:uc, wircwound, 10% 
4·7 K ohms, 6 watts. wircwound, 10% 
100 K ohms, t watt, 20% 

I K ohms. l· watt, 20% 
4·7 ohms, t wou, 20% 
47 K ohms, :I- w•tt, 20% 
5·6 K ohms, t watt, 20% 
470 K ohms, t watt. '20% 
8·2 K ohms, t W3tt, 20% 
330 ohms, t watt, 20% 
10 K ohms, l wU\, 10% 
470 ohms, ! watt. 20% 
6·8 K o hms. I watt, I 0% 
430 ohms, t w •tt. 1% hi-stab. 
2·7 K o hms. I W•tt, 10% 
JO ohms, t w>lt, 20"/o 
11 ohms, i- wac:t, 1% hi·stab. 
JOO ohms Consist• ol 10 IK ohm 
I watt 10% resistors in parallel. See 
text. 

Quantity 

2 
3 
1 

26 
I 
I 
2 
I 
I 

6 
2 
s 
2 
I 
I 
I 
I 
2 
2 
I 
1 
2 
I 
I 
1 

3 
4 
2 
2 
2 
I 

4 
I 
I 
I 
I 

9 
2 
3 
2 
2 
I 
3 

6 
2 
s 
I 
2 
I 
I 
2 
2 
I 
1 
I 
I 
I 

Circuit ref. 

R49 
RSI, S2 
RS3 
R54, SS, 75 
R56 
RS7 

RS9, 62, 68 
R60, 63 
R61, 64 
R66 
R67, 69 
R.70, 71 
R72 
R73 
RH 
R76 
VRI 
VR3 
VR4 

CHI 
Fl. 2 
F3 
F4 
LPI, 2 
Mct~r 

MRI to MRl2 
MR14. IS, 16, 17 
MR.19 
MR13 
RFC!, 3, 4 
RFC5 
RFC2, 6, 7 

RFC8 

RLA/ 2, RLC/2 
RLB/4 
RLO/ I 
SI 

Sl 
S3, 4, 5 
S6 
57 
Tl 

T2 

Tll 

VI 
V2 
V3, 11 
V4, 5, 6 
V7 
V8.9 
VIO 
Vil, 13 
XI 

Oesc,.iption 

2 M ohms, i wut, 1% hi·st;ib. 
I 0 ohms, t watt, I 0% 
22 ohms, t watt, 1% hi·stab. 
100 ohms, t watt, 20% 
2·2 ohms, t watt, 2% 
To Increase total motor resistance to 
l·I K ohms ± 2%, t watt. See text 
3·3 K ohms, t wntt, 10% 
220 K oluns, ~ watt, S% hi·stab. 
39 K ohms, t watt, 20% 
I M ohm, j. watt, 20% 
100 K ohms, :I- watt, 10% 
220 K ohms, t watt, I 0% 
330 ohms, 3 w:uu. wircwound, 5% 
56 ohms, t watt, 20% 
I K ohms, 3 wuu, wirewound, 10% 
I ·5 K ohms, S w:itts, wirewound, 10% 
10 K ohms, 3 watts, wircwound, 10% 
100 K ohms, 3 watts, wirewound. 20% 
I M ohm, carbon lof, 20% 

Mlscclloneovs 

12H 200 rnA Partridgo TF681 I 
Cartridge fuse, S :amp 
Cartridge fuse, I ;imp 
Cartridge fuse, SOO mA, anti·surge 
lndic>tor bulb, av 0·15 •mp 
0-1 mA panel mountin&. See RS71or 
value of internal meter resistance 
BYIOO, SOOY p.i.v., SOO mA 
SX631 , IOOV p.i.v., 750 mA 
CASS 
OA210, 400¥ p.i.v. 
2·S mH Electroniquos 
470 µH Elcctroniques 
7 turns 22 s .w.g. onamc.1 wound over 
R54, R55, R75 
100 turns 32 s.w.g. on ccr-amic tube 
4 in. X I In., windin2 divided into 3 
sections . 
d .p.d. t. 1?.V oporotion 
'4 pole changeover, I 2V operation 
s.p.d.t., aerial ch;mgeover 
-4 bank 2 pol• Sway 250¥ S amp make 
before breok 
Toggle, s.p.s.t. 
2 bonk 2 polo 5 way 
1 bank 1 polo S w•y, heavy duty 
I bank 2 po lo S W'3y, ccr3mic 
Mains transformer. Primary 200-
250¥, 50 c/s. Secondaries 4SQ..0-..4SOV 
250 mA, 6·3V 0·3 omp. Partridge 
Tf6809 
M3ins transformer. Primary 200-
250¥, 50 c/s. Secondaries 375-0-37SV 
180 rnA, 12V I amp, 6·7V 7 amps, 150¥ 
20 mA. Partridge TF6810. 
Modulation tr:.nsformor. Woden 
UMO. 
0A2-150C2 
ECC81. 12Al7 
ECCS2, 12AU7 
EF91, 6AM6 
QV06/20. 6146 
Trll,7623 
ECC83, I 2AX7 
ELSS 
Crystal, 5·5 Mc/s. 0 ·01%. 30 pf 

Quantity 

I 
2 
I 
3 
I 

3 
2 
2 
I 
2 
2 
I 
I 
I 
1 
I 
I 
I 

I 
2 
I 
I 
2 

I 
12 
4 
I 
I 
3 
I 

3 

I 
2 
I 
1 

I 
I 
3 
I 
I 

I 
I 
I 
I 
I 
2 
3 
I 
2 
I 
2 
1 



(21) Set C l 3 to correspond to I ·970 Mc/s, giving a frequency 
of 3·S30 Mc/s at the anode of V3. 

(22) Connect a test meter on a low voltage range (2·5 volt 
f.s.d.) to TPl. Set VR3 to minimum. 

(23) Peak the reading by adjustment of the cores in T4. 
(24) Set C l 3 to J ·73 Mc/s to give a mixed frequency of 3·77 

Mc/s. Readjust T4 to equalize the drive over the whole 
range 3·5 Mc/s to 3·8 Mc/s. Note that it may prove 
necessary to alter the values of C30 and C31 within 
small limits. 

(25) Select 40m on the EXCITER switch. Tune TS and select 
C33 and C3S ir necessary. The tracking frequencies are 
7·030 Mc/sand 7·220 Mc/sand the range 7·000 Mc/s 
to 7·250 Mc/s. 

VENTILATED 
DETACHABLE LID 

H.F. TRA.NSMI'CT'ERS 

(26) Loosely couple the receiver to the grid circuit of V7. Set 
the band switch to 80m, frequency to 3·S30 Mc/s, S7 to 
grid of V7 and VR3 to maximum. 

(27) Tune T6. Note that the meter has a suppressed zero and 
may not read until resonance is closely approached. 

(28) Compromise adjust T 6 across the whole band, altering 
the tuning of T4 to improve tbe broadband response. 
Check that VR3 controls the drive level to V7. 

(29) Repeat for 40m, tuning T7. C4S may not be needed 
due to the high stray capacities in circui t. 

(30) Select 20m. Tune TS, then peak the reading with C48. 
Note that maximum drive to V7 on the three higher 
bands may not occur at the maximum sett ing of VR3 
and this control should be set to the optimum posit ion. 

MODULATOR SCREEN 

(31) Select !Sm. Tune T9. 
Only a slight indication or 
even no reading may be 
noticed. Do not despair 
at this stage. Rely on the 
receiver for indications of 
resonance. 

(32) Select 10111. Tune TlO. 
Peak with CS7. Similar 
remarks apply. 

(33) Reconnect R46 to the 
screen grid of V7. Select 
80ro and set the v.f.o. to 
3·S30 Mc/s. Set S7 to 
read the anode current of 
V7. Tune P.A. GRID con
trol. The anode current to 
V7 should be about 35 mA 
at resonance. 

(34) Repeat for all bands. The 
figure for !Om operation at 
resonance should be in the 
region of SO mA. 

(3S) It may be found necessary 
to alter slightly the values 
of C73-C77. An increase 
in capacity reduces the 
loading .. 

Fig. 6.102.. Construction of the screens. 

(36) Under (3 1) and (32) it 
was stated that little in
dication of drive would 
be obtained. Accurate 
tuning may be effected by 
setting C70 well off reson
ance and tuning T9 (for 
JSm) and T10 (fol' lOm) 
for maximum reading of 
anode current to V7. At 
all frequencies this should 

BOX FOR 
EXCITER SWITCH 
LINKAGE ASSEMBLY 

exceed 75 mA. 
(37) The exciter may be tried as a low power c.w. trans

mitter by disconnecting the lead to the p.a. grid 
resistor, R48, and feeding a low impedance aerial 
from the low power socket. After this test, re
connect R48. 

(38) Fit relay RLC2. Check that F 3 is not fitted. Connect 
either R9 or RIO to the centre tap of Tl as a precaution, 
Key up. 

(39) Switch to Al. Check that the voltage at the bridge 
outpu t is approximately 430 volts d.c. 
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{40) Fit F J. Check that h.t. 
supply is now approxi
mately 650 volts d.e. 

{41) Set the METER swi tch 
to p.a. screen current. 
Set S2 to TRA~S~llT. A 
reading of less than 
5 mA should be obtained. 

( 42) Set the MliTER switch 
to p.a. a node current. 
A reading of approxi
mately 20 mA should be 
obtained. 

(43) Connect R9/R 10 across 
the full h.l. outpu t of 
T t . T he cl.c. output 
should be approximnlely 
double that obtained at 
step (40). 

(44) Set VRI 10 given stand
ing p.a. anode current 
of 70 mA. 

(45) Connect a 75 ohm I 50 
watt load to the r.f. 
output socket. 

(46) On 80m, with key down, 
drive the amplifier, load
ing to give a p.a. screen 
current at resonance of Under chassis view of the Princess, tr;tnsmittcr. The exciter occupies the cent:ral portion of the 

chassis and the modul~tor is at the top lert corner. 

CHASSIS RUNNERS 
HAT: 16 owg STEEL 
2 OFF REQUIRED 
FIT TO FLOOR OH IHSIOE Of CABINET SO THAT THE 
CHASSIS SIDE- WALLS SLIDE ON RU NN ERS 

CUT ·OUT FOR 
EDDYSTONE 098 
DIAL ASSEMSLY 

FRONT PANEL 

Fia. 6. IOJ. E1umtial cabinet and panel dimen1ion1 fo r the Princess .. 
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25 mA. This corres
ponds to approxim ately 150 
watts input. 

(47) Set the v.f.o. to an outp ut 
frequency of 3700 kc/s. 
With the receiver tuned 
to 3600 kc/s a spurious out
put may be beard. Adjust 
the series resonant circuit 
L6/C24 to minimize this 
s ignal. It is due to the 
second harmonic of the 
v.f.o. oo JSOO kc/s. 

(48) Repeat step (46) on all 
bands. On the two higher 
frequency bands, ibe P.A. 

G RtD tuning c-0ntrol must 
be adjusted for maximum 
drive. 

(49) F inal checking of the modu
lator may now be carried 
out. Fit relay RLA/2. Set 
VR4 to minimum. Tum 
SYSTEM switch to A3. P.a. 
anode current should drop 
to about 90 mA. 

(50) Modulation can now be 
applied. The p.a. anode 
current should peak to only 
about 120 mA. 
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Fig. 6.104. Constcuction of the exci~cc sub-assembly. 

Operation 

ibi 

Select the band required, v.f.o. on frequency, set METER 
switch to anode current of V7 and svsrnM switch to NET. 
Set the DR IVE control at maximum, lw1e C70 for a dip in 
anode current ; check that the grid currcrlt of V7 does not 
exceed I mA, adjusting VR3 if necessary. 

Switch to p.a. screen current and to A l . With the key 
down, tu11e the p.a. controls C86 and C88 for a 25 mA peak 
in screen current. This should approximate lo an input of 
150 walls as indicated by the two remaining metering 
positions. With the key up, the anode current should be 
70 mA, to which it had been set during alignment. 

For phone operation, switch to A3; p.a. anode current 
should drop to around 90 mA. Adjust VR3 to obtain this 

H.F. TRANSMilTERS 

reading (usualJy less drive is required). With VR4 set to 
suit the operator's voice level, modulation peaks should 
cause the anode current to rise to 120 mA. Care should be 
taken not to overdrive the amplifier, otherwise it will flat-top 
and splatter and TVI will result. 

S.S.B. Operation 

The constructior1 of an s.s.b. exciter for the Princess 
transmillcr was described in the July, August and September 
1966 issues of the RSGB B11/leti11. This exciter fits into the 
space occupied by the exciter described in this chapter. 

A VALVE BUFFER FOR A TRANSISTOR V.F.O. 

When a transistor v.f.o. is used with a valve transmiller, it 
is desirable to provide additional isolation by means of class 

cs 
0·011 R3 

ISK 

R4 

Fig. 6.!05. Cl an A buffec amplifiec suitable foe use between the 
trans istor v.f.o. of Fir. 6.36 and a valve transmitter. Sufficient 
output is eivon to dcive eithec a 6BW6 oc a 5763. Valu es of Cl and 
LI ace rive n in T:able 6.15. The valve may be an EF91 oc a 6AM6. 

A valve buffer stage. The circuit of such a buffer, intended 
for use with the v.f.o. of Fig. 6.36 is given in Fig. 6.105. The 
input of the buffer amplifier is capacity coupled to the 
colJector of the output transistor (Fig. 6.36). 

The peak r.f. voltage available at the collector of TR2 is 
about 2·5 at 3·5 Mc/sand slightly less in the 11 Mc/s version, 
adequate in both cases to drive a valve buffer in class A. 
To ensure the valve operates in class A, a 500 uA meter 
should be connected in series with the eartby end of the 
lOOK ohm grid resistor RI. If grid current is indicated, Cl 
should be reduced in value. The output of the stage is 
sufficient to provide 2·5-3mA grid current through 22K 
ohms to a QY03-12 (5763) or a 6BW6. 

T ABLE 6.15 

Frequency LI T ucn• Wire Cl I 
3·5 Mc/ s 75 Hs.w.,. 100 pf I 11 Mc/s 19 22 s.w.,. lS pf 

Coil1 uc close wound on + in. former1. The wire it enamelled covered. 

6.71 
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V.H.F./U.H.F. TRANSMITTERS 

~NSMIITERS for lhc 4m, 2m, 70cm and 23cm (70, 
l 144, 430 and 1296 Mc/s) bands employ the same 

general principles as those used on the h.f. bands : a stable 
oscillator fol lowed by frequency-mult iplying and power
amplifying stages. 

A major difference belween h.f. and v.h.f. transmitters is 
that the v.h.f. equipment is usually designed to operate 
on one band only. This is mainly due to the r.f. losses that 
would result from a band-switching device, and also to the 
difference in the form of tuned circuit, the transition from 
lumped circuits to parallel-line cirCllits and ultimately 
from parallel-line to coaxial-line circuits as the frequency is 
increased. Lumped circuits may be used at 70 and 144 Mc/s 
but line or cavity circuits arc genera lly more satisfactory at 
430 and 1300 Mc/s. 

As the 2111 band and part of the 70cm band arc in harmonic 
relationship it is common practice to use an existing 2111 
transmitter as a driver, the output of lhe 2m transmitter being 
applied to a push-pull tripler stage which in tum is used to 
drive a power amplifier on 70cm. With this arrangement a 
transmitter operating between 144 and 146 Mc/swill produce 
an output having a frequency between 432 ahd 438 Mc/s. 
Similarly, a 70cm p.a. can be used to drive a tripler to 23cm, 
result ing in frequencies between 1296 and 1314 Mc/s. The 
usual operating range for frequency stabilized equipment 
on this band is 1296-1300 Mc/s. 

Although rapid progress has been made in the production 
of semiconductors, they arc still relatively expensive for 
operation on v.h.f./u.h.f. at comparable power levels to the 
valves available. 

CRYSTA L CONTROLLED OSCILLATORS 

The majority of v.h.f. transmitters arc crystal controlled, 
although in some 2m transmitters the drive is derived from a 
stable variable freq uency osci llator. To be able to tune the 
transmitter lo the same frequc11cy as that of the station 
being called, which is one of the customary requirements fo r 
operation on the h.f. bands, is not so necessary in v.h.f. 
practice. 

The crystal-oscillator circuits used in v.h.f. transmitters 
are similar 10 those employed for the lower frequencies. 
Crystal frequencies are usually in the range 6-12 Mc/s, and 
owing to the high multiplication factor in the transmitter to 
reach the final radiated frequency, the oscillator arrange
ment adopted is generally one that produces a large har
monic output. A common example is the modified Pierce 
oscillator in which the anode circuit is tuned to the third or 
higher odd hannonic of the crystal frequency. Suitable 
valves in the miniature range to employ in this circuit are the 
EF91 (CVl38, 6AM6), EL91 (CVl36, 6AM5) and EF95 
(6AK5). 

Overtone Oscillators 

In addition to operation on their fundamental frequency 
it is possible for crystals to oscillate on odd multiples, or 
overtones, of the fundamental. The term overtone is used 
in preference to harmonic operation, as the resultan t fre
quency of oscillation is no t an exact mul tiple of the crystal 
frequency. 

The most suitable crystals for overtone operation are 
AT-cut or BT-cut, operat ing in the thickness shear mode, 
in which the frequency is determined by tbe thickness of the 
crystal. Figs. 7.1 (a) and (b) show the deformation in the - ---__ / _/ \ __ \ 

(a) - (b) 

---
}---~---~ ----------
Cc) -

Fig. 7. l . Operation of a crystal on its fundamental and thi rd 
overtone. 

thickness of a crystal opera ling on its fundamental frequency 
at successive peaks of each half-cycle. F igs. 7.1 (c) and (d) 
show the deformation of a crys tal operating on its third over
tone; in each instance the arrows indicate the direct ion of 
mechanical movement. It will be seen that the crystal now 
operates as if it consists of three distinct layers ; for fifth 
overtone operation it would appear to consist of five layers 
and so on. When the crystal is functioning as an overtone 
oscillator, there is 110 funclamcn!al frequency component, the 
lowest frequency genera ted being that of the particular 
overtone. 

For successful overtone opcrn!ion crystals must be very 
accurately ground. At the frequencies used for oscillators 
in v.h.f. transmitters each layer of the crystal is only a few 
thousandths of an inch thick, and any irregularity in the 
grinding will result in failure to oscillate. Excessive pressure 
on the surfaces of the crystal by the mount ing will also 
prevent oscillation. 

Crystals specially processed for over!one are available 
giving output frequencies up to approximately 200 Mc/s. 
Certain crystals ground for fundamental frequency opera
tion are suitable for use on the 11\ird and fifth overtones, 
notably the type Ff243 in the frequency range 5·5 to 8·5 
Mc/s. In transmitter circuits it is recommended that opera
tion is restricted to the third or fifth overtone, due to the 
lower output voltage obtainable at the higher orders. 

7.1 
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To cause a crystal to oscillate on its overtone additional 
feedback at the overtone frequency must be provided. 
Only suOicicnt feedback to sustain oscillation should be used: 
too much feedback will result in the crystal losi1\g control 
and self-oscillation taking place. Adjustment of fceclback 
is usually quite critical, fundamental frequency crystals 
requiring more feedback than those specially processed. 

The evacuated B7G type of crystal with sputtered elec
trodes is very suitable for overtone operation, provided that 
a moderate h.t. voltage only is applied to the oscillator and 
feedback is not excessive. Too high an h.t. voltage will 
result in over-heating and possible fracture of the crystal. 

The advantages of employing overtone osciJlators in v.h.f. 
transmitters are that the lowest frequency generated is that 
of the overtone and there is less chance of causing spurious 
emissions than from a funcl:1mcntal frequency oscillator. 
Disadvantages are that initial adjustment to obtain good 
frequency stability may be critical, and that the overtone 
frequency generated is not an exact multiple of the 
crystal frequency unless it is cut and calibrated on its over
tone frequency; this must be borne in mind when working 
close to the edges of a frequency band. 

Typical overtone oscillator circui ts are shown in Fig. 7.2. 
The simple circuit of Fig. 7.2 (a) is sui table for use with crystals 
intended for overtone operation but cannot be employed with 
fundamental crystals as insufficient feedback is provided 
lo cause oscillation. LI is tuned to the overtone frequency. 

The modified Pierce osci llator of Fig. 7.2 (b) uses a triode 
connected high slope pentodc such as the 6AM6/EF91 and 
will give good harmonic output up to the ninth. The anode 
circuit LC is tuned to the required frequency. 

Fig. 7.2 (c) shows the Squier circuit which is in common 
use with fundamental type crystals in transmitters and as the 
local oscillator in v.h.f. converters. Feedback between anode 
and grid circuits is by direct inductive coupling, the degree 
of feedback being determined by the position of the h.t. tap 
on the inductor LI ; the tap is at earth potential to r.f. and 
feedback increases with the number of turns between the tap 
and the grid end of the inductor. 

When overtone crystals arc used in tllis circuit tbe amount 
of feedback required is small , but it must be increased with 
fundamental type crystals. LI is slug tuned to the frequency 
of the particular overtone selected. The position of the tap 
should be adjusted to provide sufiicient feedback to initiate 
and maintain oscillation only and should be approximately 
one-quarter of the total number of turns from the grid end 
of the winding. This may require adjustment when initially 
sett ing up the osci llato r. As with all overtone circuits too 
much feedback will resu lt in the crystal losing control and 
self-oscillation taking place. 

The ci rcuit shown in Fig. 7.2 (ti) is a transistor overtone 
osci llator suitable for third or fifth harmonic use. L2 is tuned 
to the output frequency, the collector may be tapped down 
to about one-thi rd up from the earthy end. An OCl71 
transistor or an equivalent is suitable for use in this circuit. 

Fig. 7.2 (c) illustrates the Robert Dollar circuit. In this 
circuit feedback is controlled by the two capacitors C2 and 
C3. Decreasing the capacitance of C2 increases the feedback. 
Typical values for C2 and C3 arc shown in the diagram, but 
if desired, C2 may be a pre-set capacitor to give some 
flexibility of adjustment. LI is tuned to the overtone 
frequency. 

A variant of the Dutler circuit, due to Cathodeon Crystals 
Ltd., is shown in Fig. 7.2 (f). This circuit, which is suitable 
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Fig. 7.2. Typical overtone cry1tal oscillators. (a) Simple type 
suitable (or use crystal cut for overtona operation. (b) The modified 
Pierce circuit. (c) Squior type. (ct) A typical transistor 01c:illa.tor for 
third or fifth overtone operation. (e) The Robert Dollar circuit. 

(f ) Tho modified Butler circuit. 

for use with overtone crystals, consists of a grow1ded grid 
amplifier, (Via) and a cathode follower (VJb). The anode 
circuit of the amplifier is tuned to the overtone frequency; 
the anode circuit of the cathode follower is tuned to a 
harmonic of this frequency, usually the second or third, as 
output at harmonics higher than these is generally too low 
to provide adequate drive in transmitter circuits. lf r.f. 
output at the overtone frequency onJy is required this may 
be obtained from an inductive coupling to L1 ; in this instance 



the anode of the cathode follower should be earthed to r.f. 
and the tuned circuit L2, C2 omitted. 

It is recommended that low Q inductors are used in this 
circuit. A coil wound on a polystyrene former and tuned by 
an adjustable dust-iron core is suitable. The resistors in 
the cathode circuits of the valves form a transmission line 
and should be matched in value to achieve lowest loss. It 
may be necessary to experiment to obtain the optimum value 
for these components because the r.f. output rises but the 
frequency stability of the circuit falls as the value of resistance 
is increased. Lowering the value of the resistors increases 
the stability but the output will be reduced to a point at 
which oscillation ceases. A compromise should be aimed at 
between good frequency stability consistent with r.f. output 
adequate to drive the succeeding stage of the transmitter. 

Triode valves arc shown in all the circuits previously 
described but tetrodes and pentodcs may also be used 
satisfactorily. Valves in the miniature range arc to be 
preferred; the normal practice is to use double triodes, one 
section functioning as the oscillator, the output of which is 
fed into the grid of the second section, which acts as a 
frequency multiplier. Suitable valves to employ in the 
circuits of Fig. 7.2 are the ECCSI (CV455, 12AT7), ECC91 
(CV858, 616), ECC82 (CV491, 12AU7) and ECC85 (6AQ8). 
The triode pentacle ECL80 (6AB8) is suitable for use as a 
triode overtone oscillator and pentode frequency multiplier. 
A recommended valve in the double triode range for the 
Butler circuit of F ig. 7.2 (f) is the ECC81 (12AT7); suitable 
pentodes for this circuit are two type EF95 (CV850, 6AK5). 

As with the more normal type of crystal oscillator, 
resonance in an overtone circuit is indicated by minimum 
anode current. It will be found when tuning the circuit that 
the anode current will fall very sbarply on the low frequency 
side and will rise rather more gradually on the high frequency 
side of resonance. The final adjustment should be such that 
the circuit is tuned slightly to the high frequency side of the 
resonant point, which will result in maximum stability being 
obtained. 

The resonance condition of the oscillator ci rcuits described 
in this Chapter may be conveniently determined by tuning 
for maximum grid current in the following stage. The over
tone circuit LI , Cl of Fig. 7.2 (f) may be adjusted for maxi
mum grid current in Vlb, as indicated by a milliammeter 
connected across R. 

FREQUENCY MULTIPLIERS 

Frequency multiplying stages usually incorporate tetrode 
or pcntode valves for greatest sensitivity and efficiency; 
high sensitivity is desirable because a large amount of grid 
drive may not be available from the preceding stage, 
particula rly as the frequency of operation is increased. As 
the frequency increases the efficiency of multiplying stages 
falls off and for this reason it is advisable that any quad
rupling or tripling is confined to the early stages of the 
transmi tter and that doubling only takes place in the later 
stages where the efficiency is lowest. 

To minimize the generation of unwanted frequencies, 
which would increase the possibility of interference to other 
services, multiplying stages should be designed to give 
maximum output at the desired harmonic and minimum 
output at all other frequencies. This is achieved by the use 
of high Q tu11ecl circuits, inductive or link coupling between 
stages, and operation at the lowest power level consistent 
with obtaining adequate drive to the succeeding stage. 
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At frequencies up to 145 Mc/s single ended stages are 
usually employed. Most of the valves listed in Table 7.2 are 
satisfactory for use as multipliers; suitable types for low 
power operation are the EF91 (CV138, 6AM6), QV03-12 
(CV2129, 5763) and QV04-7 (CV309). R.F. double tetrode 
valves are commonly used as push-pull frequency triplers 
and can also be used as push-push doublers with the two 
anodes connected in parallel. 

Triode frequency multipliers arc sometimes employed in 
low power fixed and mobile transmitters, and their use in 
crystal-oscillator/multiplier circuits has already been men
tioned in the section dealing with overtone oscillators. At 
higher frequencies, for example as triplers from 144 Mc/s to 
430 Mc/s, iriodes such as the A2521 (6CR4), 5842 (417A), 
DET22 (CV273, TDOJ- 10), EC8010, DET23 (CV354, 
TDOJ- 5), and DET24 (CV397, TD04-20) will be found 
suitable. Varactor diodes and some u.h.f. power transistors 
may also be used as frequency multipliers. 

TABLE 7.1 
For the early st3ges of much of the equipment used at v.h.f./u.h.f., 
small valves such a s the ECC91 /&J6 doublo trlod.,, EF91/6AM6 a nd 
E180F(6688) pentodas are suitable and of high efficiency. The follow· 

inc data a,.e a. repr~scntative guide. 
EF91 /6AM6 with anodo voltago of 300V. screen voltac• of 250, a nd 

grid bias of -20V. 

C lass of f Input f ou.~ut. Anode Sc.n~e.n Grid Power 
operation (Mc/s) (Mes) curr·ent cu rrent current ouput 

(mA) (mA) (mA) (watts) ,_ 
60 60 11·5 3-2 l·S 1·9 

Amplifier 120 120 11·5 3·2 1·7 1·7 
200 200 9·7 3·2 1·9 0·4 ---- ------ --,_ 

Frequency 30 60 10·0 3·2 1·5 1·5 
Doubler 65 130 10·0 3·2 1·6 l·I 

90 180 9·0 3-2 1·8 0·25 
- -----Froquency 20 60 10·5 3-2 1·6 l · I 

Triplcr 30 90 10·0 3·2 1·7 0·9 
so 150 9·0 3-2 1·8 0·2 

ECC91 /6J6 with :in ode voltage of 200. 

Cius of Fre· Ca th- Anodo Grid Grid Power 
opor a.t:ion ,uenc.y ode Currant Current Re1isto r Output 

Mc/s) Current (l • (lot) (la<t.oO (Com- (Watta) 
(mA) tmA) (mA) mon) 

(K ohn11) ---------,_ 
Amplifier so n 17·2 4.8 1•5 2·1 
(Grid biu 

-14V) 100 22 17·8 N 1•5 H 
Cathodo 

resistor ISO n 18·2 3-8 l·S 1·7 
330 ohms 200 n 18·8 3-2 2·2 1·4 

150 n 19·3 2·7 1·7 l·I ---------- - -
Froqucncy so 22 16 6 15 0·95 

Tri pier 100 22 16·7 5-3 18 0·9 
(Grid blos 150 22 17·2 4·8 22 0·8 

-IOOV 200 n 17·7 4·3 22 0·7 
Cathodo 
rosistor 250 :u 18·2 3·8 27 0·6 

120ohms) 

POWER AMPLI FIERS 

Power amplifying stages may employ triode or tetrode 
valves, used either singly or in push-pull. Tetrodes have the 
advantage that the power gain is greater and a lower grid 
drive is required, an important factor at the higher fre
quencies where in many instances only a low oul'put is 
available from the preceding driver stage. 

7.3 
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For low and medium power 2m and 70cm transmitters 
undoubtedly the mosc popular valve is the r.f. power double 
tetrode, some versions of which are suitable for operation up 
to 600 Mc/s. In the low power class with up to 10 watts 
anode dissipation, these valves are of miniature single-ended 
construction; examples are the Mullard QQV02- 6 (6939) and 
QQV03- JO (6360). For higher power ratings up to a maxi
mum of 40 watts anode dissipation a double-ended con
struction has been adopted, as exe111pli11ed by the Mullard 
QQV03- 20A (6252/AX99JO) and QQV06-40A. T hese vaJves 
incorporate internal neutralizing capacitances and no exter
nal neutralization is necessary provided that input and output 
circuits arc shielded from each other. 

Alternatively, grounded grid triodes for use as frequency 
multipliers, and amplifiers, offer somewhat simpler circuits. 
With such valves as the A2521 (6CR4), ECSOIO (8556), 
DET22 (TDOJ-10) and DET24 (TD04-20) equally good 
power gain above 430 Mc/s may be attained. 

Single tetrodes are commonly employed in high power 
2m transmitters, or a pair may be used in push-pull ; suitable 
valves arc the Mullard QY3-65 and QY3- 125. For 70cm a 
typica l high power amplifier consists of a 4XJ50A forced 
air cooled tetrode in a coaxial circuit; such an amplifier 
can be operated at the maximum input of' J 50 watts at 
435 Mc/s. Amplifiers for 23cm make use of planar electrode 
triodes in a coaxial circuit. 

A list of valves suitable for operation as power amplifiers 
and in the later frequency multiplying stages of v.h.f. and 
u .h.f. transmitters appears in Table 7.2. Detailed infonnation 
on these types and in many instances appl ica tion notes may 
be obtained from the valve manufacrurer. 

TUNED C IRC UIT S 

At frequencies up to approximately 150 Mc/s lumped 
circuits ar:c efficient and are generally used throughout the 
transmitter in both multiplying and <Ul11)1ifying stages. 
Above this frequency the efficiency of an inductor-capacitor 
tuned circuit falls off and use is made of parallel resonant 
lines up to frequencies of approximately 500 Mc/s At 
higher frequencies the spacing between parallel lines becomes 
appreciable compared to the wavelength and loss occurs due 
to radiation from the lines; for tJ1is reason coaxial resonant 
lines in which the outer conductor is at earth potential 

RFC 

LI 

E ouTPUT 

Fig. 7.3. Se ries tuned anod e circuit. 

to r.f. are employed at u ltra high frequencies. The transi
tion from one type of runed circuit to the other takes 
place gradua lly and some overlap exists in the cho ice of a 
particular tuned circuit for a given frequency; for instance 
although the majori ty of 144 Mc/s transmitters make use .. n· 
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lumped circuits throughout, a quarter wavelength line is 
sometimes employed as the tank circuit in a medium o r high 
power amplifying stage. At 430 Mc/s the tendency is to use 
parallel-line ci rcui ts at low and medium powers and coaxial 
or cavity circuits in high power transmitters. 

Examples o r each type of tuned circuit previously discussed 
appear in the tr:tnsmitters descr ibed later in this chapter. 

The inductors used in lumped circuits should be o f self
supporting air spaced construction, and can conveniently be 
wound with soft drawn enamelled copper wire, having a 
gauge between 12 and 22 s.w.g., the wire gauge increasing 
as the power rating of the stage and the frequency of opera
tion increases. For power ratings in excess of I 00 watts, it is 
advisable to use 13.r or t in. o.d. copper tube, preferably 
silver plated to minimize loss due to skin effect which can be 
appreciable a t the frequencies under consideration. As a 
v.h.f. transmitter is essentially a one band device, an inductor 
should be soldered directly across the associated tuning 
capacitor; this eliminates any plug and socket connection 
which could cause losses if used in an r.f. circuit. 

In tuned circuits associated with driver stages it is common 
practice to dispense with the tun.ing capacitor and to 
resonate the inductor with the stray and circuit capacitances. 
Tuning is effected by opening out or compressing the turns 
of the inductor. 

Certain single-ended tetrodes have a high output capaci
tance which makes difficult their use at v.h.f. with a normal 
parallel-tuned circuit. This type o f valve can be used, how
ever, if a " series-tuned " anode circuit is adopted (Fig. 7.3). 
rn this arrangement the tuning capacitor C l and the output 
capacitance of the valve are in series across the inductor. 
Ideally the value o f Cl should be equal to the valve output 
capacitance. Tile effective parallel capacitance is less than 
that clue to the va lve alone and the external inductance can be 
increased to a value that results in an efficient circuit. 

Linear tuned circuits are most conven.iently employed li1 
push-pull stages and may be any multiple of a quarter 
wavelenglh CA/4) long. This refers to the electrical length of 
the line, the ac tual length in practice being somewhat 
shorter due to the valve acting as an extension of the line, so 
that the added inductance of the leads and the inter-electrode 
capacitance result in a physical shortening of the line. A 
quarter wavelength linear anode circuit for a push-pull stage 
is shown in Fig. 7.4 (:1). Tuning may be effected either by 
varying tJ1e physical length of the line by adjustment of a 
shorting bar or by a variable capacitor Cl connected across 
the open circuited encl of the line adjacent to the valve. To 
maintain circuit balance a split-stator capacitor should be 
used for tuning with the rotor left floating and not connected 
to ear th. For the same reason the h.t. feed connection at the 
voltage antinode of the line should be left unbypasscd. An 
electrical centre-tap on the circuit is provided by the valve 
inter-electrode capacilances. 

A push-pull anode circuit employing a half wavelength 
line is shown in Fig. 7.4 (b). The valve and tuning capacitance 
are connected at opposite ends and h .t. is applied at the 
electrical centre of the line, i.e. the voltage node. Half 
wavelength lines are sometimes employed in grid ci rcuits at 
the higher frequencies where the valve leads and input 
capacitances are such that the natural frequency of the valve 
grid assembly is lower than the frequency of operation. 
Al l para llel-line circuits should be shielded to minimize loss 
due to r.f. radiation from the lines which becomes greater as 
the frequency of operation increases. 



V.H.F.fU.H.F. TRANSMITTERS 

TABLE 7.2 

Max. Max . Out put 
Cathode Limi tin1 V<1l ue1 freq. O utput freq . at 

M ak e T yp e No. C lau a ... e full at full red uced reduced 
--------------- --- ratings ratings ratines ratinrs 

Type v A pd V A V M (M c/s) (W ) (M c/1) (W) 
--------- ------- -----,_ ---

Mullard ECC9 1 Double-t riode B7G IH 6·3 0·45 2 x 1·5 300 - 80 3'5 - 1·0 at 
U.S.A. 6J6 250 
CV 858 Mc/• --- ------------ --- ---------
Mui lard ECS6 Disc-seal t riode Ocul IH 6·3 0 ·65 10 300 - - - 4000 0 ·5 --- - - - ------------- - - ---- - --
Mull.rd EC57 Disc·scJf t-riode Occal IH 6·3 0 ·65 10 300 - - - 4000 1·8 

- ------------ - -- - --- - - --
M·OValve OET22 Disc-scJI t riode - IH 6·3 0 ·4 10 350 - 1000 2·8 3000 0·5 
Mullard T003.IO 
CV 273 ---S.T.C. 33B/ 152M Double-t riode B9G IH 6 ·3 0 ·92 15 375 - 300 28 - -
CV 1540 

- ------ ------ - --------- ,_ ---
M·O Valve DET24 Disc-seal triode - IH 6·3 l·O 20 400 - 600 23 2000 3·5 
Mullard T004 ·20 
CV 397 

- ----- - --- ------- ----- ---- --S.T.C. 3B/ 240M Triode B8G IH 6·3 l ·I 24 375 - 200 24 - -
CV 2214 - ---- -------------- - --,_ - --
M·OVolve ACT22 Disc-se:sl tdode - IH 6-3 4 ·0 75 600 - 1000 90 - -
CV 257 --- ------ ------- ----- - ---
Mullard Q QV02· 6 Oouble-cccrodc B9A IH 6·3 0 ·8 } 2 x 3 275 200 200 6 500 5 
C V 2466 12·6 0 ·4 

- ---
Mullard QV04-7 Tetrode B9G IH 6·3 0·6 7'5 400 250 20 7·9 150 6·3 
CV 309 

Mullard QQV03·10 Double-tetrode 89A IH 6·3 0·8 } 2 x 5 300 200 100 16 225 12·5 
U.S.A. 6360 12·6 0·4 
CV 2798 

....----
M·O Valvo TTl 5 Ooubfe·tetrodc 89G IH 6·3 1·6 2 x 7 ·5 400 - 200 12 250 -
C V 415, 4046 ------ - --- - ---
Mullard Q Q V0 4·15 Ooublc--tot ro dc B7A· IH 6·3 1·6 } 2 x 1·5 750 250 100 26 250 18 
U.S.A. 832A 12·6 0·9 
CV 788 

--------- ------------- --------
M·OValvo TT20 Double·tctrodc B7A IH 6 ·3 1·3 } 2 x 10 600 250 200 48 600 20 
Mullard QQV03·20A 12·6 0·65 
U.S.A. 6252 
CV 2799 ,_ --------- - -------· - --
Mullard QV06·20 Tetrode Octal IH 6·3 1·25 20 600 250 60 52 175 25 
U.S.A. 6 146 
CV 3523 

....---- - --- --- - - - -
Mullard QQV06·40A Double-tetrode B7A IH 6·3 1·8} 2 x 10 750 250 200 90 475 60 
U.S.A. 5894 12·6 0·9 
CV 2797 

Mull ard QQV07·40 Double-tetrode B7A IH 6 ·3 2'5 } 2 x 20 750 225 100 87 250 60 
U .S.A. 8298 12-6 1·25 
CV 2666 ------------------ - --- - ---
Mui lard Q Y3·65 Tetrode 87A DH 6·0 3·5 65 3000 400 50 280 220 110 
U .S.A. 4·65A 
CV 1905 ---- ----- - -------- - ------ - - -
Mui lard Q Y3· 125 Tetrode BSF DH 5·0 6·5 125 3000 400 120 375 200 225 
U .S.A. 4. 125A 
CV 2 130 

Mu llard QV l·l 50A Tetrode-- B8F IH 6·0 2 ·6 150 1250 300 165 195 500 14-0 
S.T.C. 1Xl50A forced·air 
U.S.A. 1X l50A cooled sp~cial 
CV 2519 

M·OValve 4CX2SOB Tctrodt- 88F IH 6·0 2·6 250 1500 300 175 235 500 225 
ST&C 4CX2SOB forced·iir special (at2kV) 
U.S.A . 1CX2508 cooled 
CV 2187 - ---
ST&C 2Cl9A Triode - IH 6·3 I 100 1000 - 2400 20 - -
U.S.A . 2C39A O i.ic: se:.I -
CV 2516 

- --- ------ --- - ---
M·O Valve O ET29 Triode - _ l_H_l- -6-·3- o·5 10 450 - 3800 1·s 7000 
CV 2397 Disc sc•I 

I 
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Linear tuned anode circuits can be used in single ended 
stages as shown in Fig. 7.4 (c). The capacitor C2 is necessary 
to balance the output capacitance of the valve connected 
across the o ther half of the li11e. 

Provision for adequate ventilation of the valve must be 
made to avoid excessive bulb temperatures being caused 
by enclosing this type of circuit. 

Aerial Coupling to Parallel-line Tank C ircuits 

The usual method of coupling the output of the v.h.f. 
transmitter to n low impedance coaxial feeder is by a one 
or two turn coupling winding located adjacent to the earthy 
end of the p.a. tank inductor. One side of the coupling cir
cuit is invnriably C<lrlhed, e ither directly or through a small 
preset capacitor which is adjusted to cancel out the inductive 
reactancc of the cotmling coil. With a parallel-line tank 
circuit a hairpin loop is employed, as shown in Fig. 7.4 (b) 
and (c). This arrangement is satisfactory with the unbalanced 
circuit of Fig. 7.4 (c) but when used with the push-pull anode 
circuit of Fig. 7.4 (b) ii results in some unbalance being 
reflected back into the tank c ircuit. 

One method o r overcoming th is is to use a linear balance
to-unbalancc and impedance transformer- balun (Fig. 7.5). 
The :11notult of coupling is determined by the distance 
between the balun and the anode lines, and also by the 

HT+ 

RFC 

SHORTING 8AR 

(a) 

RFC 

( b) 

RF OUTPUT HT+ 

ILjr ?. 
RFC 

Cl 

C2 

(c) ':' 
Fis. 7.'4. Linear tuned circuits. (a) Quarter wavelength tuned 
circuit. (b) H ;ilfwavelcnsth line for push-pull US"- (c) Linear tuned 

ci rcuit fo r uso with a sinale ended staee. 
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length of the balun lines which is dependent on the position 
of the shorting bar. 

Fir. 7.S. Aerial couplinr to a l inear (parallel line) tank circuit. 

Coaxial or Cavity Circuits 

Coaxial or cavi ty circuits are usua lly employed at 435 Mc/s 
and above. Al 1296 Mc/s planar-electrode va lves arc incor
porated in grounded grid circuits with quarter wavelength 
cathode and anode cavities, though three-quarter wavelength 
cavities arc sometimes found. Use of a grounded grid 
amplifier obviates the necessity for neutralization but as the 
amplifier and its driver stage are effectively connected in 
series, both stages must be modulated for telephony trans
mission. The audio power is not wasted, however, as the 
modulated r.f. output of the driver stages is added to the 
output of the amplifier. 

Design o( Transmission Line Resonator s 

When designing a resonator to be used as a tank circuit 
it is necessary to know first how long to make the lines. The 
resonant frequency of a capacitatively loaded shorted line, 
open-wire or coaxial, is given by the followingwell-known 
expression : 

I 2r./ 
ir.fC = Z0 ta11 -X-

where F is tire frequency 
C is tire loading capacity 
,\ is tire wavelength 
I is tire line lengtlr 
Zo is tire clraracteristic impedance of the line. 

T he characterist ic impedance is g iven by: 

R, 
Zo = 138 log, 0 R, 

for a coaxial line with inside radius of the ouler R 1 
outside radius of the inner conductor R,. 

2D 
or Zo = 276 /og10 d 

and 

for an open-wire line with conductor diameter d and ocntre
to-centrc spacing D. 

The results obtained from these expressions have been put 
into the form of the simple set of curves shown in Fig. 7.6. 

ln the graphs, Fl has been plotted against FC for different 
values of Z 0, with Fin Mc/s, C in pF and I in centimetres. 

ln the case of coaxial lines (the righthand set of curves) 
r is the ratio of conductor diameters or radii and for open-



wire lines (the lefthand set of curves) r is the ratio of 
centre-to-centre spacing to conductor diameter. 

Tbe following examples should make the use of the graphs 
quite clear: 

Example 1 
How long must a shorted parallel-wire line of conducTor 

diameTer 0·3 i11. and ce11tre-To-cemre spacing 1·5 i11. be made 
to resonate at 435 Alc/s, wiTh 011 end-loading capacitance of 
2 pF (The approximate 011tp11t capacira11ce, in pracTice, of a 
Q Q VOJ-20 (6252) push-pull arrangement)? 

First, work out F x C, in Mc/s and pF. 
FC = 435 x 2 

= 870 
= 8·7 x IQ!. 

The ratio, r, of line spacing to diameter is: 
I ·5 

I' = 0·3 = 5·0 

Then, using I.he curves mnrked " parallel-wire lines," 
r = 5·0 in. project upwards from 8·7 x 10~ on the horizontal 
"F x C" scale to the graph and project across from the 
point on the graph so found to the vertical "F x /" scale, 
obtain ing: 

PAR AL 

F l 

Therefore, I 
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2800 
2800 435 ""' 6·45 cm approximately. 

The anode pins would obviously absorb qtlite a good deal of 
th is line length but, if the lines were made 6 cm long, with an 
adjustable shoning-bar they would be certain to be long 
enough. 

Example 2 
A transmission line co11sisTi11g of a pair of JO s.w.g. copper 

wires spaced 1 in. apart a11d JOcm long is To be used as part of 
the anode tank circ11iT of a QQ V06-40 (5894) p.a. at 145 
Mc/s. How much extra cdpacira11ce 11111sT be added at The 
vafi1e end of the line to accomplish this? 

F or a pair of wires approximately} in. in diameter spaced 
I in. r is about 8. Also Fx I is equal lo 145 x 10, i.e. 1450. 
Estimatir\g the posi tion of the ' ' r = 8 " curve for a parallel
wire line between .. r = 10 " and '' r - 7," F x C is found 
to be about I ·55 x JO\ i.e. I 550. Hence the total capacity C 
required is given by : 

1451< c -
c 

!550 
1550 -:- J45 
10·7 pF. 

Fir. 7.6. Re 1onance curve for capacitively loaded tran1mi11ion lino resonators. 
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Now the output capacitance of a QQV06-40 (5894) push
pull stage is around 4 pF in practice, so about 7 pF is 
required in addition. A 25 pF + 25 pF split stator capacitor 
should therefore be quite satisfactory giving 12 to 15 pF 
extra at maximum capacity. 

Example 3 
A coaxial line with outer and inner radii of 5·0 and l·Ocm, 

respectively, is to be used as the reso11a111 tank circuit (short
circ11ited at 011e end of course) for a 4XJ50A power amplifier 
on the 70cm amateur bane/. What length of line is required? 

ln this case: 
F x C = 435 x 4·6 

= 2001. 
Using the "r = 2·5" curve for coaxial lines, 

F x I ,... 4620 
Hence I .. 4620 -:- 435 

= 10·6cm approximately. 
This length would include the length of the anode and cooler 
of the 4X 150A of course but, as in Example l, a line IOcm 
long would be certain to be long enough, especially as the 
output capacity used in the calculations is tha t quoted by the 
manufacturers for the valve, the effective capaci ty being 
somewhat greater in practical circuits. A shorting bridge 
would be the best method of tuning the line to resonance. 

Designing for Maximum Unloaded Q 

The tank circui t elnciency is given by: 
unlollded Q-lollded Q 

Efficiency (per cent) = unloaded Q · x l 00 

It is obvious that the highest possible unloaded Q is 
needed to get the greatest tank circuit efficiency. The Q is 
greater for radial and coaxial resonators than for compar
able parallel-wire circuits and the former types should 
always be used where possible. It should perhaps be ex
plained that unloaded Q is the Q of the tank circui t with 
the valve in position and all voltages and drive power 
applied, but with no load coupled up to it. The loaded 

I/ I I/ 

' ,, 7- I v lJ 
• IJ ,_ 'J ,\y •v,/ II 
~ I " (;1 --- q_"l"{ 

,Yi; 
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" .... \'/ o/ 
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Q is, of course, that measured when the load is correctly 
coupled to the tank circuit. 

For unshielded parallel-wire lines, the unloaded Q is 
usualJy quite low because of power loss by radiation from 
the line and the best value is obtained by using a small 
conductor spacing (low Zo). 

To obtain the best Q, the material of the line should be 
copper or brass fai rly smoothly finished, although a highly 
polished surface is not necessary. T o improve its conduc
tivity, the surface of a coaxial or radial line can be silver 
plated. In an industrial or city atmosphere, however, the 
si lver platin,g is rapidly attacked by atmospheric gases and 
the surfac.e conductivity sufTers far more than does that of 
a copper or brass line. The best solution is lo apply a" flash" 
of rhodium to the silver plating but this is rarely possible for 
the amateur. The Q of a coaxial line depends also upon the 
ratio of conductor diameters and, for fairly heavily capaci
tatively loaded resonators, which is true in most practical 
cases, this ratio should be between about 3 and 4·5 to 1. 

Care should be taken that the moving contacts on the 
bridge (if one is used) arc irreproachable: they shou ld 
preferably make contact with the line a little way from the 
shorting disc, where the line impedance is somewhat higher 
than at the current antinocle. [ t is better to use a large 
number of springy contact lingers rather than to use a few 
relatively rigid ones. 

Attention to these points wi ll often make all the difference 
between a reliable, satisfactory resonant circuit of high Q 
and one which possesses none of these qualities. 

Disc-Type Capacitors 

Parallel lines or concentric (coaxial) tuned circuits are 
conveniently tuned by means of a variable air capacitor 
comprising two parallel discs, but the calculation of the 
capacitance range of different size discs with differing spacing 
can be tiresome. 

T he chart in Fig. 7.7 gi,·cs the capacitance between two 
parallel discs of various convenient diameters with spacings 

I/ I I 

I 
v 

J 
v I I 
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" I 

I 

to 

7 
v 

I ,_ 

40 

Fia. 7.7. Capacit01nce between two 
parallel di1c1 o( various diameters. 



between ! in. and J/ 128 in. calculated according to the 
formula 

0·244 x area (inches) 
CpF = spacing (inches) 

The diameter of the disc employed may be fixed by space 
considerations but it determines the minimum and maximum 
capacitance and the range available. Very close spacings 
should be avoided unless extremely accurate parallelism can 
be maintained, a nd must be avoided where high voltages 
exist, as in transmitters. 

For example, a cathode concentric tuned circuit tuned 
by a disc capacitor is required for a 2C39A valve to be 
used as a tripler from 432 to 1296 Mc/s. This valve has 
an input capacitance of 6-5 ± l pF. If the cavity bas an 
outer diameter of 2t in. and an inner conductor of i in . 
the ratio is 7 : l and at 430 Mc/s the curves in Fig. 7.6 
show that if C is taken as 7·5 pF plus a minimum disc 
capacitance of, say 0·5 pF, i.e. 8 pF, the inner conduc
tor length is 4·2cm or 1-65 in. If a ! in. disc capacitor 
is chosen then the range of tuning is from 0·2 pF at t in. 
spacing to I ·5 pF a t -:& in. spacing. As the drive voltage is 
of the order of 100 volts closer spacing must not be used. 
It is clear that a i in. disc will not do as the spread between 
top and bottom limit values is 2 pF so that t in. discs will 
have to be used giving a range of 0·4 to 3·0 pF which is 
sufficient for fixed frequency working; if it is necessary 
to cover a frequency band then a greater range is required. 
If at times the drive frequency were 420 Mc/s then this would 
require a maximum capacitance across the tuned circuit of 
the original 8 pF mult iplied by the square of the frequency 

. . (4J0)
3 

05 Th. . d' rallo, 1.c. (
420

)" or l · . 1s means a maximum 1sc 

capacitance of 2·4 pF and the x· in. diameter will still just do 
but t in. would not. 

If it is found that the range of the capacitance required is 
larger than that given by the maximum size disc that can be 
accommodated, then the solution is Lo use two sets of discs 
located, for example, each side of a cavity and use one as 
tuning and one as a kind of band-set. Valve capacitance 
limits must be taken in to account otherwise the replacement 
of a valve can result in the circuit no longer tuning. Where 
the tolerances in input and output capacitance are not known 
they can be taken as ± 30 per cent which would adequately 
cover most cases. 

Neut r a lizat ion 

With triode valves and te1 rodes operating below thei r 
self-resonant frequency the normal methods of neutralization 
apply i.e. the application of an an1 iphase feedback vollage 
from anode to grid of the valve. The residual anode-to-grid 
capaci tance of modern v.h.f. tetrodes is quite low, in some 
instances being less than 0· 1 p F . Provided that adequate 
screening exists between grid and anode circuits, operation 
of certain types of valve in the lower part of the v.h.f. 
spectrum (up to 70 Mc/s) is pennissible without neutraliza
tion being requ ired. At higher frequencies although the 
reactance of this capacitance is still not sull'iciently low to 
cause osci llation, it will result in the stage being regenerative 
and neutra lization will be necessary. 

A conve1tient method of providing Jhe small capacitance 
required for neutralizing push-pull double tetrode stages 

V.H.F.fU.H.F. TRANSMIITERS 

Al A2 

(c) 

Fie. 7.8. N eutraliz.i ng circuits.. (a) Neutralization of pu1h·pull 
double tetrode stage. (b) Similar method for sinrle e nded 1ta1•· (c) 
N eutralixation of a valve operating above the selr noutrali:z.ina 

frequency. (d) Screen neutra li zation of single ended staae. 

consists in using each valve a.node as one plate of the 
capacitor, and a wire connected to the grid of the opposite 
valve as the other plate (Fig. 7.8 (a)). The capacitance (C.) is 
adjusted by bending each wire nearer or further away from 
the rcspeclivc anode. l o single ended ci rcu its the capaci
tance is formed by a wire connected at one end to the 
grid and positioned so that the other end is adjacent to the 
appropriate side of the anode tank circui t (Fig. 7.8 (b)). 
Heavy gauge enamelled copper wire (12 to 16 s.w.g.) should 
be used, and a metal tab may be attached at the end of the 
wire to increase the capacitance should that provided by the 
wire alone be insufficient. 

When the valve is operated above the self-neutralizing 
frequency the neutralizing capacitor must be connected 
directly between anode and grid of the valve (Fig. 7.8 (c)). 
Alterna t ivcly a variable capacitor may be connected between 
screen grid and earth and tuned with the screen lead induc
tance to form a series resonant circuit at the frequency of 
operaiion, thus providing a low screen-to-earth impedance 
and effectively placing the screen grid at earth potential wi th 
respect lo r.f. (f.ig. 7.8 (d)). It must be remembered that this 
method of neutral iwtion is frequency-sensitive, and any 
considerable change in the operating frequency wi ll necessi
tate re-adjustment of the variable capacitor. 

In some double tetrode valves such as the QQV03-20A 
(6252) and QQV06-40 (5894) internal neutra lizing is incor
porated in the valve structure so that external neutralizing 
is unncc<.-ssnry provided the circuit design and layout is good. 

Further information on neutralizing procedures is given 
in Chapter 6.- H.F. Transmitters. 
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MODULATION 

For telephony service a v.h.r. transmitter may be modu
lated by any one of the normal methods, though high level 
modulation of the final amplifier is the system usually 
adopted. For satisfactory modulation it is essential that 
there is adequate grid drive to the modulated amplifier and 
that the stage is correct ly neutralized. 

Experience has shown that it is desirable to maintain a 
high average level of modulation in a v.h.r. transmitter and 
the use of speech clipping or compression is therefore 
recommended (sec Chapter 9-1Wod11/atio11). 

Instability in the modulator may be experienced due to 
r.f. feeding back into early stages of the speech amplifier. To 
eliminate this the microphone in1>ut circuit should be 
completely shielded and the effect of inserting grid stopper 
resistors, or ferrite beads threadetl on to the grid lead close 
to the valve socket connecti.on, particularly in low level 
speech amplifying stages, and the inclusiou of an r.f. filter 
in the grid circuit of the first valve should be investigated. 

SEMICONDUCTORS IN V.H.F. AND U.H.F. 
TRANSMITTERS 

Transistors and Varactor diodes capable of handling 
reasonably high power- a few tens of watts- arc available 
and make attractive designs possible. They compete strongly 
with some of the special valves designed for the v.h.f. and 
u.h.f. range, especially in portable and mobile equipment. 

Different problems, however, arise, such as adequately 
stabilized low voltage, high current power supplies, transient 
voltage and current overload protection, provision of suitable 
heat sinks for cooling, and the use of much lower impedance 
circuits. None of ihese problems is particularly difficult to 

INPUT FROM 
FREQUcNCY 
MULTIPLIER 
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(a) 

IOOOpF 
.----- ------<i - 12V 

resolve but it is important to recognize that the methods 
differ considerably from those used with valves. 

Valves are relatively high impedance devices and capable 
of withstanding considerable-often quite severe-overloads 
for short periods without suffering permanent damage. 
Semiconductors can be damaged much more easily and 
wherever possible fast acting protective arrangements should 
be provided. 

Another problem is that there is much less direct in ter
changeability between different types of semiconductors. 
This is also true of nominally the same types made by 
different manufacturers. 

It is desirable to start with the highest possible oscillator 
frequency in order to minimize the number of multiplier 
stage.~ required lo reach the final frequency. It is good 
practice to use low power stages in the frequency multipl ier 
chain and to use amplifiers to raise the power to the required 
output level. The gain per stage in semiconductor circuits 
is generally lower than in comparable valve arrangements 
and more stages arc usually required for a given power level. 

Modulation of transistors is normally quite straightforward 
but it should be remembered that under a.m. conditions lhe 
device must be drastically de-rated to avoid damage. For 
this reason, it is advantageous to use frequency or phase 
modulation whenever possible, a method wbfoh also reduces 
the problem of the dynamic performance of the power 
supply. 

Amplitude modulation should be applied to the driver 
stage as well as the final po.vcr amplifier in transistor 
transmillcrs. In some cases, in which three or four amplifiers 
are used, it may be beneficial to apply modulation to the last 
three stages. 

T ypical transistor amplifier ci rcuits are shown in Fig. 7.9. 

( b) 

Fir. 7.9. Typical transistor amplifier 
cir,ults. 



Varactors 
Varactor diodes arc available for frequency doubler or 

triplcr service at quite high power levels and efficiency of 
more than 50 per cent. Circuits employing such diodes are 
entirely r.f. powered, thus providing a simple means of 
converting the output of a 144 Mc/s transmitter to 432 Mc/s. 
However, unless a valve or transistor p.a. is used, it is 
necessary to employ frequency or phase modulation. 

While simple tuned circuits may be used with Varactors, 
both input and output frequencies wilJ appear in the outpu t 
circuit. It is essent ial therefore to employ an adequate filter 
to eliminate all but the wanted frequency. 

Practical Varactor Doubler a nd T ripler Circuits 
The most uscl"ul application of Varactor diodes in amateur 

equipment is for frequency multiplication in the range 70 to 
1300 Mc/s to drive transistor or valve power amplifiers which 
can be amplitude modulated. 

BA Y96 Varactor Diode 

In the circuit a rrangements shown in Fig. 7.10, it is neces
sary to match the input source and the output load (50 or 
75 ohms) to the Varactor diode which has a very low imped
ance. The circuits arc usually of low loaded Q, a figure of 
about 10 being a good compromise between circuit losses 
and reduction of unwanted harmonics. In the unloaded 
condition, these circuits should be of high Q. 

The Varactor diode may be used either in series or shunt 
connection. The taller is particularly convenient because 

25 
pF 
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one side of the diode may be connected directly to the chassis 
which provides a convenient heat sink. Bias can be readily 
provided by a suitable resistor connected across the diode. 
The value of the resistor should be low enough to prevent 
instability and 15 K to JOO K ohms will generalJy be found 
suitable. The higher the drive power the lower will be the 
value of the resistor required. 

Varactors may be operated in parallel for higher power 
output, the most suitable being the Mullard BA Y66 and 
DA Y96 and the Arnperex H4A. The BA Y66 is the lowest 
power but is more suitable than the other for operation 
above 1000 Mc/s. 

Typical performance of these Varactors is as follows : 
BA Y66: An input of JO watts at 72 Mc/s will give 7·5 watts 

output at 144 Mc/s. An input of 10 watts at 144 Mc/s 
will give 6·5 watts output at 432 Mc/s. 

BA Y96 and H4A: An input of 25 watts at 144 Mc/s will 
give an output of 17 wa tts at 432 Mc/s. 

FOUR METRE TR.ANSMITTERS 

For the newcomer to the v.h.f. bands 70 Mc/s offers many 
interesting possibilities. It is the lowest v.h.f. band allocated 
to British amateurs and is sufficiently close to that of the high 
frequency 28 Mc/s band to warrant no great change in 
transmitter design and construction techniques; in some 
res peels they a rc simpler because crystal controlled oscillators 
are usually employed on 70 Mc/s, whereas h.f. transmitters 
invariably require a v.f.o. It is thus possible for a high 
efficiency 70 Mc/s transmitter to be built without having to 
use the more expensive valves and components necessary to 
achieve optimum results on the other v.h.f. and u.h.f. bands. 
Provided that short, low impedance connections are made in 
r.f. circuits, and this is probably the most important factor 
in v.h.f. transmiller construction, a successful 70 Mc/s 
transmitter is assured. 

From an operating point of view the band has distinct 
allr.ictions. For local communication the results are similar 
to those obtained on the 2m band and excellent results can 
be obtained with transmitters having a power input of 10 
to 15 watts. For ranges in excess of say, 100 miles, under 
poor or average conditions it appears that the transmission 
path on 4m is belier than that obtained on 2m. Cn addition, 
the 4m band has the distinct advantage that DX working, 
up to distances exceeding J 000 miles, is possible under certain 
conditions by virtue of tropospheric refract ion. 

L4 

(b) 

~ (c) Fig. 7.10. Practic::il c ircuits usinr s hun t connected 6AY66 :and 
BA Y96 varacto~s. 
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TABLE 7.3 

Crysbl frequencies and multiplication factors for 70 Mc/s 
tran1mitters. 

Crystal Frequency Mult.iplic:ation 

5·8416 to 5·8916 Mc/s x 3 x 2 x 2 
7·788 to 7 ·855 Mc/s x 3 x 3 
8 ·7615 to 8·837S Mc/s x 2 x 2 x 2 

II ·683 to I I ·783 Mc/s x 3 x 2 

A range of suitable crystal frequencies and the multiplying 
factors necessary to give a final frequency between 70· I and 
70·7 Mc/s is listed in ·rnhle 7.3. 

A 50 WATT PHONE A ND C.W. TRANSMITTER 

The three stage transmitter shown in Figs. 7.11 to 7.13 
consist of a crysta l oscillator multip lier followed by a second 
frequency multiplier and power amplifier. The final stage, 
which may be run at the 1m1xi111um permissible input of 50 
walls on bo1h phone and c.w., employs a Mullard QV06-20 
(6146) v.h.f. power tetrode which is suitable for operation a t 
frequencies up to 175 Mc/s and makes an economical and 
efficient. power amplifier for a 4111 transmitter. At 70 Mc/s 
an efficiency of approximately 75 per cent may be obtained. 

Provision is made for keying the transmitter in the h.t. 
lead to the screen of the multiplier valve. Protection of the 
p.a. stage during " key up " periods is achieved by a clamp 
valve which reduces the screen voltage and thus limits the 

R2 
IOK 
l/4w 

C2I 0-002 

RI 
100 

K 
114w 

';" HT+ 4 00V 

HT+ 
3 

LI 

JI 

R4 
IOOK 
l/4w 

TPI 

RS C7 
IK 0 ·002 
1i4w 

JOOV z@• • 4 PLI 

0 VIEWED FROM 
e e REAR 

EARTH I S LT 

anode current of this stage. Anode and screen modulation 
of the final amplifier may be effected by an external modu
lator with an audio output power of 25 to 30 watts, which 
can be obtained, for example, from two 25\V audio tetrodes 
operating in class AB I. H.T. and heater supplies of 400 volts 
at 175 mA. and 6·3 volts at 2·65 amps respectively are required 
to operate the transmitter. 

Circui t 
The circuit diagram is shown in Fig. 7.11. An EL91 (6AM5) 

a.f. pcntode (VI) functions as a crystal controlled oscillator
multiplier in a modified Pierce circuit; the crystal frequency 
is in the 7·8 Mc/s range, and the multiplier anode circuit is 
tuned to the third harmonic, i.e. approximately 23·4 Mc/s. 
R.F. output from VI is capacitively coupled to the grid of 
V2, whicJ1 is a QV03-12 (5763) tetrode also operating as a 
Frequency triplcr, the anode circui t L2, C9 being tuned to the 
final radiated frequency between 70· I and 70·7 Mc/s, 
dependent on the actual frequency of the crystal used. Grid 
bias f'or Y2 is obtained by Oow of grid current through R4: a 
low va lue resistor R5 is connected in series with the grid 
resistor, and enables the oscillator-multiplier anode circuit 
to be tuned by monitoring the grid current on a meter 
connected between point TP l and earth. A closed circuit jack 
JI is connected in series with the screen supply to V2 and 
enables this stage to be keyed for c.w. working. 

The anode circuit of V2 is link coupled via L3 and L4 to 
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HT+JOOV 

SKI 
HT+400V 

3 

i 

Rl l 
22K 
SW 

Rl2 
22K 
IW 

Is 
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VI V2 VJ V4 
6•3V 

Fic. 7.J L Circuitdi:.1r~m o f the 70 Mc/s transm itter. C7,8, 1.0. 11. 13, c:eramic fee:dthrouchs: C14, see text: CIS, 16, 17, 2 1, 11, 23, 0··001 1, F ceramic; 
Cl9,0·00I µ F llSOV d.c. wkg.; LI, 9 turn s 20 s.w.g. enam. 1 in. o.d. i m. lone; Ll, U, l turns 16 s.w.r. e nami in.o.d. t in. lonr; L3, L~. I turn 18 
s.w.g. tinned copper f in. o.d. insulated with polythene sleeving; L6. 6 turns: 16 s.w.I'. ena.m. I in. o .d. f in. lone j in. pp at centr'e for L7· L7 
2 turns 18 s.w.e. tinned copper I in. o.d. insulat,e.d with polythene sleevins; M l, 0-150 mA d.c.. meter; RFCI, l·S m H (Eddystone N o. iJ7)~ 

RFC2, SO tu,.n.s 28 s.w.,. enam. f in. diam. It in. lone wound on Eddystone former typ e 685. ' 
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A 50 watt phone and c.w. t ransrnittor for 70 Mc/s . 

the grid circuit LS, Gl2 of the tetrode valve VJ QV06-20 
(6146). This stage functions as a straight amplifier; r .r. 
output from the anode circui t L6, parallel-tuned by a split
stator capacitor C IS, is induclively coupled through a low 
impedance loop L7 to the coaxial output socket CSI; C20 
is connected in series with the output circuit, and in operation 
its capacitance is so adjusted that the reactance cancels out 
the inductive reactance of L7. 

A split-stator tunil\g capacitor CIS is used in the anode 
circuit of VJ so that an r.f. voltage in a ntiphase to that at the 
anode is available to be applied to the grid through CJ4 to 
effect neutralization of the p.a. stage. The grid anode 
capaci tance of VJ is low enough for the stage to be stable. It 
may be operated without neutralization at 70 Mc/s but the 
inclusion of a neutralizing capacitance is recommended so 
that optimum working condit ions may be obtained. The 

A view under the chassis of the 
70 Mc/s transmitter. 

V.H.F./U.H.F. TRANSMlTTERS 

capacitance required in practice is very small and Cl4 is 
formed by a wire connected at one end to the grid of V3, the 
o ther end being adjacent to the stator plates of' C l8 remote 
from the anode of Y3. 

Grid leak bias only is also applied to the p.a. valve and is 
obtained by the grid current through RS and the moni tor 
resistor R9 in series ; a milliammctcr may be connec1cd 
between test point 2 and chassis 10 give an indicat ion of 
resonance of the anode circ11it of V2. An EL90 (6AQ5) a.f. 
pentode (V4) is connected between the screen grid of V3 and 
Clrth; the grid of V4 is decoupled by C l 5 and is connecte .l 10 
the grid retu rn circuit of V3 so tha1 when \13 is being <' riven 
the negative bias voltage developed across R8 and R 9 in series 
is applied to the grid or Y4. T his voltage, which is approxi
mately 90, biases V4 well beyond cut-off and 1he valve then 
has no effect on the operution of the circuit. 

When the drive to V3 is removed, Ille negative bias applied 
to the grids of both V3 and V4 is removed also: the clamp 
valve conducts heavily, resulting in an increased voltage 
drop across RIO and a consequent reduction in the screen 
voltage to a very low value. This reduces the anode current 
of V3 sumciently to prevent the maximum permissible 
dissipation (20 watts) o f the valve being exceeded. With 
400 volts h.t. applied this is represented by an anode current 
of 50 mA; in practice the anode current fa lls to less than 
25 mA when the drive is removed . 

Anode and screen modulation of 1he 400 volls h .l. supply 
to the p.a. is effected by connecting the output of the 
modulator to SK! . The anode current taken by V3 is 
continuously monitored by M l. 

An h.t. supply line of JOO volts is required for the crysta l 
oscillator and frequency muhiplicr stages. This may be 
obtained from a separate power unit capable or delivering 
approximately 50 mA at 300 volts, or al ternatively from the 
main 400 volts line through a 2K ohm 5 watt series resistor. 
The beaters of V1, Y2 and V3 arc decoupled by C21, C22 
and C23 respectively, connected directly between the heater 
tag on each valveholder and chassis. 
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Construction Details 
The transmitter is assembled on a chassis measuring 

10! in. long x 6 in. wide x 2! in. deep fabricated from 18 
s.w.g. aluminium. The layout may clearly be seen in the 
photographs. 

The crystal and the oscillator-multiplier valve VJ are 
located at the left-hand side towards the rear, with the anode 
tuning capaci1or C4 immediately in front of the valve. 
Nylon-loaded p.f. (phenolformaldehyde) valveholders are 
used for this stage and for the frequency multiplier V2. H 
is essential that a screening can is not fitted to V2 because 
Hus would restrict the dissipation of heat from the valve. As 
the multiplier is unscreened, it is necessary to fit a shield on 
top of the chassis between this stage and the power ampli-

V3 VALVEHOLDER EARTH 
CONNECTIONS VIEWED 
FROM UNDERSIDE OF 
CHASSIS 

[ 

(b) 

---~--o- o-- - -
o SKI 

JI t TRANSMITTER 

Fig. 7.12. (a.) P.A. valveholdcr carchine. (b) Phone/c.w. switchi ng. 

fier; the shield which is located at the middle and runs from 
front to rear of the chassis, measures 51 in. long x 3! in. 
high and is made from 20 s.w.g. aluminium. 

The feed through bypass capacitors C7 and CJ 3 enable the 
grid currents of V2 and V3 to be monitored conve11iently 
from the top side of the chassis. All inductors are self
supporting and are soldered directly across the associated 
tuning capacitors. lf desired the multiplier anode inductor 
L2 can be made more rigid by cementing two or three thin 
strips of polystyrene or Perspex along the axis of the 
inductor on the inside. 

The two coupling loops L3 and L4 are supported by a 
small insulator measuring l ! in. x ~· in. made from t in. 
polystyrene, which carries two ~ in. lengths of 18 s.w.g. 
tinned copper wire pushed through two holes spaced f0 in. 
apart near to one end of the block. Each single tum loop is 
insulated with polythene sleeving and soldered to opposite 
ends of the pair of wires; the loops arc pushed between the 
turns of L2 and L4 adjacent to the earlhy encl of each 
inductor. 

7.14 

A ceramic valveholdcr is employed for the final stage and 
is secured to the underside of the chassis by its mounting plate. 
The base of the QV06-20 (6 146) valve carries three cathode 
pins, and each of the relevant tags on the valveholder, 
rogether with the base shield and heater return conoections 
are wired directly 10 the chassis with the shortest possible 
leads; a separate connection is made between each of the 
tags and chassis (Fig. 7.12 (n)). A heavy gauge conductor 
should be used for these connections; in the transmitter 
illustrated 18 s.w.g. tinned copper wire is employed. A 
woodfiour-loaded p.f. valvcholder is used for V4 as no r.f. 
losses can be incurred in the circuit associated with this 
valve. 

The anode tuning capacitor Ct8 for the final amplifier is 
mounted vertically above the chassis with the rotor spindle 
projecting through to the underside. This enables a relatively 
short connection, made of thin copper strip r in. wide, to be 
obtained between the valve anode and the p.a. tank circuit. 
An additional nut is screwed on lo the threaded rotor bush 
before the capacitor is mounted so that the ceramic end 
plate is ra ised 1:!,r in. above the chassis; this is necessary to 
avoid the possibility of a short circuit between the stator 
screws of the capacitor and chassis. 

The nentrali~ing capacitor Cl4 is formed by two J 8 s.w.g. 
wires, one connected to the grid Lag of the p.a. valveholder, 
and projecting through a hole i1\ the chassis immediately in 
front of the valveholder; this hole is lined with a polystyrene 
bush to prevent a short circuit and minimize r .f. loss. The 
other wire is conncc\ed to a 6B.A. soldering tag inserted 
under the stator column of the tuning capacitor in place of 
one of the existing two washers. 

The tuning control for the p.a. tank capacilor is mounted 
on the front of the chassis and a right-angle drive is obtained 
through two I in. brass bevel gears. The shaft is of t in. 
diameter mild steel and measures 3t in. long; the rear bush 
is carried by an 18 s.w.g. aluminium bracket located approxi
mately 2! in. from the front of the chassis. The two bevel 
gears should be tightly meshed to avoid any backlash 
between the conirol knob and rotor of the capacitor. 

The output coupling loop L7 is supported by a block of 
t in. polystyrene mounted on an aluminium bracket. The 
turns of the loop are insulated with polythene sleeving, the 
ends being inserted tlliough holes in the block and cemented 
in position. A short length of 75 ohm coaxial cable is used 
to connect the loop to the r.f. output socket and the capacitor 
C20. An alternative p.a. arrangement is shown in Fig. 7.13. 

Alignment 

During initial alignment h.t . voltage should be applied to 
each stage successively as the preceding one is tuned. V2 and 
V3 may conveniently be made inopera tive by inserting a plug 
in Jl and leaving SKI open circuited. The lining-up 
procedure is then as follows: 

(a) Connect a low range (0-5) milliammcter between T PI 
and chassis. Adjust C4 for maximum meter reading. 

(b) Connect the mill iammcter between TP2 and chassis. 
Apply h.t. to the screen of V2 and adjust C9 for maximum 
meter reading. Adjust the posi tion of L3 nnd lA to obtain 
optimum grid current in V3. 

(c) Connect a dummy load (e.g. a 230 volt 40 watt lamp) to 
CS!, apply h.t. to V3 and tune Cl 8 to resonance, observed 
as a sharp dip in the anode current reading of Ml. Adjust 
the neutralizing capacitance Cl4 by bending the two wires 
towards or away from each other unti l maximum r.f. output 
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corresponds to minimum anode current. Care should be 
taken when moving the wire con11ccted to b.t. Adjust the 
coupling between L6 and L7 and the value of C20 until an 
anode current of 125 mJ\ , corresponding to an input of 
50 watts, is obta ined. 

(A very convenient method o f " hot " nculralization of an 
r.f. amplifier, i.e. neutralization wi th h.t. applied to the stage, 
consists in observing the change in grid current as the anode 
tuning capacitor is detuned each side of resonance. When 
the stage is correctly neutralized the cond ition of minimum 
anode current at resonance corresponds to maximum grid 
current. If the grid current falls as the anode circuit is 
detu ned the stage is perfectly balanced; if the grid current 
rises at either side of the resonant point, the neutralizing 
capacitor should be adjusted unt il the correct condition is 
achieved . It will be found that very accurate neutralization 
of the p.a . stage in this transmitter can be obtained.) 

(d) Check the operation of the clamp valve by removing h.t. 
from VI and V2 or inserting a plug in to JI. The anode 
current of V3 should fall to approximately 25 mA. 

Operation 

When operating on c.w. the transmitter can be run at the 
maximum permitted input of 50 watts to the final stage 
(125 mA at 400 volts). The screen circuit of V2 should be 
keyed through a relay opemted from a low voltage supply to 
prevent h.t. voltage appearing directly 011 the key contac/S. 

For telephony operation the output of a 25 watt modulator 
matched into 3225 ohms is co11nected to SK 1, and the keying 
plug either removed from JI or short circuited by a switch. 
The anode current of V3 should be reduced to a value not 

TABLE 7.4 
Typical c urrent read inc1 for tho -4m tn.nsmitte r 

Grid Screen Anode 
Valve current cu rrent current 

VI - 2·5 mA IS mA 

V2 I mA 6 mA 26mA 

Vl ~ mA llmA 112mA 

V.H.F./U.H.F. TRANSMITTERS 

greater than 112 mA at 400 volts (45 watts) by adjusting the 
position of L7. If this is not done, the rating of the valve at 
this frequency will be exceeded. 

A simple switching system for changing over from c.w. 
to telephony operation is shown in Fig. 7.12 (b). The con· 
tacts of the switch St are shown in the telephony posi tion. 
The .use of the relay RLA avoids operation with h.t. being 
apphed to the key contactS. This method can also be used 
with other transmitters. 

TRANSISTOR LOW POWER TRANSMITTER FOR 70 Mc/• 

The transmitter shown in Fig. 7.14 was designed around 
the Texas Instruments Type 2G 110 as a power amplifier. 
This is a germanium p-11-p diffused-alloy mesa transistor 
having aft of 350 Mc/s. It is ra ted at a maximum collector 
dissipation of 250 mW at 25° C. ambient temperature and 
as an r.f. amplifier delivers an output o f 100 mW at 100 Mc/s 
with an efficiency of 35 per cent. In t11e present application 
the transistor is operated a t an input of 250 mW (18 mA 
approximately at 15 volts). 

The crystal oscillator and frequency multiplying stages of 
the transmitter employ v.h.f. receiving-type transistors. For 
the oscillator and first multiplier either Texas 20401 or 
Mltllard OC170 tTansistors are suitable. The second 
multiplier uses a Texas 2G402 or Mullard OCl 71. 

Another type of transistor su itable for the power amplifier 
stage of a v.h.f. transmitter is the Texas 2S13 I. This is a 
silicon 11-p-11 epitaxial transistor having a colleclor dissipa
tion of 300 mW at an ambient temperature of 25° C. This 
transistor wi ll deliver an r.f. output power of 150 mW at 
100 Mc/s, with a posi tive collector supply of 18 volts. The 
Texas 2N715 and 2N716 are rated for operation up to 200 
Mc/s, a nd will give an output at 70 Mc/s of 400 and 600 mW 
respectively. 

Circuit Description 

T he circuit diagram is shown in Fig. 7.14. TRI 
fu nctions as a crystal oscillator; feedback at the resonant 
frequency of the crystal is applied between collector and base 
of the transistor. The collector tuned circuit LI, Cl, C2 
resonates a t the fundamental crystal frequency, which is 
between 7·788 and 7·855 Mc/s to produce final frequencies 
from 70· J to 70·7 Mc/s. 

Positive emitter bias to ensure the oscillator star ting is 
pro:'ided by connecting the base to a negative potential 
denved from Rl and R2 across the cl.c. supply. R3 in con
jnnction with RI and R2, provides d.c. stabilizatio'n of the 
transistor collector current. 

The r.f. output from TRl is applied to the base of the 
grounded emitter frequency tripler TR2 via L2. LI, L2, 
form a step-down transformer to ma tch the impedance of 
TRI collector circuit to the lower impedance of TR2 base 
~ircuit. The third harmonic of the crystal frequency appear
mg across L3, CS is similarly applied to the second frequency 
tnpler TRJ. Emitter resistors R4 and R 5 provide d .c. 
stabilizat ion for the frequency multiplying stages; the value 
of these resistors is selected during initial alignments to give 
maximum r.f. output within the limits of the collector 
dissipation of the transistors. 

The output from TR3 at 70 Mc/s is coupled to the 
grounded-base amplifier TR4 via LS, CS a nd L6, Cl I. 
Although the input impedance of TR4 is 75 ohms only, it 
has been found that greater drive to the emitter results when 
L6 is tuned. TR4 operates in class B, with a slight forward 
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emitter bias of the order of O· I volt, obtained from the 
junction of R6 and R7, R6 being adjusted to give maximum 
r.f. output from the stage. The collector circuit of tbe 
amplifier is coupled to a 75 ohm unbalanced load through 
the pi-network Cl 3, L7, Cl4. 

F or c.w. working the collector supply to TR3 is keyed. 
TR2 is thus operating continuously which mainta ins a 
constant load 011 the osci llator. In this service the secondary 
.:if the modulation transformer is short-circuited by a contact 
Sia ofa d.p.c.o. switch. For phone operation Sia is changed 
over, which removes the short-circuit from the modulation 
transformer secondary in the collector feed to TR4, and short
circuits the key; the second contact Slb of the switch is now 
closed to complete the power supply circuit of the modulator. 

When opernting from a 15 volt negative power supply the 
oscilla tor draws a collector current of approximately 4 mA. 
Each of the frequency multipl iers d raws 8 to JO mA, which 
provides sufficient r.f. to drive the p.a. to 25 mA collector 
current. 

Constructional Details 
Normal techniques arc adopted for the construction of 

the transmiltcr, which is assembled on a chassis measuring 
5 in. square and I~ in. high. All components with the 
exception of the crystal and output transistor are mounted 
on the underside of the chassis. T R4 is mounted on a small 
strip of polyst rcnc with the three leads project ing through 
a hole to the underside of the chassis. The emitter and 
collector circuits of this stage arc shielded by a screen, but 
this is not essc111ia I provided that L5, L6 and L7 are mounted 
at right-angles anJ are not closely spaced to each other. 

Alignment 
Alignment is bes t carried out by connecting the transistors 

in circuit one at a time, commencing with TRI, and tuning 
the appropriate collector circuit for maximum output as 

indicated on an r.f. voltmeter across the emitter winding of 
the succeeding stage. The circuit of a suitable meter is 
shown in Fig. 7.15. When the transistor is substituted for the 
meter it may be necessary to re-peak tbe preceding tuned 
circuit. ll is essential that the frequency of each tune:! 
ci rcui t is checked by an absorption waverneter du ring align
ment as many frequencies are generated by the transistors, 
possibly due to leakage through the base-to-collector 
capacitance, together with the d iode formed by the emitter
to-basc junction acting as a mixer. It should be remembered 
tha t until drive from the oscillator is applied, TR2, TR3 and 
TR4 arc in the cut-ofT condition. 

OA6J 

RF 
INPUT 

Fie. 7.15. R.F. voltmet e r used for aligninc transmitte r in Fig. 7.14. 

The second frequency multiplier is tuned by adjusting 
CS and C l I to drive TR 4 to maximum collector current 
with R6 set to maximum resistance. To tune tile collector 
circuit of the amplifier stage, a 75 ohm resistor is connected 
across the coaxial socket CSI, and with Cl4 at maximun1 
capaciiance. Cl 3 is tuned to resonance. The capacitance of 
C l4 is then reduced in s teps and Cl3 re-adjusted each time 
until maximum r.f. output is obtained. After the stage has 
been tuned R6 is adjusted to give maximum output. 

A convenient method of measuring the r.f. output is by a 
transistorized field-strength meter similar to that described 
in Chapter 9 (Measurements). R.F. pick-up may be by a 
short length of wire located adjacent to the output socket of 
the transmitter. When adjusting each stage it is essential 
that the co/fee/or current of the transistor is monitored 10 

ensure that the rated input is 1101 exceeded. 

+ rlSV 
KEY ..,. 

R6 

.,.,. 
Fig. 7. 14. Circuit of a transistor transmitter fo r 70 Mc/s. 

LI, 42 turns 18 s.w.r. enam. i In. d l3 . ; L2, 8 turns 28 s.w.g. enam. overwound at low .. potent ial en d of LI; Ll, 18 t u,.ns 18 s .w.g. enam. f in. dia.; 
L4, S turn1 28 1.w .e:. c nam. ovcrwo und at low-potential e nd of L3; LS, l l ·t turns 21 s.w.g. c n:.t m. O·l in . dia. ; L6, S t u rns 26 s.w.g. s ilk-covered 
interwound at low-p otential end of LS: L7, 8 t urns 16 s.w.c. s i lver-plated .fr in. dia., i in. lon g (O·J ., HJ: RFC, 42 in. 18 s.w.g. e nam. wound on i in. 

di a. former ; TRI , Texas 2G401 , Mu llard OCl70; TR2, TRJ, T e xas 2G401. Mull;ard OCl71 ; TR~. T e xas lG t 10. 
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TWO METRE TRANSMITTERS 

A range of crystal frequencies suitable for use in 2m 
transmitters, and the required multiplication facto rs are 
given in Table 7 .S. 

TABLE 7.5 
Crysta.I frequencies and multip lication factor.s to g ive 

frequencies be tween 144 and 146 Mc/s. 

Crystal frequency (Mc/s) Multip lication facto r 

6·0 <o6·083 { >' 3 x 2 x 2 x 2 
X 1 >t J x 2 

7·2 to 7-J ><5 x 2 x 2 
8·0to 8· 11 I \( 3 )( 3 x 2 
9·0 to9·U2 { x 2 x 2 > 2 • l 

x .. ... 2 ... 2 
12·0 to 12- 166 )t 3 • 2 " 2 
11·0 to 24·33 x 3 x 2 

A SIMPLE PHONE AN O C.W. TRANSM ITTER 

The three valve, four stage transmitter to be described 
employs a QV06-20 (6146) tetrode valve as a single-ended 
amplifier, which can be run at an inpul of up to 35 walls 
in telephony, and up lo 45 watts in c.w. service. Jn these 
conditions the power requirements arc an h.t. supply of 
320 volts at 200 mA, and a heater supply of 6.3 volts at 
2·3 amps. Approximately 20 watts of audio power arc 
required for full anode and screen modulation, the impe
dance presented by the p.a. stage to the modulator being 
2700 ohms. 

Circui t Descript ion 

lo the circuit diagram shown in Fig. 7.16, Via, one half of 
an ECC8 l ( l 2A T7) double triode valve functions as a crystal 
osciJJator and uses an 8 Mc/s type FT243 crystal in a Squier 
overtone circuii. The slug tuned inductor LI is resonated a t 
the third overtone of the crystal frequency. Capaci1ive 
coupling is employed between the anode of VI a and the grid 
of the second section of the double triode, Vlb, which 
operates as a frequency tripler. The anode circuit L2, C6 is 
tuned to :ipproximately 72·5 Mc/s, the exact frequency being 
dcpendenl on the frequency of the crysta l being used. 

A simpl e phone and c~w. transmitte r for 144 Mc/1 employing a 
QV06- l0/6146 valve in the p.a. 

V.H.F./ U.H.F. TRANSMITTERS 

A rear view of the simple 144 Mc/s transm itter. 

The output of Vlb is capacitively coupled to the input 
of V2, a Q V03- l2 (5763) tclrode operating as a frequency 
doubler. The anode circuit of th is valve, which comprises 
L3 and Cl1, is tuned to approximately 145 Mc/s, and is 
inductively coupled to the series-tuned grid circuit of the 
QV06-20 (6146) tetrode power amplifier V3. Grid resistors 
R1 l and Rt 2 of V3 are connected between the centre-tap 
of L4 and earth. 

The anode circuit of V3 is also series-tuned and is formed 
by LS and Cl 6. H.T. is fed 10 the anode via the merer Ml, 
choke RFC2 aod the centre-tap of L5. R.F. output is fed to 
the coaxial socket CS I by the single turn link L6, which is 
coupled to the centre of L5, and the tuning capacitor Cl 8. 

Screen neutra lizing or the amplifier stage is effected by the 
pre-set capacitor C l4 coru1ectcd between the screen of V3 
and earth. C14 is acljus1ed so that its capacitance, in con
junctio11 with the scree11 lead inductance and stray capaci
tance, form a series-tuned resonant circuit from screen lo 
earth. This places the screen of the valve at earth potential 
with respect to r.f. and effcclively elimina tes any feedback 
between anode and grid circuits through the valve. 

Modulation is applied 10 the anode and screen of the p.a. 
via SKJ. Use of a tlucc pole socket for this purpose allows 
a screened connecting cable to be earthed to the chassis of the 
transmitter if desired. 

Power supplies are connected to the transmitter through 
the five pole plug PLI , only three pins of which are normally 
used. The resistor RIO reduces the voltage on the h.t. line 
feeding VI and V2 from 320 to 300 volts. 

Resonance of the oscillator and multiplier anode circuits 
and the grid circuit of the amplifier stage is indicated by 
maximum grid current in the following stage; the grid 
<.:urrent is read by co1mccting a milliammeter between the 
relevant test point (TP I, TP2 or TP3) and chassis. Resonance 
of the p.a. anode circui t is indicated by minimum anode 
current shown on the meter MI . 

Construction Details 

The transmitter is built on an 18 s.w.g. aluminiwn chassis 
measuring JO in. long x 5 in. wide x 2! in. deep with at in. 
lip turned down at each end to increase its rigidity. The 
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Fis. 7.16. C ircuit diagra m orthe 144 Mc/1 t ransmitter. Cl , l, 3, S, 7, 9, 10, ceramic; C4, 8, 13, 15, 0·001 µ F cermm ic feedthrou1h•: Cl 7, 500 pF I OOOV 
d.c. w kr .• mica; LI , 24 turns s.w.g. d.s.c ... tapped 5 turns from arid end, wo und on fin. diam. former, 1lug•tuncd; Ll, 4 tu rn• 16 1.w.a. enam. l in. 
o.d., i In. Iona, self .. upportina: ; LJ, l tur ns 16 1.w.1. eoam. I lo. o.d., f In. long, 1elr·1upportin1; L4, Jt turn• 16 a.w.1. e nam. j in. o.d. i in. lone, 
1e1f·1upportin1; LS, 4* turns 16 s.w.1. enam. i in. o.d .• i in. lone, 1elf·tupportin11 with i in. lead to the anode cap of VJ; L6, I turn 20 s.w.e. 
enam. i in, o.d.; M l, 0-150 mA d.c. meter; RFCI , SO turn1 34 a.w.11. enam. clore w ound on ! in. dia m. former ; RFC2, 28 tur n• 26 1.w.g. d.s.c. 

tin. diam. I! in. Ions wound on Eddy1tone former type 863. 

position of components can be located from the photographs 
and the drilling plan (Fig. 7.17). 

Shielding between the p.a . valve anode circuit and the 
doubler valve V2 is effected by a vertical screen across 
the chassis nt a distance of 4! in. from the right band encl. The 
screen is of 20 s.w.g. aluminium and measures S in. wide x 
3i in. high with the addition of at in. wide lip by which it is 
secured to the chassis by tbrcc 4B.A. screws and nuts. The 
p.a. anode tuning capacitor Cl6 is mounted on an 18 s.w.g. 
aluminium bracket at a height of H in. above the chassis. 

All bypass capacitors, witb the exception of Cl 7 arc of the 
hi-K ceramic type; CJ 7 is a 1000 volt working, silvered mica 
type. These capacitors are connected into the circuit with 
the shortest possible leads. The grid circu.lt capacitors are of 
the feedtbrough type; one lead of each capacitor projects 
through the chassis to form the test points TPJ , TP2 and 
TP3. 

The aerial coupling loop L6 consists of a sillgle turn of 18 
s.w.g. enamelled copper wire, insulated with polythene 
sleeving and inserted at the centre of LS. This loop is 
supported by two 1 in. polystyrene stand-off insulators and 
is connected to the coaxial output socket via a short length 
of 7S ohm twin feeder, which is lead through a grommeted 
hole in the chassis. The output couplfog capacitor is con
nected between one leg of the twin feeder and chassis. 

Nylon-loaded valveholders arc employed for VI and V2. 
The holder for V3 is a ceramic type, and is mounted on the 
underside of the chassis; the tags on the valveholder that 
connect to the three cathode pins and brass sleeve of V3 and 
the heater return (pins I, 4, 6, 7 and 8) are bent over and 
earthed by individual connections to soldering tags located 
under the two fixing nuts of the valveholder. These con
nections should be as short as possible and made with a 
heavy gauge conductor, not less than 18 s.w.g. tinned 
copper wire. 

7.18 

Sett ing up 
Before power is applied to the transmitter it is recom

mended that tl1e resonant frequencies of the tuned circuits 
arc checked with a grid dip oscillator. Ll should be tuned 
to approximately 24 Mc/s; L2, C6 should be tuned to 72·S 
Me/s; L3, CU, L4, Cl2 and LS, Cl6 should be tuned 
to 14S Mc/s. As no protective grid bias is applied to any 
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stage of the transmitter, it is recommended that i1litial adjust
ments arc carried out with a low h.t. voltage, not greater than 
200 volts, applied to VI and V2. For the same reason h .t. 
should not be connected to the anode and screen of V3 until 
the oscillator and multiplier stages have been adjusted and 
bias is being developed across the p.a. grid resistor. The most 
convenient method of removing h.t. from the p.a. stage is to 
leave the modulator socket SKl open-circuited. 

The procedure to be adopted in tuning the transmitter is 
as follows: 

(a) Connect a 0-5 mA meter between TPI and chassis 
(positive to cbassis). Adjust the dust-iron core of LI to 
obtain maximum current reading, then de-tune the circuit 
slightly to the high-frequency side of this position; this will 
result in a small drop in grid current. 

(b) Connect tbe meter to TP2 and chassis and tune C6 for 
maximum grid current in V2. (A better indication is obtained 
if a 0-1 milliammeter is used in this posi tion.) 

(c) Connect the meter between TP3 and chassis; lune 
CJ 1 and C12 in that order for maximum grid current in V3. 
Re-adjust Cl I. 

(d) Check the neutralization of V3 by tuning Cl6 through 
resonance. Adjust Cl4 until the minimum change in grid 
current results as the p.a. anode ci.rcuit is swung through 
resonance. 

(e) Short-circuit the modulator socket. Connect a dummy 
load (such as that described on page 7.50) to tho aerial socket. 
With tho low voltage still applied to the transmitter, tune Cl 6 
to resonance. 

(f) Apply 320 volts to the transmitter and load the p.a. 
by increasing the coupling between L5 and L6 and adjusting 
C18 until an anode current at resonance of 110 mA is 
obtained. Check that the neutralizing is correct, i.e., that 
ma.~imum r.f. output corresponds to minimum anode 
current; re.adjust Cl4 if necessary. 

The loosest coupling between L5 and L6 consistent with 
obtaining the required power input should be the aim. It 
may be necessary to adjust the inductance of L3, IA and LS 
to enable these circuits to be peaked at the actual frequency 
bei11g used. The coupling between L3 and IA should be 
adjusted to give maximum grid current ir1 V3 and it will be 

V.H.F.fU.H.F. TRANSMITIERS 

Under-chassis view of the 
transmitter of Fir. 7.t6, 

found that these circuits must be tightly coupled to obtain 
sufficient drive to tbe amplifier. 

Typical values of anode and grid current readings are given 
in Table 7.6. 

T ABLE 7.6 
Typical current readings for the 35 watt tr~nsmi tter of Fig. 7.16. 

Screen G•id 
Valve Anode current current current-

VI• B·SmA - -
Vlb llmA - 1·2mA 
Vl 32mA 4mA 0·6 mA 
VJ 110 mA (lo•d•d) 

(telephony) 
1-40 mA (loaded) 

8 mA 2·25mA (e.w.) 

For c.w. operation of the transmitter it is recommended 
that the screen of the doubler valve V2 is keyed, and a clamp 
valve incorporated io the p.a. circuit to reduce the screen 
voltage of V3 io the spacing condj tion. The clamp circuit 
may be identical to that employed in the 4m transmitter 
shown in Fig. 7.11. 

Unless the h.t. supply to the transmitter has good regula
tion, anode voltage for the oscillator and first multiplier 
should be derived from a separate source in order to avoid 
excessive variation in the anode voltage applied to these 
stages when the transmitter is keyed. 

A IS WATT PHON E TRAN SMITTER 

This three valve transmitter employs a double tetrode 
valve in the output stage which can be operated at a 
maximum input of 15 watts; in this condition it delivers 
approximately 6 watts r.f. into an aerial. The power supply 
requirements are an h.t. voltage of 200 to 250 volts at 120 mA 
and a heater supply of 6·3 volts at 1·33 amps. 

Tho circuit of the transmitter is shown in Fig. 7.18. Vl is an 
ECL80 (6AB8) triode-peotode valve, the triode section of 
which functions as an overtone crystal oscillator, employing 
an 8 Mc/s fundamental frequency type Fr243 crystal. The 
dust cored inductor LI is tuned to the third overtone of the 
crystal frequency, approximately 24 Me/s. Capacitive 
coupling is employed between tbc anode of Vla and the 
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A IS watt 144 Mc/s transmitter for phone operation. 

grid of the pent ode section VI b, which operates as a frequency 
doubler. The anode circuit L2, CJ is tuned to 48 Mc/s. 

V2 is an EL91 (6AMS) pcntoclc operating as a frequency 
triplcr. The anode circuit of this stage consists of L3, 
parallel-tu ned to approximately 145 Mc/s by C9, which is 
connected between the anode o f the valve and earth. Link
coupling is used to couple the tripler anode circuit to the grid 
circuit of the QQV03-IO (6360) push-pull power amplifier. V3 
both link windings L4 and LS are coupled to L3 and L6, 
respectively a t points of low r.f. poten1ial, that is, at the Ju. 
end of L3 and the cerlire of L6. The grid inducwr L6 is self
resonant a1 145 Mc,'s with the input capacitance of V3 and 
stray ci rcuit capacitances. 

The p.a. tank circuit consists or L7 parallel-tu11ecl by the 
split-s tator capacitor Cl4. R.F. is fed to the coaxial output 
socket CSl via a low impedance winding LS coupled to the 

centre of L7. Modulated h.t. is applied to the screen and 
anode of V3 through R9 and RlO respectively. 

Grid bias for all stages is derived from the now of grid 
current through the respective grid resistor when excitation 
is applieJ, i.e. when VJ is oscillating. Test points T P I, 
TP2 and TP3 permit the grid current of Vl b, V2 and V3 to be 
monitored when the transmitter is being initia lly tuned. 

The transmitter is built on an 18 s.w.g. aluminium chassis 
measuring 7-! in. long x 4! in. wide x 2! in. deep. All 
components, wiih the exception of the three valves and the 
crystal are mounted below the chassis. The dust-iron 

Fig. 7.19. LocMion of tho 
1creen across the V3lv~ 

hold"r ror Vl. 

core of LI and 1hc two tuning capacitors C3 and C9 are 
accessible for adjustment from the underside or the chassis. 
C9 is spaced 1 in. from the chassis, being mounted on a 
2BA threaded stud to which the rotor connection of the 
capacitor is soldered. 

The link inductors lA and LS are connected directly to the 
tags of a small ceramic standoff insulator. LA is interwound 
with tbe low-potential (h.t.) end of L3; IA should be insu
lated with thin sleeving lo prevent a short-circuit between the 
windings should this be considered necessary. 

The grid resistors R3, R5 and R 8 are returned to chassis 
via single-point tag strips, which form the three test points. 
T he bypass capacitors CS, C8 and Cl 2 arc connected 
between the relevant tag strip and earth ; each capacitor is 
bridged by a low value resistor, one end of which is discon
nected when it is desired to monitor the grid current during 
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Under-chassis view showing the layout of tho components . 
N ote the screen across the p.:a. va.lveholder. 

ini tia l lune-up. A switch can then be arranged to switch a 
low read ing milliammeter across each test point. 

Underneath the chassis the p.a. grid and anode circuits are 
isolated by a screen mounted across the chassis. The screen 
is 2 in. deep, to provide clearance between the upper edge 
and the p.a. valveholder contacts. Fig. 7.19 shows how the 
screen is located across the diameter of the valveholder 
which is positioned so that pins 4 and 9 a re in line with it. 

ln the transmitter illustrated the p.a. anode tuning 
capacitor Cl4 is mounted by two 6BA screws which 
engage in threaded holes in one of the bars forming the 
capacitor frame. Each screw canies a t in. diameter spacer 
located between the frame of the capacitor and the chassis. 
Alternatively Cl4 may be mmmted on a small aluminium 
bracket for which three hole fixing is provided on the 
capacitor. A small epicyclic slow-motion drive is fitted to 
Cl4. 

Screening cans are fitted to VJ and V2 ; the can fitted to 
V2 is essential as the capacitance between the earthed can 
and the anode of V2 forms part of the anode circuit tuning 
capacitance. Owing to tbe amount of heat generated by V3 
no screening should be used. 

Alignment 

Initial adjustments should be carried out with a low h .t. 
voltage, not exceeding 200 volts, applied to VI and V2 only. 
H.T. is most conveniently removed from the anode and screen 
of V3 by leaving SK 1 /3 disconnected. 

The procedure to be adopted in tuning the transmitter is 
as fo llows: 

(a) Disconnect the jumper from TP I and connect a low
range milliammeter across the test poin t. Adjust the dust
iron core of LI for maximum grid current in VI b, then detune 
slightly to the h.f. side of resonance. Remove the meccr and 
reconnect the jumper. 

(b) Tune che anode circuits of VI b and V2 by adjusting 
C3 and C9 for maximum grid current in the meter when 
connected to TP2 and TP3 respectively. Adjust the coupling 
of the link windings LA and LS, and the inductance of L6 so 
that maximum grid current in V3 is obtained. 

(c) Connect a dummy load across CS l, apply h.t. to the 
anode and screen of V3 by connecting a 0- 100 milliammeter 
between SKl/ 3 and SKl/4. Tune C l4 to resonance as 
indicated by the dip in anode current. (A suitable dummy 

V.H.F.fU.H.F. TRANSMITTERS 

load consists of two 12 volt 0·3 amp. M ES bulbs connected 
in parallel. These lamps should light to full brilliance when 
an h.t. voltage of 250 is applied to the transmitter.) 

Typical current readings are shown in Table 7.7. 
The transmitter is modulated by connecting the secondary 

winding of the modulation transformer between SK l/ J anJ 
SKl/4. Wi th the aeria l connected the coupling between L7 
and L8 should be adjuslecl to give the requi red anode curreru 
to the p.a. stage, up co the maximum permissible limic of 
approximately 60 mA. In this condition, with 250 volts h.t. 
applied to V3, che impedance presented by the p.a. to che 
modulator is 4200 ohms; approximately 7 waus of audio 
are required for I 00 per cent modulatio:i. 

TABLE 7.7 
Typical currcrit rea.dings for the IS watt lm tran smitter or Fig. 7.18 

Screon Grid 
Valve Anode curr~nt cu rrent c urrent 

Via S mA - -Vlb 26 mA SmA !HmA 
V2 llmA lmA l·lSmA 
VJ 60mA 
(loaded) 

lmA 2mA 

-- - - - - -

A COMPACT TRA N SMITTER FOR 144 Mc/1 

The circuit of a compact transmitter for 144 Mc/s based on 
the popular QQV03- 20A (6252) double tetrode power 
amplifier is shown in Fig. 7.21. The complete uni t is built 
on a standard Eddystone die-cast box type 903 measuring 
7! in. x 4~ in. x 3 in. A dri lling plan is given in Fig. 
7.20. 

As may be seen from Fig. 7.21 the ci rcuit is a five stage 
arrangement in which the crystal oscillator VI (EF9 l, 6AM6) 
employs six switched 6 Mc/s crystals. The oscil lator is a 
standard Colpitts with the anode circuit tuned to twice the 
crystal frequency (12 Mc/s). The second s tage, V2, another 
EF91/6AM6, operates as a frequency doubler with its anode 
circuit (L2) tuned to 24 Mc/s. It would be possible to replace 
these two stages by a single valve using 8 Mc/s crystals and an 
anode circuit tuned to 24 Mc/s, but the arrangement shown 
is an almost fool-proof method of ensuring there is sufficient 
drive to subsequent stages. 

The third stage, V3 (QV03- 12, 5763) is a frequency tripler 
with its anode circuit cuncd to 72 Mc/s. V4, also a QV03- 12, 
is a doubler to ihe final frequency of 144 Mc/s. T he anode 
circuit of this stage, unJ ike those for V2 and V3, is series tuned 
to give greater output than is possible with the conventional 
parallel-tuned arrangement. ln this configuration, C2 should 
be as nearly equal to the output capacitance of V4 as possible. 
lA must be adjusted to achieve this condition. 

The output from the anode circuit of V4 is link coupled to 
the input circuit of VS, the QQV03-20A (6252) p.a. stage. 
This double tetrode is internally neutralized and provided 
there is adequate isolation between the input and output 
circuits no ex1.ernal neu tra lization should be required. 

The anode circuit of the p.a. stage, C3, L6, is a s imple coil 
parallel tuned by a split siator capacitor. H.T. is fed to the 
anodes of the valve through RFC2 connected to the centre 
tap of L6. T his r.r. choke comprises a >.f3 winding of26 s.w.g. 
enamelled wire on a tin. diameter former. Coupling to the 
output circuit is by L7, a single turn coil series tuned by C4. 
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Test po ints are provided in each of the anode supply leads 
and in the grid circuit of all stages except the crys1a l oscil
lator. 

TABLE 7.8 
Opcratinc conditions for tho QQVOJ.lOA (6152) as a class C anode 

a nd screen m od ulated ampl ifi er up to 200 M c/ 1 

Anode Volt.age 300 500 600 
ScrGon Voltacc 250 250 250 
Grid Bi:u -SOY -80V - BOV 
Anode current (total) BOmA BOmA 80mA 
Screen Cu rrent (total) 8 mA BmA BmA 
Grid Curren < (<ocal) 2 mA l mA lmA 
Screen Dropping 

Re.iscor (Rs) ~·lSKohms 32 Kohms 42 K ohms 
Grid Bi:u Re.siste r (Re) 25 Kohms ~Kohms 40 K ohms 
Power Inpu t (anode) 14 w :itts ..Owatts 48w•m 
Driver Power Output I ·5 w•tts J W3tt$ 3 w:uts 
Power O utput in load 14wam 24wam 32 watts 
Audio Power for 100 per 

con t Mo dtJ lation 13 watts 21 watts 25 watts 

Constructional Details 

The complete unit is constructed on an Eddystone die-cast 
box wi1h the power amplifier and its output circuit fitted into 

an additional screening box mounted on top of the chassis. 
The layout of the p.a. tank circuit is shown in Fig. 7.23. 

The layout is straight-forward and Fig. 7.22, in conjunction 
with F ig. 7.20, shows the location of all the major compo
nents. Starting at the six-way crystal socket, the various 
stages are arranged along the front and side of the die-cast 
box. 

A tag strip runs alongside V2, V3 and V4 and provides for 
the location of small components and test points. Unused 
tags in the bases of the coil formers are used as solder points 
to avoid joining two components together without a tiepoint. 

The output from the final frequency multiplier is taken 
from a single turn coil via a short p iece of 75 ohm twin 
feeder to another single turn coil, coupled to the grid circuit 
of the p.a. valve. This arrangement is shown clearly in 
Fig. 7.22. Stand-off insulators are used to provide suitable 
fixing points for the link coupling circuit which runs about 
1 ia. below the chassis. 

The p.a. anode and aerial coupling circuit are housed in 
a 41- in. x 3! in. x 3! in. box which is mounted above the 
chassis. 
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Fie .. 7 .11. Ci rcui t diagra m of t he compa ct t r-.nsm it ter for 144 Mc/a. Cl, CS. l--30pF P hi li ps trimmer• ; Cl, J O pF air 1pa ced t rim mer: CJ, 
11 pf + 12 p f sl it stat o r c:&pacitor (Ed dyston e rype: 587) : C4. IS pf air tpace:d trimme r : L I, + in. Iona w inding, of 36 1.w.c. enam. w ir o on 
i in. diam. former; Ll, IS t ur ns 30 s.w.g. c nam. t in. d iam. former, t-urn1 spaced I wire d iam. ; Ll, 7 turn• 16 1.w.1. i in. d iam. i in. Iona : L·4, S 
turns 16 1.w.r. enam. i in. d iam. dose wound ; LS, S turns 161.w.a. enam. j in. d ia m . spaced I wire d ii. m . ; L6, 3 turns 141.w.r. enam. i in. d iam. 

~in. lonr; L7, I turn 18 s.w.g. insulated wire. Values of Rg and Rs may be obtained from Table 7.8. 
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6 CRYSTAL SOCKETS 

The test points may be fitted to the chassis at the most 
convenient place and tests made with a flying lead. Alter
natively meters and switches may be incorporated on a front 
panel of suitable size. 

The valveholder for the power amplifier VS is submounted 
so that tbe valve's internal screen is approximately in line 
with the top of the chassis. A hole 2 in. in diameter is made 
in the chassis to allow the p.a. valve to be plugged into the 
socket and to leave clearance around it for ventilation. 

H.T. for the p.a. is fed through an insulator and together 
with the other power supply leads is taken from a multiple 
connector socket. 

Alignment 
The alignment is straightforward and there is no neutraliza

tion to adjust. As with most v.h.f. transmitters, the precise 
adjustment of the p.a. tuning and coupling circuits is best 
carried out with the aid of a suitable r.f. indicator such as a 
simple r.r. voltmeter connected to the feeder or, better still, a 
s.w.r. meter of the type described in Chapter 19- Measure-

cZ) 

Fig. 7.13. Layout of the p.a. tank circuit. 
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Fie. 7.ll. Under·cha.1-1 is component lay 
out. Position o( 75 ohm feeder cable link 
between final multiplier and p.a. 11 a lso 

clearly shown. 

ments. lo this way, false tuning indications can be 
avoided. It should be remembered that maximum dip in the 
anode current of a tetrode valve seldom coincides with 
maximum power output. 

LOW POWER TRANSMITTER FOR PORTABLE OR MOBILE 
STATIONS 

The small telephony transmitter illustrated is primarily 
intended for portable or mobile operation but can also 
be used in a fixed station. A Mullard QQV02-{) miniature 
v.h.f. double tetrode is employed in the power amplifier 
stage, which may be nm at a maximum input of 7·5 watts; 
with this input an r.f. power output of approximately 5 watts 
can be obtained. A two-valve modulator is incorporated, 
which provides anodeand screen modulation of the p.a. stage. 
The circuit is shown in Fig. 7.24. 

Power requirements are an h.t. voltage of 220 volts at 
approximately 115 mA, and a J 2 volts d.c. supply which is 
used to heat the valves and operate a receive-to-transmit 
changeover relay. When used as a fixed station transmitter 
an a.c. heater supply of either 6 or 12 volts may be used by 
connecting the heaters in parallel or series-parallel respec
tively but a suitable d.c. voltage must be available to operate 
the aerial change-over relay. 

ln the transmitter illustrated a 4·5 volt battery is used to 
energize the carbon microphone, but an alternative method 
whereby the microphone current is derived from the h.t. 
supply may be substituted if desired. 

Circuit Description 
The circuitry of the crystal oscillator and first multiplier 

stages is similar to the corresponding stages in the 35 watt 
transmitter of Fig. 7.16. ln this design an ECC91/6J6 double 
triode valve (VI) is employed, using an Fr243 type crystal 
having a frequency in the 8 Mc/s range; the anode circuit of 
the Squier oscillator (Vla) and the multiplier (Vl b) are tuned 
to frequencies of approximately 24 and 72 Mc/s respectively. 
T he oscillator anode inductor LI is slug-tuned and the 
doubler anode inductor L2 is parallel-tuned by the air 
trimmer C4. Capacitance coupling is used between the 
anode circuit of VI a and the grid circuit of Vl b and in all 
interstage coupling circuits throughout the transmitter. A 
second ECC91/6J6 (V2) with the electrodes of each section 
connected in parallel to form a single triode, functions as a 
doubler from 72 to 144 Mc/s. H .T. supply to the anodes of 
V2 is applied via a centre-tap on L3, parallel-tuned by C6. 
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Low power 144 Mc/s transmitter <or portable or mobile service. 

The p.a. valve V3 is a QQV02-6 double-tetrode; as in the 
earlier stages of the transmitter, the cathodes of this valve 
arc earthed directly and grid leak bias only is applied. Grid 
circui t decoupling is effected by a feed-through capacitor 

RS 
39 

K 

C9; R7 is located so that the earthy end is readily detached 
from the chassis 10 permit insertion of a meter in series with 
the resistor when initia lly tuning the transmi11er. Anode 
and screen circuits arc decoupled by RS, CIO and R9, C l I 
respectively; the screen resistor is not bypassed direc tly 10 
earth. R.F. output from the anode circuit of the p.a. is taken 
from a link winding LS inductively coupleJ to the centre of 
LA. 

A simple two stage resistance coupled amplifier consisting 
of a11 EC90/6C4 triode (V4) and EL90/6AQ5 pent ode (V5) is 
employed which provides I 00 per cent modulation when used 
in conjunction with a single-button carbon microphone. 
Operation of the send-receive switch on the microphone SI 
energizes the coil of the changeover relay RLA/2 from the 12 
volt d.c. supply; RLA I disconnects the aerial socket (CSI) 
from the receiver socket (CS2) and connects CSI to the output 
of the traasmiuer; RLA2 disconnects the h.t. positive 
supply line from the transmitter and modulator, and extends 
the supply to PLl /2, where it is available to operate a receiver. 

If desired the microphone current may be obtained from 
the h.t. supply, thus eliminating the need for a separate 
battery. A suitable arrangement which may be substituted 
for the microphone circu it in Fig. 7.24 is shown in J~ig. 7.25. 

Coupling between the modulator and p.a. valves is effected 
by the centre-tapped primary winding of T2, which acts as a 
J : l ratio auto-t ransformer. A resistor R l5 is included in 
series with the modulated h.t. supply to the anode and screen 
of the p.a. to reduce the tu. applied to this valve to 180 volts. 

PLI 
HT+ 

re I : I 220V RLA2 .. _______ RECEIVER 

12 HT 
_,....__ ... 

1

,.
3 

+12V DC 

QQV02-6 
C9 
0·001 
h i - k 

+12voc 
4 

CSI 

Fi1. 7.14. C ircuit d iair41.m of the low power t·ran1mitter. Cl. J. 0·001 µ F ceramic; C9, 10, 11. 0 ·001 µ F hi·K ceramic feed throuah.1 ; Ll, 10 turn• 24 
s.w .c . enam. nppcd 5 turns from grid end, wound on I in. d iam. former, slug·tuned: U. 6 turns 20 1.w .g. tinned copper ; in. o .d. i in. Ions : LI, 
3 tur'n1 18 s .. w.c. t inned copper ;. in o.d. i in. lonr; L4, l + 3 turns 20 s. w.c. tinned copper !-in. lo nc. l in. srap~tcent,.e for LS,; LS, 1 turnt ll e.w.1. 
tinned copper fi n. o.d., p.v.c .. insulated ; RFCI, 2, lS turns 30 s.w.g. enam. dose wound on f. in. d iam. 470K ohm ! watt: re..sis-tor : Tl, microphone 
transformer ratio I : 60 (Wea.rite type 207 tuitablo)i Tl, push·pull speaker output transformer. primary only t.ese d. T he relay RLI is "' 

miniature 12 volt type with doub le pole chanseover contacts. 
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• 
Under .. chassis view of the low power phone transmitter. The 
microphone t:ra..nsformer is at the lower riiht and the p.a. 

tuning capac itor at the top left. 

R l S is bypassed by C l 7 to prevent attenuation of the audio 
frequencies by the resistor. 

Valve heaters are cooncctcd in series-parallel for operation 
from a 12 volt battery. Rl6 is shunted across the heater of 
V4 to equalize the current flowing through the heater of VS. 

Construction 

The transmitter is constructed on an 18 s.w.g. U-shaped 
aluminium chassis measuring St in. long x 3t in. wide x 2t 
in. deep. Layout of components is clearly shown in the 
photographs. The aerial sockel CS I is located on the 
top of the chassis in front of the oscillator-multiplier 
valve VJ. On the rear drop of the chassis are mounted 
the receiver socket CS2 and microphone transformer Tl. 
At the extreme left-hand side adjacent to V3 are the p.a. 
anode and screen feed through capacitors CIO and Cll; 

----1~ HT+ 

271< 

Tl 

-------llL 
II< 25µF 

12V 

fif. 7.25. Alternacive microphon e ci rcuit for obtainin1 energixinc 
voltare from the h.L line... 

these provide a convenient point for connecting an anode 
current meter to the p.a. stage during initial alignment, 
and may be either short-circuited or connected to a moni
toring meter when the transmitter is subsequently being 
operated. R7, the grid resistor for V3, is located on top of the 
chassis behind the p.a. valve and is connected between the 
feed through capacitor C9 and a soldering tag on the chassis. 
This arrangement permits grid current to be monitored by 

V.H.F./U.H.F. TRA.J.'iSMITTERS 

disconnecting the resistor from the tag and inserting a low
range miUiammeter at this point. Rl5 and Cl 7 arc wired in 
parallel and connected between one end of the l)rimary of 
T2 and an unused tag on !ho transformer panel. 

All tuning controls are adjusted from the underside or the 
chassis. Each of the two concentric trimmers C4 and C6 is 
connected directly across and supported by inductor L2 
or L3 respectively. 

The receive-to-transmit changeover relay is mounted 
towards the front of the chassis adjacent to Cl2. If the 
transmitter is built on a chassis of the size specified, the 
actual relay used must not occupy a space exceeding I! in. 
cube; if the relay is larger than this it will be necessary to 
increase the chassis dimensions. A vertical shield made or 
22 s.w.g. tinplate ru1rning the full width of the chassis screens 
the modulator from the r.f. section. Screening between 
amplifier grid and anode circuits is effecte:l by a tinplate 
shield measuring 2! in. long x 2! in. deep. This shield has a 
cut-Olll to accommodate the valvcholder and is soldered to 
the centre spill and to tags 2 and 5 of the valveholdcr ; the 
shield is earthed by soldering it to tags mounted under the 
fixing nuts of the valveholclcr (Fig. 7.26(b)) . 

Alignment and Operation 

Initial adjustments should be carried out wilb h.1. removed 
from !he anode and screen or the power amplifier valve. 

111a'--i 

2
1tz" l~ 
I 

11tz' L_ 
HOLE SIZES 
A - 3/ 4' DIA 

B - 5t8' DIA 

C - 3/a' DIA 

D - l14' x ~ 16' 

rEB· 
31' i-7ta' 

I 4 

VJ GRID -ANODE SHIELD 
Fis. 7.26. (a) Drilling pl;an. (b) Position of VJ s creen. 

(a) 

(b) 
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This can be done by disconnecting one side of Rl5 and Cl? 
from the modulation transformer. For alignment oo the 
bench or for fixed station operation the 12 volt heater supply, 
connected between PLl/1 and PLl/5 (earth) may be either 
d.c. or a.c.; the total heater current is l ·2 amps. A 12 volt 
d.c. supply must be available for operating the changeover 
relay, and is connected between PLl /3 and earth. Alter
natively, a small silicon rect ifier may be wired in series with 
the relay coil and a 100-500 1•F 25 volts working capacitor 
used for smoothing. With such an arrangement, the trans
miller can be used on d.c. or a.c. without modification. An 
h.t. supply of between 200 and 220 volts should be applied 
between PLl/ 1 and earth. 

A crystal having a frequency bct\\een S·O and 8· 11 Mc/s 
is required. After power supplies have been connected the 
most convenient method of aligning the anode circuits of 
VI a and V 1 b is to disconnect one end of R2 and R4 respec
tively, insert a milliammeter in series and tune for maximum 
dip in anode current. The anode circuit or V2 may then be 
tuned by disconnecting the earthy end of R7 from the 
chassis and inserting a low range milliammeler (0-1 mA) a.t 
this point. C6 is then adjusted for maximum grid current 
(approximately 1 mA). 

A 0- 100 milliammeter should be connected between ClO 
and Cl I, RI 5 and Cl 7 reconnected, and h.t. applied to V3. 
A dummy load, for example a 6 volt 0·6 amp. bulb, may be 
connected to CSL C12 should then be tuned for maximum 
dip in anode current, and lhe coupling between L4 and L5 
adjusted so tbat the anode current does not exceed 40 mA. 
Speaking closely into the microphone should result in 
increased bulb brilliancy on peaks of speech. 

When lhe station is set up for operation RI 5 should be 
adjusted so that the h.t. voltage applied to V3 is 180 volts. It 
is important that this figure is not exceeded. 

A MEDIUM POWER TWO METRE AMPLIFIER 

The 2m power amplifier uses a QQV06-40A/5894 double
terrode valve in conjunction with a quarter wavelength 
linear anode circuit. It may be run at a maximum input 
of 90 watts on phone or 120 watts on c.w. with natural 

cooling; in these c-0nditions an h.t. supply of 600 volts 
at 175 mA or 220 mA respectively, is necessary. A heater 
supply of 6·3 volts at 2·25 amps. is also required. The 
elliciency of the stage is approximately 70 per cent which 
decreases only slightly when operated at a lower anode 
input, i.e. at a reduced h. t. vollage. An r.f. drive power 
or approximately 5 watts is required to obtain full output 
from the stage. 

For high level modulation an audio output of 50 to 60 
watts is necessary, which can be obtained, for example 
from two 807's operating in class AB2 or KT66 or KTSS in 
class AB l. The modulating impedance depends on the 
power input to the stage, and representative values are 2400 
ohms at 60 watts input (400 volts at 150 mA) and 4000 ohms 
at 90 watts input (600 volts at 150 mA). For c.w. transmis
sion the driver may be keyed and to this end a clamp valve 
is included which limits the anode dissipation of the p.a. 
valve to an acceptable value in the " key up " condition. 

Circuit Description 

The circuit is shown in Fig. 7.27. R.F.drive is applied to the 
push-pull grid circuit L2, Cl. Grid bias is obtained solely 
from current flow through R2 when excitation is applied. 
For this reason a tetrode clamp valve V2 (6V6) or equivalent 
is connected between the amplifier screen and earth, so that 
when the p.a. is driven the negative bias developed across R2 
is also applied to the grid of the clamp valve, biasing it to 
well beyond cut-off; it has thus no effect on the operation of 
the circuit. Removal of the cl rive, and hence removal of the 
bias from V2 grid, causes this valve to conduct heavily, 
resulling in a greatly increased voltage drop across R4. The 
screen voltage ofV2 thus drops to a value such tl1at the anode 
current is reduced to a figure that is well within the rated 
dissipation (40 watts) of the valve. 

Use of a tetrode clamp valve is imperative with a valve 
such as the QQV06--40A. A triode-connected clamp valve will 
not reduce the screen voltage to a sufficiently low value to 
protect the p.a. valve. 

The anode circuit L3 is a quarter wave line, tuned by C3 
which is tapped down the line a short distance from the 

~----------o--------~SKlo-~~.-~~-- PLl/3 
~ 2@• 4 PU ,e VIEWED • 0 • FROM REAR 

I 5 

CSI 

0-SmA 

R4 
8·20K 

C2 
0•001 

M2 
0·200mA 

4 

V2 
6V6 

V2 

R6 
22K-40K 

R7 
20K 

1,7 

HT+400· 
600V 

PLl/S ..__....._ ___ ....._ _ _.6·3V AC 

Fir. 7.17. Circuitdial'ram of the 144 Mc/s p.a. Cl., -4, 7, a. 0 ·001 E:'F mica; Cl, seo toxt; C6, 100 pF 2500 V d.c. wk1 .• mica; LI, I turn 20 s .. w.g .. enam. 
t in. diam. ins ulated with polythene sleeving, at cent:re of Ll; Ll, L4, 4 tu,.n1 161.W.f. en~m. -l in. i.d. 1 l in. lone: u. parallel-line anode circuit 
con1i1tin1 of two fi n. diam. copper tubes, 8 in. lonr, 1ilver plat.ed; L4, output coupling loop, 16 s.w.1. ona.m. 2! in. lon1, I in. wide; RI, 3. 

10 ohm1 w ire w ound. 
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144 Me/s power amplifier us ing a QQV06-40A (5894). 

anode end of the line. R.F. output is taken from a loop L4 
which is coupled to L3 adjacent to the short-circuited end. 

The value of the screen dropping resistors for Vl and V2 
(R4 and R6 respectively) is chosen according to the h.t. 
voltage so that the screen dissipation of the valves is not 
exceeded. The range of values shown is suitable for voltages 
between 400 and 600. Resistors Rl and R3 in the grid and 
screen ci rcuits respectively are wirewound to reduce any 
tendency lo parasitic oscillation in these circuits. 

Construction 
The amplifier illustrated is built on an aluminium chassis 

14 in. long x 5 in. wide x 3 in. deep; the output circuit 
compartment is 3! in. wide and 4} i1l. high. Dimensions are 
not critical and may be chosen to suit any particular 
installation. Complete isolation between grid and anode 
circuits is achieved by mounting the valveholder below a 2 in. 

Linear t;lnk circuit for th e 144 Mc/s p.a. 

V.H.F.(U.H.F. TRANSMIITERS 

diameter hole in the chassis on t in. pillars, so that the 
horizontal screening disc inside the valve is level with the top 
of the chassis. 

The anode lines can be easily fabricated and consist of two 
lengths of i in. diameter brass tubing 8 in. long, spaced 1 in. 
apart. At tile short circuited end the two tubes are joined by 
a strip of hcaV)' gauge (e.g. 12 s. w.g.) brass, in which are 
drilled two i in. diameter holes centred 1 in. apart, into 
which the wbcs arc pushed after filing to fit and then 
soldered. H.T. (via R5) is connected to the mid-point of the 
short circuiting strip. At a disiance of Ji in. from the open 
circuited end or the lines the anode tuning capacitor C3 is 
mounted; each plate of this capacitor consists of a brass 
disc I ~ in. in diameter attached to a threaded stud which 
engages in a tap1>C<I hole in a brass block soldered to the 
lines. A fine thread (e.g. 40 t.p.i.) should be cut on the studs 
to ensure smooth movement of the capacitor plates. A slot 
should be cut at the end of one stud to engage with a small 
metal blade fixed to the end of a t in. diameter polystyrene 
rod which forms the tuning control; this rod may be spring
loaded to avoid any tendency of the blade to jmnp out of 
the slot as the control is rotated. 

It wiJl be found that resonance occurs when the two plates 
are approximately i· in. apart and they should be adjusted so 
that this distance is obtained when the front plate is at the 
mean position of its travel. The threaded studs should be a 
reasonably tight fit in the tapped holes to ensure that there is 
no electrical discontinuity between the capacitor and the 
lines. It is advisable for the rear plate to be locked in 
position after resonance has been determined. 

Anode connectors must be used and can conveniently be 
made of fu in. brass rod tin. long, similar to those employed 
for the 70cm transmitter (Fig. 7.39(d)). Copper strip i in. 
wide and 2t in. long is used to join U1eend of the lines to each 
<mode connector. The anode circuit lines are supported at 
the end by a ! in. thick Paxolin plate to which the short
circuiting strip is screwed, and by two polystyrene blocks 
mounted on an aluminium bracket located 4~ in. from the 
end of the lines. 

Operation 
T o set up the unit apply heater voltage only and connect 

a load to C<l2. Excitation may then be applied to CSI and 
Cl tuned to resonance. Tbe output of the exciter and 
coupling between LI and L2 should be adjusted to give a 
grid current of 4 mA. H.T. may then be applied to the 
amplifier and C3 tuned ; the dip in anode current at resonance 
should correspond to maximum r.f. ou tput. Coupling 
between L3 and L4, and the capacitances of C5 should then 
be adjusted to load the stage to the required rating. Finally, 
the value of R2 and R 4 should be adjusted to obtain maxi
mum r.f. output for a given d.c. input to the stage, without 
exceeding the rated anode and screen dissipation of the 
valve. After the anode circuit bas been tuned, h.t. voltage 
may be applied without grid drive, as the clamp valve 
effectively reduces the input to anode and screen of the valve 
to a very low value. 

A LOW POWER TRANSISTOR TRANSMITTER FOR l<M M C /S 

The simple low power transistor transmitter circuit shown 
in l<'ig. 7.28 is typical of the type likely to become popular for 
portable use during the next few years. Although the power 
output is quite low- about 15 to 20 mW- it can be raised 
by means of a higher power amplifier. 
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Fig, 7.28. Circuit diagram of a low power tr-..nsistor transmitter for 144 Mc/s. LI, 25 turn.s 30 s.w.g. cnam. close wound on i in. diam. former 
with. dust·iron core; Ll, 8 turns 26 s.w.r. enamelled ! in. diam. self.0 supportinr1 centre tapped; Ll, S tu rns 16 s.w.g. enam. i- in. diam. turn 
spaced one wire d iameter; L4, l turns 26 s.w.g. en am. wound over L3 at supply end. Value of couplinc capacitor between TRI and TRl is 47pF. 

TRI is a crystal oscillator operating at 24 Mc/s which 
materially simplifies the transmitter. There is of course no 
reason why the crystal should not be of a lower frequency 
but it might then be necessary to use an additional frequency 
multipl ier. The second stage, is hmed to 72 Mc/s, TR2 
operating as a tripler from 24 Mc/s. TR3 is a frequency 
doubler from 72 Mc/~ to 144 Mc/sand feeds the aerial via 
coupling coil L4. 

Modulation is provided by TR4 (speech amplifier) and 
TR5 (Heising modulator). ll is important that the audio 
choke CH I has a low resistance. 

The power output may be raised by adding several amplify
ing stages ending wi t.h one of the following transistors, all 
of which a re capable of about 12 watts output at 144 Mc/s: 
2N3478, 40280, 4028 1 and 40288. A higher power modulator 
would be required and it would be desirable to modulate 
the driver and possibly earlier stages for the best results. 

SEVENTY CENTIMETRE TRANSMITTERS 
The portion of the 70cm band generally occupied by 

crystal controlled transmissions ranges from 432 to 436 Mc/s. 
This has been chosen because it is in hannonic relationship 
with the 2m band, and thus an existing 2m transmiiter may 
be used to drive a tripler s tage to give output in the 70cm 
band without any duplication of existing equipment. In 
practice the majority of crystal controlled transmissions take 
place in the range 432 to 434 Mc/s. 

Although some transmitters make use of a tripler stage 
only following the 2m transmitter or exciter, the majority 
consist of a tripler followed by a straight amplifier on 70cm. 

7.28 

In addi tion to the increased efficiency obtained from an 
amplifier as compared to a frequency multiplying stage, its 
use is desirable to minimize radiation at 145 Mc/s which 
results if a tripler stage feeds the aerial directly. 

Low Power 70cm Transmitter 

The transmitter to be described is a typical low power 
transmitter for 70cm using double tetrodes in the final triple 
and ampli fier stages. 

The complete circuit given in Fig. 7.29 shows the exciter 
s tages and tripler/amplifier as two separate units sharing a 
common ll.l. supply. The triplcr/amplifier may be used to 
follow an existing 2m transmitter giving between l and 2 
watts output. 

Circuit Description 
The exciter consists of three stages, VJ, uses a triode

pcntode, type ECF82 (GUS), the triode section of which 
operates as a " Squier" oscillator with a 24Mc/s overtone 
crystal while the pentode section is used as a multiplier tuned 
to 72 Mc/s. 

The second multiplier Y2 uses a high slope pentode type 
El 80F (6688) with its anode circuit series tuned to 144 Mc/s 
the coupling to the final stage V3, a QV03- 12(5763) is 
connected through a second capacitor to reduce the effect of 
the input loading of V3 from excessive damping of the tuned 
circuit. Alternatively the drive may be taken from a suitable 
tapping point on L3. 

V3 operaLes as an amplifier on 144 Mc/s, the anode circuit 
is series tuned, with anode supply connected to the centre of 
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Fi g. 7.19. Circu it di"cram of th~ low .. power 70 cm transmitte r. 

L4 ideally the value of the tuning capacitor should be equal 
to the output capacitance of the valve when hot. Coupling 
between V3 and V4 is provided by inductors L5 and L6 both 
of which arc single turn coils. 

Jn a complete unit this coupling should take the form of a 
link coupling, with nei ther side connected to earth. 

If however, the tripler amplifier is built as a separate unit, 
then the input from an existing transmitter or exciter is most 
likely to be fed through a coaxial socket to the coupling coil. 
The use of screened twin feeder would assist in preserving 
a balanced input to the push-pull tripler, but single core 
coaxial cable can of course be used. 

Both the V4 tripler and V5 amplifier stages use low 
power double tetrodcs type QQV02-6 (6939) in a push-pull 
arrangement. V4 is operated a t a considerably higher grid 
bias voltage than the amplifier to give good harmonic per
formance. The amplifier V5 will, un der the operating con
ditions given, provide an output in the region of 5-6 watts 
when the h.t. supply is increased to about 220 volts. 

All the circuits operating at 70cm are of strip line type 
and it is important that these arc made mechanically similar 
to the detai ls given in the drawings Fig. 7.32. 

Grid bias for each of the s tages is obtained from the grid 
current, through the individual grid resistors. Provision is 
made for a test point on each of these resistors for tuning and 

test purposes. If desired each test point may be connected 
to a meter through a sui table selector switch if this facility 
is required. Alternatively the test points, which are brought 
tl1rough feedthrough capacitors or insulators can be metered 
from above the chassis. 

Output coupling is through a conventional stripline 
coupling loop with a capacitor in series with the earth lead, 
to a coaxial socket. 

Construction 
The complete transmillcr can be built on a chassis 16 in. x 

4 in. x 2 in. deep. If only the tripler amplifier section is 
requ.ired for use with an existing 144 Mc/s exciter or trans
mitter, this can be built on n chassis 9 in. x 4 in. x 2 in. 
deep, sec Fig. 7.31. 

The layout of the complete unit is shown in diagram 
Fig. 7.30. It will be seen that the p rototype crystal 
was mounted in an octal based oven, this of course may be 
replaced by a standard type of crystal aod socket but a lower 
standard o f frequency stabili ty must be expected. 

The oscillator and the first frequency doubler inductors 
LI and L2 are wound on 7·5mm dian1eter formers and 
mounted above the chassis. Standard screening cans are 
fitted to both coils. 

Both L3 and IA are self supporting and tuned by 2-8 pF 
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Fir. 7.30. Under·chas1is layout of 70 cm transmitter. 

pot type Philips trimmers. The trimmers are mounted below 
holes in the chassis so that they may be adjusted from above. 
One of the standard hexagonal trimming tools should be used 
for adjustment, a lternatively, a hollow hexagonal insulating 
1m1lcrial is marketed by the trimmer makers. 

The coupling coil L5 is a single turn of insulated wire and 
should be coupled into the centre of L4. This coupling coil 
is connected directly to a similar input coil in the grid 
twin-coil L7 of the 144 to 432 Mc/s tripler V4. 

The anode circuit of V4 is tuned to 70cm and consists of a 
" U " shaped stripline using t in. wide strip bent to !- in. 
between sides. The dimensions of this circuit arc shown in 
Fig. 7.32. As shown tho tuning capacitor is soldered by its 
solder tags to a point J ~· in. from the closed end of the line .. 

The tuning capacitors C3 and C4 are both Philips type 
C004/EA. This type has been chosen because it is more 
convenient to fit into the circuit tJ1an older versions and it 
also has a lower minimum capacitance. 

To suppor t this circuit which is mounted t in. below the 
chassis, the closed end of the strip loop is fixed to a t in. 
ceramic stand-off insulator as shown in the side view general 
arrangement Fig. 7.32. 

The amplifier V5 grid circuit is mounted, t in. below the 
tripler anode circui t and is a simi lar strip line loop made of 
t in. wide material. N o tuning is provided but small 
adjustments to the inductance arc possible by adjusting the 
solder points and thus varying the length of the loop. The 
connection from centre point at the closed end of this loop is 
fixed to a feed through capacitor which makes it rigid and at the 
same time provides the connecting point for the bias resistor. 

The anode circuit of V5 is very similar to that used for the 
triplcr anode circuit, differing only in the connecting points 
for the tuning capacitor which in this case are made l t in. 
from the closed end. 

The output coupling LI I is another strip loop of t in. 
wide strip mounted t in. below the anode circuit. It is shaped 
to connect to the co-axial socket mounted on the side wall of 
the chassis at one end and the series pot type Philips 1rimmer 
at the ot11cr. Fig. 7.30 shows this quite clearly. 

Screens arc fitted across the chassis and are located 
centrally across the valve sockets V3 and V5. They should 
be fixed to the main chassis by means of screws each side of 
the valve socket. A suitably shaped cut out must be made 
for them to fit closely over the valve socket. 

OOWH AT 90• 

DOWN AT 90• 

HOLE SIZES ••• - SUITABLE FOR CRYSTAL OVEN '8 ' - l /4"01A ·c· - S/ a" o1A ·o· - l / 4"01A 
'F' - SUITABLE FOR FEEDTHROUGH CAPACITORS ·c · - 3/i601,1, 'H' - 68A CLEARANCE 

Fie. 7.31. Drillin c and bending d iasram for low power 70 cm tra.nsmitt·• r. 
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.------------~l9-----------~ 

KAIERIAL - Z4 SWG COPPER 

.-------- L10 ------~ 

HA IERIAL -
Z< SltG 
COPPER 

IOOOp F FEEOTHROUGH 
CAPACITOR 

I 

1/z CERAMIC STANDOFF INSULATOR - 08A FIXING 

/Ml.:L~FIER ~ ... CH ASSIS 

I 

LIO 

l/4'!-~ 
,--·~ 

SCREEN ~~~t ~ict~!s~SSIOE 
SIDE VIEW SHOWING POS ITION ING OF INDUCTORS 

Fi~. 7.32. Constructional details of 70 cm transmitter stripline inductors. 
Po,itionin1 of tuning capacitors: i1 alto critical and thou Id be clotely followed. 

HAIERIAL -
Z4 SWG COPPER 

Adjustment and Operation 
With the crystal and Vl and V2 in position, the screen of 

V2 should be temporarily open circuited. Adjust both Ll and 
L2 for maximum output as indicated by a meter connected 
to TPI in the grid circuit of V2. A check should be made to 
see that the crystal controls the oscillator aud the valve is 
not self-oscillating. A check should then be made to ensure 
that L2 is tuned to 72 Mc/s. 

The succeeding stages should be adjusted using the fo llow
ing stage valve with its screen disconnected as a tuning 
indicator. This procedure is particularly useful when the 
link coupling between V3 and V4 is being set up. 

Checks should also be made to ensure that neither V3 or 
VS arc self-oscillating. 

Prel iminary output testing can be carried out using a 12V. 
O· 3 amp lamp as a load. When plugged into the output socket 
it should light up to fu ll brilliance when the transmitter is 
correctly adjusted. lt should be noted however that the value 
of CS will be different when set up with a lamp load, to that 
which is required for a normal co-axial feed line to the aerial. 

The use of an r.f. vol t meter as shown on page 7.52 or a 
SWR Bridge, reading forward power is recommended, to 
enable the proper adjustment to be made when feeding into 
the aerial line. 

Wi1l1 the meter (JOOµA full scale) and its series 47 K 
resistor, the grid metering is by measurement of L11e vollage 
across the resistors connected to the various test points. 

Typical values are: 
TPl grid of V 2 O·S V 

2 V 3 l ·O V 
3 v 4 3·0 v 
4 VS ~SY 

Alternatively a simple O·S mA meter may be used to read 
current. In this case some smaU change in bias will occur when 
the meter is connected across the resistor concerned. 

Typical anode and screen currents for the 70cm Tripler 
and Amplifier arc shown in Table 7.9. 

TABLE 7.9 

Valve Grid Screen Anode 
Current current current 

V4 20•0 mA S mA 26 mA 

VS 1·25 mA 9 mA 10mA 

Note that the input power to the tripler is much lower than 
that to the amplifier and the proportions given should be 
readily obtained. lf there is a tendency for needing higher 
inputs to this stage the trouble can be corrected by improving 
t he circuit efficiency- this is achieved by reducing the 
coupling between V4 anode and VS grid circuit. Similarly 
the omput coupling should not be too close. 

A IS WATT TRANSMITTER FOR 430 Mc/s 

The transmitter shown in Fig. 7.33 employs grounded 
grid final multiplier and power amplifier stages and is 
capable of providing r.f. power outputs of 1 S watts c.w. or 
10 watts phone. IL can be used as tbe r.f. section of a com
plete 430 Mc/s transmiuer or as a driver for a higher power 
stage such as a 4Xl SOA or 4CX250B. 

C ircuit 
The crystal controlled multiplier chain uses th ree valves to 
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-The conlplcte 430 Mc/s transmitter. Components may be identified 
by reference to Fig. 7.34. 

produce 750 mW al a frequency of 144 Mc/s from an 8 Mc/s 
crystal osciUator. Series tuning of the N78 (V3) anode allows 
more Jatirnde in the construction of the coil than would be 
possible with parallel tuning. The anode coil of the N78 and 
the cathode coil of the A2521 iriplcr (V4) are coupled by a 
single turn of p.v.c.-covered wire pushed into each coil. T he 
anode coi l of the A2521 trebler and amplifier stages are 
identical single turn loops and each is coupled to the follow
ing cathode by an untuned loop adjacent to the anode coil. 
The DET24 (V6) anode circuit consists of a square loop 
from which the output is taken through a coupling capacitor 
close to the anode. All three grounded grid stages employ 
cathode bias ; as the heater and cathode of the DET24 arc 
common, th is necessitates a separate 6·3 volts heater supply 
1or this valve. 

Since some of the power output reaching the aerial is fed 
1hrough from the A2521 amplifier, it is necessary to anode 
modulate both the D ET24 and the A2521 amplifier (VS) and 

TABLE 7.10 

COMPONENT INFORMATION FOR FIG. 7.33 
•CTI, 2, i in. length of i in . bore copper tuba soldered to •node loop. 

The tube i• in«rnally lined with I! turns ofO·OOS in. p.t.f.c. tape; 
3n earthed 6BA screw is inserced for tuning. 

• CT), ! in . longth of -fc in. bore copper tube soldered to anode 
mount. The tube is intcfn:tlly lined with 3! turns of 0·005 in. 
p,t,f.c. tape, and an earthed '4BA screw inserted. 

• CT~. 'it in. length of f in . bore copper tube mounted on a f. X ~ 
In. copper br3ckct al\d soldered to the :anode mount. Thee tube 
is in ternally lined with 2! tu.-ns of 0·005 in. p.t.f.e. tape, and t1 

~ in . coppar slug threaded on 6BA srnddina inU!rte:d. The 
studd ing is soldered directly to the centre pin of a. chassis 
mounted BNC .socket. 

LI, 26 turns, 26 s.w.g. cnam .. i in . di3m. former with dust core. 
L2, IS turns, 10 s.w.g. enam., l in . di;un. forn1cr with dust core. 
LJ, 6 turns, 20 s.w.g. enam., i ii\. di3m. self-supporting (close 

wound on i in. diam. mandrel). 
L4J, S turns, 16 s.w.g. bare copper, I in. diam., a.ir-·spaced to-{!. in. 
LS, 2+ turns, 20 s.w.g. onam., j lo. dfam .. oir spaced to t in. 
l6, 9, I turn, 10 s.w.g .• fin. d i;im., with one end attached to a I in. 

x l in. 20 s.w.g. copper plate to form a capacit'Y of ISO pf to 
C;\rth using 0·001 in min. dielectric. 

l7, 9, I turn, 16 $,w.g., enam .• l in. di:am , 
LIO, Square form single turn loop of I in . X I ~ in. inr:crn2I dimcn· 

sions with one end integral with anode mounting and the lower 
horizontal surface spaced from the ch:inis with O·OOl in. mica. 
The loop is fabricated from I* in . width X 16 s .w.g. copper strip. 

RFCI. 2. 3, 26 s.w.g. cnam. wound to cover• 100 Kohm Erie t ype 
8 resistor. 

RFC'1, S. 11 turns, 26 s.w.g. enim., .r, in. diam .. self supporting. 
RFC6, 7, Si turns, 20 s.w.g. cnam., i'r in. di3m, 1 ilir sp3ccd tot in. 

• Commerd•I typ~ avai lable in Mul13 rd COO~/EA rango. 
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VALVE ANOOE MOUNT, INTEGRAL WITH LOOP ANO MEASURING 1.1/2 " x 1.1/2" SQUARE lj lTH A 1. 1/ 8" OIA 
CENTRAL HOLE. CLAMP PIECE IS l/•• LENGTH OF 1.1(8" 1/ 0 x 16 swg COPPER TUBE, WITH SQUARE 
COPPER FLANGE U(8•x l.l/8" SOLDERED TO TUBE. ANODE MOUNT IS TAPPED 6BA AT FOUR 
CORNERS COINCIDENT WITH 6BA CLEARANCE HOLES IN CLAHP FLANGE. 

TH IS SIDE OF CHASSIS SHOULD 
BE DETACHABLE TO FACILITATE 
CHANGING THE DETZ• VALVE 

VENTILATION HOLES 114" DIA 
DRILLED IN TOP AND SIDE 
OF CHASSIS \ 

CRYSTAL 

0 
A2S21 

SEALECTRO CONTACT 
FINGERING 
TY PE CF(Ol/'45 

lied, then tl1e A252 1 may be 
fed directly from the 250 volts 
h.1. line and the DET24 anode 
supply may be increased to 
400 volts. The A2521 anode 
current should never exceed 
18 mA, nor the grid current 
6 mA. 

Construction 
The crystal controlled mul

tiplier is conventional and 
simple to construct. Copper 
screens are soldered in the 

•" posi tions shown in Fig. 7.34, 
and pins 1, 3, 4, 6 and 9 of the 
twoA252J valveholdcrsshould 
be soldered directly to the 

1 
LOOP CLAMPED TO CHASSIS WITH 68A 

I 

BRASS SCREWS AND HUTS WITH P. T.F.E. 
BUSHES FOR INSULATION 

~~ .... ~~~~~~···~~~~~~--:~! 
'4-<4 - --e·- - -

f ig. 7.34. Layout of the unders ide or the complete tr;insmit·ter, showing the positions fer coils, associated 
capacitors and resistors. 

appropriate screen. The anode 
circuits of the A2521 tripler 
and ampli fier are identical. 
A length of 10 s.w.g. (! in. 
diameter) copper ware is bem 
around a t in. mandrel; one 
end is straightened over a 
length of approximately l in., 
and this is soldered to the top 
surface of a small copper plate 
measuring t in. x I in. ; the 
other end of the loop is cranked 

to bypass the cathode resistors of both stages to audio as well 
as radio frequencies. The anode supply to the A252J from 
the modula ted h. t. tine should include a resistor to reduce the 
voltage to 160voltsat 18mA. ff anode modulation is not app-

lo allow connection to the anode pin of the valve base and 
at the same time allow a small copper tube (CTl and CT2) 
to be soft soldered to the loop as near as possible to the anode 
but projecting over the chassis, clear of the valveholder. A 

An under·chassis view or the transmitter. T he main compon ents: may be identified by refere nce to Fig. 7.34. 
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DRILLED AND TAPPED 68A r ·· 
Yi; .. '"- CUT THROUGH BLOCK 

L _,___;:::*""'-__,,,......._, 

L.~I: +--.~. ffi--· ?· 
~·i i gz =r l _ _ ....__ _ _.__~~ 

HATERI AL: 
16 swg COPP£ f\ 

ANOD E 
LOOP LIO 

( b) 

HATERIAL : BR ASS 

CLAMP FOR 
CATHODE TUBE (o) 

Fir . 7.3S. (a) Cooling clamp for t he a.thode of V6. ( b) Method o f 
bending metal to form LIO, t he anode loop for V6. 

hole is then drilled and tapped 6B.A. through the top of the 
chassis in line with tbe axis of the copper tube; a 6B.A. brass 
nut is soldered on to the top surface of the chassis, over the 
tapped hole, to give increased stability to the 6B.A. screw 
which forms the tuning control. 

The copper plate which forms the bypass capacity to earth 
(C23 and C27) should be " tailored " to provide clearance 
of the valvebolder and tuning control. The plate is insulated 
by a thin mica sheet and fixed to the chassis by two 6B.A. 
nylon screws (Radiosparcs). It is necessary t·o countersink 
the 6B.A. clearance holes on the underside o f the chassis to 
prcvcllt voltage flashover around the edges of the screw holes. 
fn the case of the A2521 amplifier, one nylon screw is rep laced 
by a brass screw and p.t.f.c. bush (Polypenco, Welwyn 
Garden City) in the chassis to provide an external connection 
for the anode supply to that stage. 

T he DET24 anode circui t is made from a strip of 16 s. w.g. 
copper (Fig. 7.35). The anode mount is 1! in. wide and the 
strip is trimmed over the length of the loop to J t in. wide. 
The anode flange of the valve scats on to the anode mount 
:ind the anode clamp, which acts as an additional heat sink, 
is fixed to the mount by 6B.A. screws a t each corner. It is 
essential to keep the temperature of the valve anode seal 
below 140°C and it is necessary to provide good heat con
duction to the chassis; the integral mount and loop of copper 
together with the use of thin mica for insulation, meet this 
requirement. Nylon screws are not suitable for clamping 
the loop to the chassis screens due to the temperature of the 
chassis, so that i t is necessary to use p.t.f.e. bushed holes a nd 
GB.A. brass screws and nuts. The grid contact is formed by 
soldering contact fingering d irectly to the chass is screen and 
nrranged to give firm contact with the grid ring of the valve. 

A clamp on the cathode tube of the valve assists in keeping 
it cool and provides a convenient anchorage for the coupling 
loop. 

It is essential to provide a weU-fittiog base p la te to the 
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chassis ia order to prevent direct radiation from the output 
circuit. One side of the chassis should be made removable 
so that the anode clamp of the DET24 can be unscrewed if 
the valve has to be changed. 

TABLE 7. 11 

Typical performance fic uru for the DETI4 output otaac of 
Fir. 7.33. 

Clou C T elegrophy 
Va 
la 
le 
P load 

J SOV 
9lmA 
38mA 
IS·OW 

300V 
81 mA 
39mA 
IHW 

lSOV 
73 mA 
40mA 
10·3W 

Closs C Telephony anode modulated (carrier conditions) 
Va 300V 250Y 
la 77mA 68mA 
lg 30mA 34mA 
P load 10.9W 8·8W 
P mod I 1.6W S·SW 
Z mod 3·9 K ohms 3· 7 K ohms 

A 24 WATT TRIPLER-AMPLIFIER 

The illust rations show a higher power 70cm trip lcr-amplifier 
havi.ng an r. f. output of not less than 5 watts. It is intended 
for use in conjunction with a 2m transmitter. With an input 
of 24 watts to the amplifier s tage this unit will deliver a power 
output of 12 watts at 435 Mc/s. Mu llard QQV03-20A 
(6252) double-tetrode valves are employed in both triplcr and 
ampli fier s tages. 

The unit requires an h.t. supply of 300 volts at 200 mA 
and a 230 volts a.c. mains supply; the latter is necessary to 
obtain 6· 3 volts for the valve heaters, for which purpose a 
transformer is mounted underneath the chassis. 

All the 70cm tuned circuits are formed by parallel lines 
which are shielded to minimise radiation and thus increase 
their efficiency. Forced-air cooling of the valves is unneces
sary unless the ampl ifier s tage is run at an input grea ter than 
24 watts. Anode and screen modulation of the p.a. s tage 
may be effected by a modult1 t·o r haviug an audio output of 
15 lo 20 watts; with a n input of 24 watts to the power 
amplifier the impedance of the modulated stage is 3750 
ohms. 

Circuit Description 

Thecircuii oflhctripler-amplifier is shown in Fig. 7.36. R .F. 
drive from the 2m exciter is applied to CSl and via LI , L2 
to the push-pull grids o f the tripler valve VL L2 is tuned by 
the valve input capacitance and stray circuit capacitances to 
a frequency of approximately 145 Mc/s; coupling between 
LJ and L2 is variable and can be adjusted to obta in the rated 
grid current for VI. Grid-leak bias for the triplcr valve is 
derived from flow of grid current through RI , which is 
re turned to chassis Lluough the monitoring resis tor R2, 
bypassed by Cl . 

The anode circuit o f VI is tuned to 435 Mc/sand consists 
of a quarter wave para llel st rip line L3 tuned by C2 which 
consists of the capacitance between opposite legs of the strip 
line. This capacitance .is made variable by gradually introduc
ing a block of insulating material , in this ins tance Kernmot, 
be tween the line, so that the permittivity of the dielectric and 
hence the effective capaci tance of the circuit is cbangcd. This 
method of tuning, which is also employed in the p.a. anode 
circuit has been adopted to maintain balance between each 
section of the valve. It has commonly been found that the 
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Front viow of the 24 watt tripler .. amplificr". The tripler tuning is 
on the left and the p.a. tuning on the ri aht. The anode meters 

Ml and Ml are at the top of the panel. 

more normal method of tuning push-pull circuits by using a 
spHt-stator capacitor having the rotor either earthed or left 
floating, results in unbalance of the circuits when employed 
at frequencies of the order of 435 Mc/s. A material such as 
polystyrene having a lower power factor than Keramot, may 
be used but even with the less efficient dielectric employed 
the r.f. drive to the amplifier grids is more than adequate. 

H.T. supply to the anode of V l is decoupled by RFCI and 
the feed-through capacitor C3. The screen supply is reduced 
from 300 volts to a maximum of 250 volls by R3, the value 
of which should be adjusted during initial selling-up of the 
unit so lhal maximum r.f. output is obtained from the valve 
when operated within the permissible rating. The screen of 
VI is un-bypassed. 

Inductive coupling is employed between VI anode circuit 
and the grid c ircuit of V2. The tuned grid circuit L4 of the 
power amplifier is a half-wave long when loaded by the 
input capacitance of the valve, and RFC2 and RFC3 are 
connected at the approximate electrical centre of the line. 
The two grid circuit chokes are returned to earth through the 
bias resistor R4 and monitoring resistor RS in series; these 
resistors arc bypassed by C5, C6 and C7. 

Another half-wave Jjne LS, tuned by C9 forms the anode 
circuit of V2. In this instance the anode tuning capacitor is 
formed by the capacitance between two copper plates 
soldered to the line; the dielectric of this capaci tor in the 
transmitter illustrated is also or Keramot but it is recom
mended that polystyrene be used so that the highest possible 
efficiency is obtained in this circuit. H.T. is fed to the p.a. 
anodes through RFC4 and RFC5, connected to the line at 
the voltage node. The anode circui t is decoupled by C8, 
which is specially constructed to provide a low impedance 
bypass at the operating frequency. As with the tripler 
circuit, the screen of V2 is un-bypasscd. 

Anode and screen modulation of the power amplifier is 
obtained by connecting the output of the modulator to 
SKI. A screened lead between modulator and p.a. may be 
employed, with the screen connected to the chassis of the 
r.f. unit at SKI if necessary. 
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A balanced output loop L6 is coupled to LS adjacent to 
the point corresponding to the voltage node on the line, and 
is connected to two polystyrene feedthrough insulators 
mounted on a strip of paxolin fixed to the rear screen. The 
paxolin strip ensures a low capacitance between the insu
lators and the earthed screen. If a coaxial cable is used to 
feed the aerial array, it is recommended that a balance-to
unbalancc transformer be interposed between L6 and the 
cable; the coupling loop shown is suitable for this purpose. 

The cathodes of both Vl and V2 arc connected directly to 
earth and no protective grid bias is employed. Current in 
the grid circuits of VI and V2 is monitored by switching Ml 
across R2 and RS respectively. The heater transformer Tl is 
included in the unit to avoid voltage drop that would occur 
in the connecting lead if the heater voltage was obtained 
from a separate power unit. For the same reason connec
tions between the secondary of Tl and heater tags on the 
valveholders should be made with a heavy gauge conductor, 
preferably not less than 16 s.w.g. For efficient operation of 
the valves it is essential that the voltage across the actual 
valve heaters should be maintained at 6·3 volts. The heaters 
or Vl and V2 are bypassed at the valveholders by CIO and 
Cl I respectively. 

Construction 
Views of the tripler and an1plifier stages, and the underside 

of the chassis are amply illustrated, chassis drilling details 
are shown in Fig. 7.37. Panel, chassis, front and rear 
screens are made from 16 s.w.g. aluminium; the side 
screens and vert ical shield on which the tripler valve
holder is mounted are of 18 s.w.g. aluminium. The panel 
fitted 10 the transmitter illustrated measures 17 in. long 
x 7 in. high, but the length may be increased to 19 in. if 
it is desired to mount t he Ullit in a standard rack. The 
U-shaped chassis on which the two stages arc mounted 
measures 15 in. long x 4 in. wide x 2~ in. deep, and the side 
screens are secured to it by 2! in. x ! in. aluminium angle 
brackets at each corner on the underside. When making the 
two side screens, the rear flange on each should be formed so 
that it is flush with the edge of the screen and hence with the 

f . i 

Close·up vi ew of the tripler anode circuit :ind p.a. c rid circu it. 
Note tne variable dielectric between the lines forming Ll. 
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The anode circuit of tho power amplifier. 

rear drop of tbe chassis when fitted io position. Cbeesc
hcad 6B.A. screws and nuts arc used in the assembly of the 
unit, wit11 the exception of the front panel, wh.icb uses six 
4B.A. round-head screws a nd nuts. 

Al the extreme left or the unit the tripler stage valveholder 
is mounted underneath the chassis on four spacers ! in. lon.g, 
made from ! in. diameter brass rod dril led and tapped 4BA. 
A small fib re washer is inserted between the valveholder and 
each spacer and under the head of eacb fixing screw to 

prevent fracture of the ceramic holder as the screws are 
tightened. 

The input coupling loop LI is mounted on a thin strip of 
polystyrene attached to a paxolin support by a small angle 
bracket on which it is pivoted by a single SB.A. screw; 
this permits adjustment in the position of Ll relative to 
L2. The paxolin support is secured to the underside of the 
tripler valveholder by two of the 4B.A. securing screws. 
LI is in sulated with polythene sleeving; the ends of the 
wire are bent at right-angles and passed through two small 
holes in the polystyrene to which it is secured with 
cement. 

Decoupling capacitors C l and C IO are mounted on an 
aluminium bracket (Fig. 7.37) fixed to the underside of the 
chassis adjacent to the triplcr stage valveholder; the cathode 
is connected to this bracket th rough a short length of ~ in. 
wide copper strip. 

The amplifier valvcholdcr is mounted on the interstage 
screen in a similar manner to that employed for t11e tripler 
valvcholder. Before the holder is fitted in position it is 
necessary to remove the two control grid contacts so that the 
p.a. grid lines may be fitted directly on to the valve pins. 
This is done by drilling out the rivets which secure the spring 
contacts to the base ; the holes in the base are then enlarged 
to a diameter of not less than {6 in., using a tungsten-carbide 
tipped driU (Mason Master or Rawlplug) with turpentine as 
a lubricant. Extreme care must be exercised when enlarging 

,..-~~~~....-~~~~~~~~~~~~~~~~~~~~~~~~~~-.-o~J6v 

SKI 
PL I ( 3 ) 

HT+ 

1 
r;~Ql 40 PLI VIEWED 

FROM REAR 

E~ 5o 

Fir. 7.36. Circuit diarram of the 24 WOltt tripler-amplifier for 435 Mc/s. Cl, 2, l , I I, 12, 0 ·001 ,. F ce..,.mic Hand-off· Cl C6 7 100 pf cerOlmic 
feedthrough; C8, appro~imatefy 120 p~ (see text ~nd fig. 7.JS(d)): C9, sec text; LI, I tu~n 20 s.w.r. enam f in. o.d: itlu'st-r.:ti~n in text; Ll, 4 
turns 16 •·~·&'• cnam. fin. o.d. a~pro?Ctmately f m. long_. centre ~ppcd; U, copper st.r ip 18 ':w·~: i in. wide total length 6-j in. bent into U 
for_m (1e o Fir. 7.J9(a)); L4, two tin. dtam. brau rods Ii an. long drilled and t.apped as shown an F11. 7.39 (b) · LS, two t in. dia.m. brau rods 
s• '"·Iona plu& anode?connectors, 1ca text and Fig. 7.39(c)i l6, loop 1 in. long-+ in. wid6 of 16 t.w.r. enam.: 'Ml, 0 .. 5 mA m.c. meter: Ml, 3, 
0-150 mA m.c. meter; RFCI , 2, 3, 4, S, 11 turns 20 s.w.g:. enam. tin. o.d. approximately I in. lone; Tl llOV SO cf• primary. The valveholders 

for VJ and Vl are modified at deec.ribed in the text. 
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the holes to avoid fracture of the ceramic base. Alternatively 
p.t.f.e. sachets made by Henry and Thomas can be used. 

The valveholcler is positioned on the screen so that tbe 
cathode contact is nearest to the chassis; this permits a short, 
low inductance cathode connection formed by a 20 s.w.g. 
aluminium bracket (Fig. 7.38 (b)) to be obtained. At the top 
of the bracket a tag is located wllicb is soldered direct I y to the 
cathode tag on the valveholder. This bracket also carries 
the two grid circuit bypass capacitors C6 and C7. 

Details of the mounting for the p.a. anode lines are also 
shown in Fig. 7.39. The i in. diameter lines arc supported 
between two polystyrene blocks fixed to an aluminium 
bracket by two 2B.A. screws and nuts ; the cut-out at the base 
of the bracket is to accommodate the anode circuit bypass 
capacitor CS. To form the semi-circular slots in which the 
lines arc seated in the blocks, clamp both blocks together, 
and with centres marked l4mm apart, drill through the 
blocks with a i in. drill at the junction between them. When 
the blocks arc fitted in the transmitter they arc clamped 
together by a 2B.A. nylon screw (Radiospares) passing through 
a clearance hole in the upper block and engaging in a corres
ponding tapped hole in the lower one. A nylon screw is used 
to avoid any effects due to tbe presence of metal in the r.f. 
field between the two lines. 

U nder·chanis view. The tripler 
1taee is on the ria:ht. The 
trandormer at the left is for 

the heaters. 

V.H.F./U.H.F. TRANSMITfERS 

Fi1. 7.37. Drilling and bending instructions for th• 1< 
watt tripter .. amplifier chanis. 

Constructional details or the anode circuit bypass capaci
tor CS are shown in Fig. 7.38 (d). The capacitor consists of 
two circular brass plates, l·k in. in diameter, made from 16 
s.w.g. brass sheet; a heavier gauge metal may be used with 

Coupling loop from:thc 144 Mc/ s exciter to the tripler 1rid circuit.. 

advantage. One of the plates is mounted above and the 
other below the chassis, from which each plate is insulated 
by a 1 t in. square sheet of 0·004 in. mica. A ,\ in. diameter 
hole is drilled in the chassis to clear the 2B.A. screw by 
which the plates a rc clamped together and a paxolin washer 

--~-........ 
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baving a ihickncss corresponding to the gauge of metal used 
for the chassis, which in the present instance is n in. The 
two active surfaces of the brass plates should preferably be 

R ,. -i_i::i1'4. 
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Fig. 7.J8. Constructional details of mechanical 1ub-a11emblics. 
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faced in a lathe to ensure their Oatness. A capacitor made as 
described has a capacitance of approximately 300 pF. 

Details of the 435 Mc/s tuned circuits are shown in Fig. 
7.39. The tripler a node line is attached to the valve anode 
pins by two small spring clips made from 24 s.w.g. beryllium 
copper secured to the line with 4B.A. nuts and screws. The 
block of dielectric used for tuning the circuit measures 1 in. 
square x .p, in. thick, and has a t in. diameter hole 
drilled at a distance of t in. from the bottom edge; the 
t in. diameter Keramot spindle is filed down slightly to be a 
push fit in this hole. 

Across one end of the amplifier grid lines the tuning 
capacitor C4 is mounted on soldering tags secured to the 
line by 6B.A. screws; the other end of the line is pushed over 
the grid pins of the valve and secured by 6B.A. grub screws. 
In the unit illustrated the grid circuit chokes RFC2 and 
RFC3 are co1rnected to soldering tags which are attached to 
the lines by BB.A. screws; a belier method is to use small 
anode top cap connectors similar to those used to connect 
tbe anode circuit chokes in this transmiller. 

Each of the amplifier anode lines (LS) is joined to the valve 
anode connector through a I t in. length of thin copper strip 
+ in. wide. This provides a flexible connection between the 
rigidly mounted lines a nd the valve anodes to prevent 
fract11re of the valve envelope due to unequal expansion of 
the glass and metal. Considerable dissipation of heat from 
the anodes is effected due to the use of heavy connectors 
fitted to the anode pins. The plates of the tuning capacitor 
C9 measure l! in. square and are made from 16 s.w.g. copper 
soldered at a centre distance of J! in. from the end of the 
line. The variable dielectric is t in. thick and It in. square 
and is fitted to the insulated control spindle in a manner 
similar to that employed for the triplcr stage. Anode chokes 
RFC4 and RFC5 are attached to the line through two small 
valve anode top cap connectors; this enables the point of 
connection of the chokes to the line to be adjusted. 

Both tuning controls arc fitted with slow motion dials; the 
tripler stage capacitor is driven directly, but the amplifier 
capacitor is driven from the slow motion head through two 
l r in. gear wheels, which enables a symmetrical front panel 
layout to be obtained. 

la the unit illustrated the two anode current meters are 
connected into circui t through plugs and sockets mounted 
on the front drop of the chassis. This is not essential but 
prevents leakage of air if the transmitter has to be blown. 
The heater transformer T J is mounted undernea th the chassis 
at the extreme right hand end. 

Adjustment and Ope ration 

The output of a 2m transmillcr or exciter should be 
coupled to CSl tbrough a short length of coaxial cable, and a 
230 volts a.e. mains supply connccled to PL2. The tripler 
and power amplifier tw1cd circuits should then be adjusted 
in that order by adopting the following procedure: 

(a) Set the meter switch St to read tripler grid current 
and with no h.t. applied to the w1it, adjust the turns spacing 
of L2 for maximum grid current in VI. Adjust the coupling 
between Ll and L2 or the output of the 2m exciter to obtain 
optimum current (see Table 7.12). 

(b) Switch SI to read p.a. grid current, and apply approxi· 
mately 200 volts b.t. to the triplcr stage only. (The most 
convenient method of doing this is to leave SKI open 
circuited.) Then tune C2 and OI to resonance as indicated 



by maximum grid current in V2. At resonance about half 
the effective capacitance of C2 should be in circuit; 

(c) Connect a dummy load, which may consist of a 
230 volts 15 watts lamp, to the output terminals of the 
transmitter. Apply h.t. to both stages, then tune C9 and 
adjust the coupling between LS and L6 for maximum 
brilliance of the lamp load. It will generally be found that 
quite a loose coupling is required. 

An aerial may now be connected to the output termiuals 
and 300 volts h.t. applied. It will be found that the anode 
currents of VI and V2 do not dip as the associated circuits 
arc tuned and therefore some form of r.f. output indicator 
will be required to show resonance of the p.a. anode circuit. 
The ideal arrangement is to make use of a reOectometer 
(see Chapter 19, Measurements) connected in the aerial 
feeder but failing this, a simple r.f. output monitor located 
adjacent to the feeder will be suitable. 

518'4'"~ 

'

",., 

1
.~71(~ TRIPLER ANODE 

CO NN ECTORS 
2 OFF 

!. 112'--1 

IRIPLER 
ANOOE LIHE 

. 1·~-'~.' 
. I ' ·~ 1 

iz · • 

MAT : 22SWG 
COPPER 

DRILL No . j 
27 ~3/16' 

(a) 

,....,.,..:n+i,-!----~. --;' I 

MAT : 24SWG 
BE RYLi UM 
COPPER 

1,1 i~~'\,i 
,..r.~.;r ..... 

::..:t:-=="°"'==:T.lti<----~~~~~~-~-~--f- - - -
--~~--.-~~~~~~ 

~-_...._- 1 31 s·--~~-I ( b) . . 
DRILL No 51 TAP BBA 

AMPLIFIER GRIO LIHE 2 OFF MAT: 1/4' DIA BRASS 

r
l/z..+---1 1/z"----'o CAPACITOR PLATE 

I I 16 SWG COPPER 

I ·+ -:-1Sfi6°F 
;.---l=====:i--1 ..... 

112_·~ '1i61! 

E 
f DRILL Now

1

. -
TAP 6BA 

s1/2°--------1 

AMPLIFIER AHOOE LINE 2 OFF {: E~~~T_-HH:N~ MAT: 

r-
ll,' 1/4 DIA 

(c) 

,. DRILL No 44 BRASS 

( d) 

TAP 68A • 

~· -$-
1-314'-..i ' 

AMPLIFIER AHOOE COHNECTOR 2 OFF MAT: 
5/i6°' DIA 
BRASS ROD 

Fir. 7.39. Conatructional detail• or ~30 Mc/• tuned c ircuiu. 

V.H.F.jU.H.F. TRANSMlITERS 

TABLE 7.12 
Typical curre nt readinca for the 70cm tran1mitter or Fie. 7.36. 

Anode Screen G rid 
Valve curre.nt current current 

VI 16 mA 5·0mA 2·5 mA 

Vl ao mA 9·0 mA l·OmA 
·--

The value of the two screen resistors R3 and R6 and the 
value of the p.a. grid resistor R4 should be adjusted for 
optimum results within the rating of the valves. The position 
of RFC4 and RFCS on the p.a. anode line should be ad
justed to correspond to the voltage node on the liue. A 
convenient way of doing this is to line up the transmitter 
into a lamp load, and then repeatedly tap a pencil along 
each line until a point is found such that when the pencil is 
touched on the line no diminution in r.f. output results; the 
clip attached to the choke is then slid along the line to this point. 

Table 7.12 shows typical current readings obtained with an 
h.t. supply of 300 volts; it is important that the anode current 
of the two valves doe.'! not exceed the figures shown unless 
forced air cooling is employed. If the d.c. power input to 
either valve exceeds 24 watts it will be necessary for such 
cooling to be used. ln this event the two stages must be 
completely enclosed by fitting a base and top cover to the 
section in which the valves are located. A motor blower can 
conveniently be mounted at the rear of the chassis. Holes 
must be drilled in the chassis beneath the anodes of the p.a. 
as shown in the under-chassis view to allow the passage of air 
past this valve, and in the top cover immediately above both 
valves; enough clearance for cooling purposes already exists 
between the envelope of the tripler valve and the chassis. If 
cooling is resorted to, the r.f. section must be sufficiently 
airtight to minimize leakage through joints between the 
chassis and screens; sealing may be effected by applying 
polystyrene cement to all joints with a small brush. The 
blower should have sufficient capacity to maintain the pin 
temperature of the valves at not more than 180°C. 

A Varactor Trlpler for 70cm 

This section describes a varactor tripler that will give 
an output of more than 10 watts on 70cm. The heart of 
this unit is a Mullard BAY96 varactor diode; this and all 
the other components are built into a small diccast box, 
which also acts as an adequate heat sink. Higher powers, up 
to about 25 watts r.f. input at 144 Mc/s can be arranged 
provided that additional cooling is added to prevent over
heating. 

Although frequency or similar modulation is the preferred 
method of modulation, certain types of varactor diode, of 
which the BA Y96 is an example, will give good speech 
quality at the 70cm output when driven by an amplitude 
modulated 144 Mc/s input. It should , however, not be 
assumed that all varactor diodes will give an equal perfor
mance in this respect, for many will not and hence frequency 
or simi.lar modulation will have to be used. 

Operational tests with the circuit of Fig. 7.40 have found 
144 Mc/s a.m. drive satisfactory, and this good performance 
has been confirmed by the manufacturers so that a lripler 
using this particular diode can be relied on to be suitable for 
either frequency or amplitude modulated drive. 

It can be seen in Fig. 7.40 that the diode is used in a shunt 
arrangement with an auto-bias resistor connected directly 
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across it. T his system is convenient as it allows one side of 
the diode to be fixed directly to the cl iecast box. 

T he Circuit 

The three tuned circuits are tuned to the input frequency, 
144 Mc/s, the idler (second harmonic) frequency, 288 ~c/s, 
and the wanted third harmonic, 432 Mc/s; the varactor diode 
is connected to the junction of these circuits see Fig. 7.40. 
The input tuned circuit consists of Cl, C2 and Ll, the idler 
circuit is composed of C3, L2, and C4, L5, both are tlmed to 
432 Mc/s. As all these circuits have a common point at the 
diode there is naturally some interaction between them, and 
thus any adjustment to one circuit must be followed by read
justment of the others. 

As can be seen from the photograph and layout diagram 
the 432 Mc/s circuit is screened from the input and idler 
circuits by a screen running the length of the diecast box. 
The connection from the common junction of the three 
circuits passes through the screen, via a small p.t.f:e. 
insulator, to the tuning capacitator C4. This circuit, compns
ing L3, C4, is coupled to the high Q circuit lA, C.:5, Ct?d the 
output circuit L5, C6 is in tum coupled to this high Q 
circuit. 

Use of the high Q circuit enables a considerable degree of 
filtering to be attained and ensures that both input and idler 
frequencies are suitably attenuated in comparison to the 
wanted 432 Mc/s (third harmonic) (lUlput. Examination of 
the out1>ut on a spectrum analyser shows that the presence of 
the input (144 Mc/s) and idler (288 Mc/s) freq~encies .are 
barely noticed when compared to the 432 Mc/s signal, hke
wisc, the outputs at fourth and fifth harmonics are very low, 
and the only output present at any significant magnitude is 
the sixth harmonic of the input frequency (twice the output 
frequency) at 864 Mc/s. 

Construction 

The construction is really self-evident from the illustra
tions, but the following information covers those details 
which may not be apparent. 

(a) C2 and C3 are standard chassis fixing capacitors. 
(b) CS is made from a Mullnrd type C004EA/12E 

tubular trimmer by removing the outer plate (fixed 

7.40 

. . 

Under·cha.s.sis view of the 70cm. tripler 
$howing posit.ion s o( var.actor and t.uned 
circuits. N ote position of 1creen 
between t.he 432 Mc/ • and the input 

circuit1. 

tube) and inserting the remaining insulator and m<;>v
ablc inner plate into the end of the copper lube which 
forms LA. 

(c) The input and output connections used .in the ~r?to
typc arc BNC 50 ohm types. The pattern rs not cnucal. 

(d) Care should be taken 10 ensure that the inductors L1 
L2 and L3 are terminated in a common point at the 
varactor terminal. It is convenient to include the lead 
of the auto bias resistor. 

(e) The varactor diode should be firmly fixed to the die
cast box to ensure good thermal contact. 

(f) LA is fixed lo the end wall of the diccast box by a 
spindle Jock collet, adjusted to be a light Gt with the 
tin. copper tube. 

Alignment 

The individual circuits should be adjusted for maximum 
power output at the wauted frequency, but any adjustment 
of one circuit must be accompanied by readjustment of the 
other circuits. Where maximum efficiency is required, 

r·~ 314· L3 _l 
L . :- 11a· 
~ ,._jt 

Fig. 7.40. The 70cm tripler circuit. Ll , 6 tu rna, 181.w.g., oft in. diam., 
i· In. long; Ll, 3 turns, 14 s.w.g., fi in. d iam., t In. long;. Ll, 18 s.w •• c., 
shaped a1 ahown, and spaced /, in. from L4: L~, * in. 1n o .d ., fr '!"· 
i.d. coppo,. table , 4A· in. Ions; LS, 18 s .w.a., as drO\wlna, apaced ,\ rn 

from L4. 



adjustments must be made tor optimum output whenever 
the drive power level is changed. 

When correctly adjusted, an output power of 10 watts at 
432 Mc/s should be obtained for a drive power of 
15 watts at 144 Mc/s. The spurious output should be low 
enough for the unit lo be connected directly to an aerial. 

When adjusting the coupling between the input and output 
432 Mc/s circuits and the hjgh Q circtlil, care should be 
taken lo avoid too tight coupling which would reduce the 
effectiveness of the high Q circuit as a filter. 

Fir. 7.~f. Layout of the trip I er in the diecaat box. T ho vue ctor diode 
io bolted direcdy to tho b:aoe. 

M odulation 
As mentioned earlier, it is possible to obta[n good modu

lation output when driven by an amplitude modulated 
144 Mc/s signal. The actual level of the modulation should, 
however, be restricted to 80 per cent to avoid the intro
duction or distortion. 

Although the varactor diode is called in this and similar 
applications a multiplier-in tbfa case a tripler- it docs not, 
however, function in the same manner as a valve multiplier. 
For the purpose of understanding how this " tripler " can be 
used and produce good amplitude modulat ion, it should 
instead be regarded as a parametric converter. An indica
tion of the suitability of a varactor diode to give a good audio 
modulation performance is indicated by the linearity of the 
input/output power characteristic, which in ll1e case of the 
BA Y96 is particularly good. 

O peration 
The diecast box will reach a steady-state temperature of 

40-45°C when the diode is dissipating 5 watts (15 watts 
input, 10 watts output). Ifit is intended to operate the unit at 
a higher power level, up to the maximum rating of the diode, 
it may be necessary to increase the cooling area by adding 
fins to the box in the region of the diode fixing stud. 

Conclusion 

This unit makes an attractive add-on unit to enable opera
tion on 70cm from a 144 Mc/s transmitter, for field and 
portable operation , or as a driver for a high power 70cm 
amplifier. 

A varactor can be employed as a doubler, which, although 
unsuitable for use with an existing 2m transmitter, 
dispenses with the need for an idler circuit. This configuration 
is obviously less cor':~nient, but there arc probably several 
amateur applications where the improved efficiency would be 
advantageous. 

V.H.F./U.H.F. TR.\.NSMITIERS 
H IG H POWER CAVITY AMPLIFIER FOR 430 MC/S 

Cavity Design 

The interest in using a cavity for one valve lies mainly in 
the simplicity of construction, since the cavity has no 
advantage in either efficiency or physical size over tbe 
alternative coaxial line ci rcuit. 

It may be shown that an unloaded cavity, square in shape, 
c 

has a resonant frequency equal to a\!
2 

where C = 300 x 

10• and a = length of the cavity in metres. Using this 
formula as a s tarting point, the actual cavity size when loaded 
with a valve is determined by " cut-and-try" methods. The 
cavity to be described is based on the 4X1 50A or 4X250B 
valves. Its size is fixed to resonate a t 440 Mc/s, and a trimmer 
capacitance has been added wruch allows the cavity to be 
tuned from 430 Mc/s to 440 Mc/s, Fig. 7.42. A d.c. 
blocking capacitor is fitted to the top surface of the cavity, 
and includes a spring finger assembly to make contact with 
the valve anode. An Eimac type SK-610 air system socket is 
clamped by a ring to the inside lower surface of the cavity. 
With the valve in place the cavity is then effectively between 
anode and screen (sec 7.45(d)). A loop attached to a type N 
socket is arranged to rotate within the cavity to couple 
the output feeder. 

The input circuit is a simple trough line of half-wave elec
trical length, tuned by a trimming capacitor at the end remote 
from the valve. input matching is achieved with a fabricated 
trimming capacitor in series with the input feeder. The whole 
grid circuit is conveniently housed in an Eddystone die-cast 
aluminium box, the bottom of which is fixed to the skirt o t 
the air system socket. The space between the die-cast box and 
the lower surface of the cavity is enclosed, and becomes a.n 
r.f. " dead space." Heater and d.c. screen connections to the 
valveholder arc made within this space. 

ANOOE SUPPLY 

ANODE TUNE 

INPUT I GRID CIRCUIT -
1 MATCHING SCREENING BOX 

~~~L----------<p~NP~~~--J 
RFC·--· ERIE IOOK TYPE 9 RESISTOR FULLY WOUNO WITH 20SWG 

ENAMELLED COPPER WIRE 
C •• _ IOOOpF FEEOTHROUGH CAPACITOR 

Cs. __ SCREEN BYPASS CAPACITORS - BUILT INTO VALVE SOCKET 

Fig. 7.42. Circuit dia1r:am of high power 430 Mc/o ct.vity amplifier. 
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Construction 

Fig. 7.43 shows the basic 
construclioo o f the anode cav
ity resonator, which measures 
J 3! in. square by J in. deep 
internally. The internal dimen
sions control the resonant 
frequency of the cavity, and 
this should be borne in mind if 
it is desired to replace the I in. 
x tin. brass bars speci fied by 
aluminium U section, which 
may be either fabr icated 
from sheet or extruded. The 
trimming capacitor mounting 
is placed as close as possible to 
the valve for maximum effect, 
and the output loop assembly 
is placed as near tl1c outer 
edge of the cavity as possible. 
The reason is that the voltage 
and current distribution within 
the cavity is such that the 
voltage is a maximum al the 

Fis. 7.4). Construction of tho main cavity for the hiah power 00 Mc/1 amplifier. 

centre of the cavity, where 
capacitative loading has maxi

A, B, C, D I in. x t in. bra11 ba.r1 m <lkinr the side I on E i in. diameter hole epace.d o4 in. fro m 
edre of plate with three 68.A. clear· 
ance holes equally spaced on i in. 
P. C. D. to permit fixin1 o f the trim mine 
capacitor su pport. 

wall of the cnity. 
mum cfTcct. The current is A, 8 lli In. lonr. 

14 in. lonr. Kon E 
a maximum at the outer edge c, 0 
of the cavity where inductive 

. . E F Top o.nd bottom plate• of cavity made 
loop coupling will be a maxi- ' of +r in. aluminium, 14 In. x 14 In. 

Output coupling hole I in. diameter 
spaced at It in. from edee of plat• with 
threo ~B.A. clearance holet equally 
spaced on I t in. P.C.O. mum. Figs. 7.45 (a) , (b) and (c) G on E 

show the construction of the 
vnlveholder clamp and trimm-
ing capacitor. The valvcholder 

3 in. diameter hole centrally placed 
wl tl\ six 48.A. clearance holes equally 
1paced on 4 in. P.C.O. to enable the 
d.c. blockini: upacitor to be clamped 
on the outaide of the plate. 

Hon F lt in. diameter hole centrally placed 
with 1ix 48.A. clearance hotet equally 
1paced on 3 in. P.C.O. to permit the 
vatveholder to be clamped on the 
int id e of the plate. 

clamp is shown as a complete 
ring which ensures intimate 
contact between the socket and the cavity. Jn the event of 
difficulty in fabricating th is ring, an alternati~c would be to 
use the three small clamp pieces supplied with the valvc
holdcr. Ii may be necessary, however, 10 fabricate three 
additional clamp pieces to ensure good contact around the 
periphery of the valveholder. 

The main requirement as far as the trimmiog capacitor is 
concerned is that the disc face should rotate parallel with the 
surface of the cavity. 

Fig. 7.45 (d) shows the output loop assembly which should 
be fitted to the cavity with the loop in line with the valve fo r 
maximum coupling. 

The anode capacitor plate with tin. diameter fixing holes 
to facilitate fittin g of the insulating bushes is illustrated in 
Fig. 7.46. This assembly may be simplified by using a square 
form rather than circular, but should be of the same effective 
area, e.g. 4! in. x 4l in. A recess is provided for fitting 
spring finger contacts which make connection to the anode. 
A recess on the underside is provided to locate the ceramic 
chimney, part of the air system socket. 

The insulator for the d.c. blocking capacitor and the 
insulator bushes a rc shown in Fig. 7.44. Mica was used on the 
prototype cavity, but p.1.f.e. sheet would be equally satis
factory. Similarly, the insulator bushes were p.t.f.e. on the 
prototype, but since no r.f. voltage appears across these 
bushes other materials may be used, e.g. Tufnol, Perspex 
or polystyrene. 

Fig. 7.47. shows the layout of the grid circuit within the die-

1A2 

cast aluminium box. T he grid line is fabricated from !- in. 
wide by 18 s.w.g. strip and one end is bent through a right
anglc to form one plate of tbe trimmer capacitor. The line is 
screwed to the grid connector of the air system socket with 
a short tube to space the line t in. from the bottom of the 
box, and a t in. p.t.f.e. spacer serves to support the other 
end of the line. The type N input socket is filled with a 
type N hood on the inside of the box which, in conjunction 
with a short length of 50 ohm coaxial cable, preserves the 
continuity of the input feeder to the matching capaci tor. 
The d.c. grid connection coosists of an r.f. choke and wire 
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Fis. 7.44. (a) Anode d.c. blocking cap...:itor. (b) P.T.F.E. bush. 
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CN PLATE 'E' 

Fir. 7.~6. Anode capacitor plate. 

wound resistor in series between the grid of the valve and a 
1000 pF feed-through type capacitor. 

The complete amplifier is illustrated in Fig. 7.48. The r.f. 
dead space between the cavity and the grid circuit is enclosed 
by t in. x t in. brass strip and filled with two lOOOpF feed
through capacitors for the screen and heater leads. An r.f. 
choke is fitted in the hea ter lead, and another r.f. choke with 
a 100 ohms wirewound resistor in series connected in the 
screen lead. 

Operation 
It is necessary to monitor the anode, scree11 and grid 

currents to the valve, and meters should be connected in 
circuit. A forced air supply should be connected to give a 
minimum flow of 7·5 c.f.m. through the anode cooler even 
with only the heater supply switched on. After allowing at 
least 30 seconds for the heater to warm up, the grid bias, 
anode and screen voltages should be applied, in that order. 

The grid circuit may then be tuned and matched to the 
drive source, using the an0dc current meter as an indicator. 
Due to secondary emission effects, grid current may not be 
indicated even wben full drive is applied, and may even be 
negative. In this respect it is necessary to fit a bleed resistor 
across the negative bias supply drawing approximately 20 rnA 
to stabilize the supply under negative grid current conditions. 
These remarks also apply to the screen supply. The bias 
voltage should be -80 volts and the screen voltage 250 
volts. The drive requirement is 15 to 20 watts. 

With an anode voltage of 1000 volts and current of 
150 mA, an r.f. output of approximately 75 watts may be 
obtained. 

70 cm. Coaxial Cavity 
As an alternative to the box type cavity a tubular (coaxial) 

type cavity offers a considerable space saving, but of course 
a significant amount of machine work will be needed. 

7.43 
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BRASS RlllG SOFT· SOLDERED 
ro VALV EH OLOER SKIRT EIMAC SOCKET SK610 

ANO CH IMNEY SK606 AHO SCREWED ro DIE· CA Sr BOX 

l/4" LONG 2BA STUDDING 

71s" x 1/4" 
BRASS STRIP 

l /4 DIA TRIMMER 

~~~~~~& l/a 8 SF 

- 51t6' 1/ o BRASS TUBE 'MITH 11li '#Al l 

PTFE SLEEVE TIGHT - FITTING ON BRASS 
SLUG ANO TURNED DOWN TO BE A SLIDE 
FIT INSIDE TUBE 

l/4• DIA BRASS SLUG 1/z" LONG THREADED 
Matching ........._ ZBA 'MITH SA'#· CUT ACROSS DIAMETER 
Ca pacitor FOR TRIMMER TOOL 

Fir. 7.47. Con1truction and layout of th& grid circuit for th• 430 Mc/1 
amplifier. 

Fig. 7.49 shows a genera! arraogemeot of the anode 
circuit and gives tlle mecllanical details of the various 
component parts. 

The grid circui t may be similar to that previously described 
and built into a cast box, above this a plate is mounted and 
spaced to provide the necessary space for the supply leads. 

A flange (L) is made to fi t into the lower rim of the valve 
socket skirt, this is fixed to the cast box and completely 
isolates the input and output circuits, it also provides a 
suitable ai r duct for the cooling air which must be blown up 
from tJ1e underside of the valve socket and then through the 
anode cooler. 

The valve socket is filled to an extra top plate which is 
attached to the cast box by the normal clips. 

7.44 

The anode circuit outer (A) is a11ached to the top plate by 
four eyebolts at the bottom and then the inoer tube assembly 
consisting of ilie anode line (C) is soldered or brazed to the 
inner top disc (D) which is bolted to ilie outer top disc (B) 
from which it is insulated by the p.t.f.e. washer (E). 

The fixing bolts of the two top discs are insulated from tJie 
outer top disc by p.t.f.c. bushes. 

The whole assembly is then attached to the outer tube by 
four lugs into which eyebolts at the top end of the tube 
locate. 

Tuning of the cavity is provided by disc type capacitor 
consisting of (H) and (G). The adjustable element (G) should 
be provided witJ1 some tensioning device such as a spring 
locating into the screw thread. Since there is the full b.t. 
bet\veen these two plates one of them should be covered with 
suitable insulating material to prevent possible short circuit. 

Output from the cavity is by the conventional series tuning 
loop. The loop spacing from the anode line should be 

-----------------------

ANODE CAVITY 
TUNING CAPACITOR 

I 

ANODE PLATE 
INSULA TEO FROI'! 
BODY OF CAVITY 
WITH 0·004" MICA 

H tSOA VALVE 
MOUN TED IN EIMAC 
AIR SYSTEM 
SOCKET COMPLETE 
WITH CERAMIC 
CHIMNEY 

RF OEAOSPACE 

~=~=:;:fr,===~=r::~====~~~~N~iT~~~S Hi~TER 
VALVEHOLOEI\ 

... FORCED AIR INLET TUBE 

r~--------------------, I I 
I I 
I I 
I I 
I I 
I I 
I I 

: I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L- ----- ---- ____ _____ J 

f i11. 7.48. Auemb ly or the complete 4JO Mc/s amplifier. 
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adjusted to give the maximum output, this does not need 
close coupling to the centre tube and it should be kept as far 
away as possible consistent with good efficiency. 

TRIPLERS FOR 1296 MC/S 

The choice of valves for the generation of any appreciable 
power at 1296 Mc/s is restricted almost entirely to the 2C39 
in one or other of its many variants, al though for lower 
power the DET24 is equally suitable. Semi-conductors such 
as Varactors and planar silicon power transistors that will 
give a few watts output at this frequency with good effi
ciency are available, but their high cost at the present time 
makes their use rare. 

For the valve tripler, the circuit must be either of the 
cavity or coaxial type and both are described in this chapter. 

CAVITY TYPE 

The cavity is designed for use with either a TDI-100 or 
2C39 disc seal triode, and can be driven by any 70cm trans
mitter capable of giving a few watts of output. From the 
circuit diagram of Fig. 7.50 it will be seen that the valve 
operates in the grounded grid mode, the drive being applied 
direct ly to the cathode. The 23cm output is taken from a 
loop which couples into the cavity. 

Construction 

T he cavity is constructed from 20 s.w.g. sheet brass, the 
general details of which, together with part of the assembly 
order, are shown in Fig. 7.53. Full details of the main body of 
the cavity are shown in Fig. 7.52. This is constructed by 
forming the four sides from a Oat sheet to produce an open 
box. It should be noted that the corners are not soldered. 
This permits easy movement of the grid tray which is a 
sliding fit inside the open box. lt also allows a good contact 
to be made between the grid tray and the box when the side 
fixing screws are tightened. 

The position of the grid tray in the box is the coarse 
adjustment for the anode circuit. F ine tuning is achieved by 
means of a tuning paddle which is also illustrated in Fig. 7.52. 
This consists of a tin. by j in. metal plate which is soldered 
into a slot cut into the end of a ! in. operating spindle. 

Fig. 7.SO. C ircu it of the tripler-cavity. Cl and CJ are formed by the 
anode and arid plates in tho cavity ; Cc ;and Le represent the cavity; 
LI i1 formed from thin c:opper strip, ,\- in. wide and l fT in. long 
b~nt to a .. U "shape; RFC, 2·1 in. of 20 • .w.e. e nam. copper, wound 

on -h in. diam. former. 

7.46 

11\s' GIA HOLE 10 
mu m m m or 

~"-'<"-+--+....,,,.+--~ CUllAL 

HAl£11Al : 20 SW6 
umsem 

mm 

(a) Bracket for the Bellina·Lee coaxial input socket. 

THIN wm SlllP 1-s1s=, 

r-·Jttt_ 
t~ 
I ClllN6 - LEE mmEo CGAIJAL 

(b) Aeria l coupl in1 probe. 

tnSUL 01 00£ 

l IUU S 
111• DIA 

JF.fil/f<fi¥/S;._ 112" LONG 

(c) Diode probe on a coaxial line. 

Fig. 7.51 . Details of 1ub-usemblie1. 

CO.UIAL ru ' 
TO LOU 

lHRIALI 

Output from the cavi ty is taken via the! in. inside diameter 
tube mounted directly opposite the fine tuning control. Into 
this tube slides the aerial coupling probe illustrated in 
Fig. 7.Sl.(b). It is important to ensure that the probe unit is a 
reasonably tight fit into the tube on the side of the cavity, 
and to this end, if possible, the two parts should be con
structed from telescopic tubing. Since the diameter of the 
outer tube is not critical to within h in. it is permissible to 
cut a lengthwise slot in it to allow it to be closed up slightly 
and thus ensure a tight fit round the probe. 

The anode and grid plates ate shown in Fig. 7.54 (a) and (h) 
respectively, and are quite straightforward. Careful atten
tion must be paid to the contact fingers for the valve, and it 
is important to ensure that the fi nal size is suitable for the 
particular sample of the valve being employed. The fingering 
is formed by making ! in. spaced cuts with a fine saw parl 
way across a short length of brass strip (phosphor bronze 
draught excluder is also excellent for the purpose). This 
strip is then formed into a circle, fitted to the inside of the 
hole provided and soldered into position. Small adjustments 
to the final size may be achieved by slighily bending the 
contac.t fingers. 

Polythene sheet with a thickness of 0·008 in., suitably cut 
to shape, is used as insulation between the anode plate and the 
cavity body. This has been found satisfactory for anode 
voltages up to 600 volts. 13c twecn the grid plate and the grid 
tray, a similar sheet of polythene is used. 
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on the anode plate, are filed off 
flush witb the underside of the 
plate, otherwise the polythene in
sulation will be damaged, and 
short circuits occur. 

Adjustments and Operating 
Conditions 

111'- Yz' . ,,. ~--U----kU:Vm!ll=:;:=l. Connect the 9 volt bias supply 
ll-QIM_-r-_ • i14• to the valve with a 0-50 mA meter 

t+.r I 

~· I L_: V14 

1l-'ii 

r;OL~E~~ 
4 mes 
mreo &BA 

r..~n· 

in series wi th the negative lead. 
Apply a 6 volt source, capable of 
supplying 1 amp. to the heater of 
the valve. Do not attempt to 
apply h.t. at this stage, but con
nect the anode of the valve from 
the solder tag on the anode plate 
via a 100 mA meter to the cavity 
body. 

nee ro m m1AL lf 70cm drive is applied to the 
rom1NG PROBE ~Yl· ;-4•1 cathode, grid current will flow, 

"1 __ -144 _ _;.;. __ --ttt---..:..' .J}'ii' and some anode current will show 
MATERIAL : 20 SWG BRASS SKECT -.:. on the 100 mA meter. The tnm-m ·tit n13i' mer C l and the inductance LI 

• ·.\JJ-· ·.\¥-· _ - -IH---" should be adjusted to give maxi-
1 Yz ___ • • mum grid current. This should be 

. in the region of 25 mA. The 
~6" - L-l f 1y~ earthing point on the trimmer 

-----. ------------------- _____ _,,_ may need changing to a different 
F ig. 7.52. Box cavity body. 

The coaxial input socket is mounted on the bracket shown 
in Fig. 7.51 (a), and this is held on to one side wall of the 
cavity by means of two of the screws which hold the grid 
tray in position. The lead from the coaxial socket to the 
cathode of the valve is made from thin copper strip i in. wide. 
lf copper is not available, brass may be used, so long as it is thin. 
It is important that the lead is not 
made too rigid ns otherwise there 
may be a danger of damaging the 
valve. 

position on the grid tray if in
sufficient grid current is obtained. 
Unfortunately there is a multituce 

of combinations of the capacity of C l and the inductance 
of LI which will give resonance at 70cm, but the correct ratio 
of these two is quite cri tical in erder to achieve maximum 
drive to the tripler. Once the grid current is of the correct 
order, then the meter in the anode circuit should read be
between 30 and 60 mA. 

The input inductance (sec Ll in 
Fig. 7.53) consists of a length of 
brass or copper st rip , 2fi- in. long 
by 1\ in. wide formed into a V 
with arms of equal length. With 
the base of the cavity uppermost, 
this U-shaped inductance is 
inverted and soldered at one end 
to the coaxial socket, at the other 
end to the 3-30 pF Philips 
trimmer. T he earthy side of this 
trimmer is soldered to a tag 
located under one of the two 
6B.A. screws in the corner of the u~11t~~~iA 
grid tray farthest away from the 
coaxial input socket. 

The 2·2 K ohm grid resistor 
is soldered to a tag secured 

~-, ------ ·--£t'-mmE 
j : mru cur 
~-----------

~rnu 
XU ! I 

ILU6 

GllO I UIE 

IMSUUllMG 
WASMER 

by a short 6B.A. screw to the cen-
tre of one side of the grid plate. 

ASSEMBLY Of CAVITY 
SECTIOMAL VIEW 

It is part icularly importan t that Fie . 7.53. Auembly of cavity. T he posit ion o( the valve is very i mpor~nt: i t should be placed for 
m &xi mum output, but this will affect che tun ins . Should the tunins paddle not corr"ect t he tuninc, 

this screw, and its counterpart the crid tny will need to be moved s lishtly. 

7.47 
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HAIUIAL : 20 SW6 
ams SNEE! 

IDllS ' A' - 1/1" 11A 

· A 
·$--

"I' - lllll Xe ti l·Oli• llAl WrEO 6U 

(a ) Anode plate. 

MOLES 'A' - S/11"01A 
••• - ornL No" l·DH" DIA) WtED 6U 

(b) Grid p late. 

HOLES 'A'-

~~~IAMCE r-*4 ,~~ 

IL~~~---- ----~+-n Jl IUIUIAL: 20 SWG BUSS 
SIEEI 

"O 
• DIMENSION HAY 8£ muu If mm.m SD mr GllD IRAf IS SLIOIXG m 

INSIDE 801 min BOOT. FLH6£S Of GRID llAl CAK BE StlUNG OUTWARDS 
SllGHILf. 

(c) Grid tray. 

Fis. 7.54. Con1tructional details ol anode and grid components. 

7.48 

Wbea a suitable level of grid currcat has bcea achieved, 
attention can be turned to resonating the anode cavity. For 
this it is necessary to have some means of indicating 23cm 
ou1put. One possibility is to use a 6 volt 0·04 amp. flash lamp 
bulb soldered directly to a coaxial plug. Alternatively, and 
in many respects better, a diode probe on a coaxfal line, as 
illustrated in Fig. 7.5 I {c) can be used. 

First, set the tuning paddle to an angle of 45° to the plane 
of the anode plate. Loosen slightly the four grid tray fixing 
screws and then very carefully move the position of the 
grid tray until resonance is found. Resonance will be 
denoted by a small dip in anode current. If the diode probe 
on the coaxial line is in circuit a reading will be obtained on 
the diode meter. Lock the grid tray into position, and check 
that the tuning paddle will resonate the cavity more critically. 
The anode may now be disconnected from the chassis and 
taken to a supply of about 350volts positive via an r.f.choke. 
The anode current may lie anywhere between 50-100 mA 
depending on the valve. 

Acceptable levels of modulatio11 may be achieved by 
modulating only the 70cm drive to the 23cm tripler. For 
c.w. operation, the 70cm stage can be keyed, and under 
key-up conditions, the anode current in the tripler should 
fall to zero. 

S imple 23 cm T ri p ie r 
This triplcr is based on the 2C39A triode and the use of a 

slab liae anode circuit shown in Fig. 7.55. The complete 
uni! is enclosed in a die cast box which acts as a tuned cavity. 

The normal lid of the box should be replaced by a piece 
of copper or brass lo which the screen and other components 
arc soldered . 

Construction 
The anode circuit is enclosed in a standard die cast box 

RFC2 

Ca==!==> 

HEATER HT+ 

Fie . 7.55. Circuit diasram of s impJa ll cm tripler. 

TABLE 7.13-ListofComponents 

L1 2 curns i in. wide strip~ in. diam. lencch l in. ca.chode cap l turn 
from e.~rth end. 

L1 Anodo slablino } S . 
Output couplin, loop •• Fig. 7 .56 

Cg Grid pl:itc co chassis by-pa.u capacitor} insulation 
Ca H.T. to Ch;tuis by·pass capacitor O•CJ0.<4/6 in. 
RFCI 8 turns tin. di>m. 18 s.w.g. 
RFCl 7 turns I in. diam. 22 s.w.g. 
R Value chosen to drop heater voltage to S·S volts at the v2lve 
Cl 2·6pF concentric trimmer C001/EA Mullard 
Cl Ad1ust•ble p13te, see Fig. 7.56 
Cl l-6pF concontric trimmer C00"4/EA Mull.rd 
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Output 
Coupling 
Loop 

L3 (a) 
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f HATERIAL- I/a• WIDE COPPER STRIP 

ANODE SLAB LINE 

~1/a' Anodcz Tuningt 
Capacitor c21 

S/e HATERIAL - 1• WIDE IJ/ • 
THIN COPPER STRIP .J 1

6 

~~m~s T~L~~~N ( b) 
NYLON SCREW 
FOi\ TU NI HG 

POSITION OF HT BYPASS 
CAPACITOR PLATE 

I 

POSI Tl ON __
OF C3 

V.H.F.fU.H.F. TRANSMITTERS 

POSITION OF AHOOE 
TUNINC CAPl.CITOR 

Chassis Platcz 
TO FIT DIE-CAST SOX 

(c) 

POSITION OF GR IO BYPASS 
CAPACITOR PLATE 

POSI TION OF OUTPUT 
SOCKET 

Anodcz Slab 
Li ncz L2 ·1 

Grid Bypass 
Capacitor Plate 
FIXED TO MAIN CHASSIS SY 
NYLON SCREWS ANO INSULATED 
FROM MAIA CHASSIS PLATE BY 
0.004• - 0·006" THICK 
INSULATION 

I • 

- 2· 

PHOSPHOR BRONZE FINGERING 
.--t-1-- SOLOEREO AROUND HOLE IN THE 

._.. SAHE DIRECTION AS THAT OF 
'----+--_.:....-',- THE ANODE LINE 

ii'"' •>----2-• - ---<•Ml ( (Z ) 

Fir. 7.56. Constructional details for the simple ll cm. tripler, 

measuring 4t X 3 l X 2t in. The lid is replaced by a copper or 
brass plate -fr in. thick and a V of copper or brass sheet 
soldered to the top, as shown in the illustrations. 

With a new plate it is desirable to fit angle or square bars 
along the long sides of the box, one of these can be seen in 
the photograph. 

The anode circuit is mounted fl- in. from the chassis 
plate by means of insulated spacers, the h.t. feed to 
the valve is taken through an r.f. choke and by-pass capaci
tor, consisting of a plate l l in. X i in. insulated from the 
chassis plate by mica or other suitable material, between 
0·004 and 0·006 inches thick. 

The grid which is at r.f. ground potential is connected to 
a 2 x 2 in. plate Fig. 7.56(c) bolted to, and insulated from, 
the chassis plate using nylon screws and mica insulation, 
which should be 0·004 to 0·006 in. thick. 

Tuning up 
A drive power of JO watts at 432 Mc/sis needed for full 

power operation. 
The input circuit is tuned for maximum grid current which 

should be approximately 30-40mA. 
Care should be taken to ensure that the heater voltage 

(measured at the valve terminals) docs not exceed 5·5 volts. 
The input circuit consists of a parallel tuned circuit LI, 

CI ; the cathode connection to the valve is taken from a tap 
on LI al three-quarters of a turn from the earthy end. 

HT BYPASS 
CAPAC ITOR 

CHASSI S 
PLATE 

PTFE 
INSUL ATION 

ANODE SLAB 
LINE 

DIE-CAST BO)( -- ( -- -

Fie. 7.57. Oia1ram 1howin1 po1ition of major components. 
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Contact to the anode and grid is made by phosphor 
bronze fingering ~1~ in. long soldered 10 lhc hole in the 
anode slabline and the grid plate. 

With the input circuit properly adjusted, apply h.t. and 
tune the anode ci rcuil for maximum oulput. This is best 
done using a suitable oulput indicator. 

Applied Ju. in the range 250-450 volls at up to 50 watts 
input may be used, with forced air cooling. J\t 1his power 
level cooling air may be passed through sides of the die cast 
box. Any holes for I his purpose should be covered with fine 
wire gauze to avoid disturbing the r.f. field wilhin the box 
(cavity). 

Sufficient oulput can be obtained from lhis tripler for 
local contacts by simply earthing the h.t. lead io chassis. 

General view of :i completed 1l cm. triplor. 

A V.F.O . FOR 144 MC/S 

The v.f.o. to be described is designed to take the place of 
a crystal oscillator in a transmitter. The fundamental fre
quency may be varied between 72 and 73 Mc/s, thus enabling 
transmission to iake place anywhere in the 144-146 Mc/s 
band. The high fundamental frequency of the oscillator 
ensures that no harmonics fa ll within the television or f.m. 
bands. 

The circuit employed is the Kal ilron (sec Chapter 5-
V.H.F./ U.H.F. Receil•ers), lhc valve being a J 2J\T7 twin triode 
with capacity feedback from each anode to the grid of the 
opposile section as shown in Fig. 7.58. Dclails of the layout 
are given in Fig. 7.59. The sections are held togelher with 
PK self-tapping screws. 

The tuned circuit consis1s of a hairpin shaped loop of 
JO s.w.g. wire, preferably silver plated, measuring 5! in. long 
with a spacing of I in. between lhe 1wo straight sides. The 
Inst inch is bent down at righ t angles to the res t of the line 
and the ends are connected direclly to the two anode tags 
of the valveholdcr which should have p.t.f.c. insula1ion. 
The opposite end of 1he line is supported by RI from the 
fcedthrougb bypass capacitor C2 which forms the connection 
for the 150 volt s1abilizcd anode supply. The split-stator 
tuning capacitor is connected midway along the line, band-
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Fis. 7.58. The circuit diacram of the Kali tro n oscillator. 

setting being carried out by means of C3 a 3- 30 pF con
centric trinm1er soldered across the line close to the con
nections to the valve anodes. 

The output from the oscillator is taken by means of a loop 
of 10 s.w.g. wire 2 in. long and 1 in. wide coupled inductively 
to the low potential end of the line and situated ~ in. from it. 
One end of the loop is soldered to the centre connection of 
the coaxial socket and the other to a tag under one of the 
screws securing the socket to the end plate of the box. 

C2 

(c) 
--i ,. 

I 
lf~"~=====~-_:i: 
14--- --2'':...---• ..Ji 

COUPL ING 
LOOP 

Fis. 7.59. Layout of component.t in tha Katitron oscill,.tor. 



The circuit diagram or a 
suitable buffer amplifier for 
use wiU1 th is v.f.o. giving 
sufficient output at 72 Mc/s 
to drive a 5763 doubler stage 
to 2 mA grid current is shown 
in Fig. 7.60. The original 
amplifier employed Mullard 
type EF50 valves but equiva
lent minaiture valves such as 
the EF91 or 6AM6 may be 
substituted if desired. A fre
quency range of ± JOO kc/s 
on the 2m band may be ob
tained without having to 
retune the buffer amplifier. 

C3 
IOOOpF; 

R4 
20KO 

V.H.F./U.H.F. TRANSMITTERS 

R7 
ce 1Kn 

IOOOJjooopF pF 
FT C6 

C7 
-= 2Sp 

HT+ 

1000 
pF 

csc 

HT-

The stability of the oscilla
tor is such that after drifting 
approximately 25 kc/s lower 
in frequency d uring the first 
seven minutes after switching 
on, the frequency remains 
constant within half a kilo
cycle over a period of several 
hours. 

Fig. 7.60. Circ uit diagram of a suita.ble buffe r amplifier. The oscilla.tor is conn&c.tGd to this unit by 
:t. ! hort lenat~ of coax~a.I ~ble. ~ t , 6 tur~! +• ins ide diameter.~"' long, Ll S.tu rns l'"' inside diameter 
it long. LJ 51 turns i 1n$1de diameter 2 long. all wound with 18 swg tt n ncd copper w; r~. Lt A , 

LJA each one turn 16 swg enam elled coppe r wire. 

V.H.F. DUMMY LOAD 

A simple dummy load is useful in carry ing out non
radiating tests with transmitters, and also for the setting up of 
refiectometers, where a termina tion having a negligible 
reactive component is essential. 

The physical form of a 25 watt dummy load is shown in the 
photograph and is that of a hollow tube with an inner rod down 
the centre ; thus it resembles a short length of coaxial line, 
and its characteristic impedance is determined by the 
radii of the in ner and outer conductors in a similar 
manner. One end of the line is closed with a disc of 
copper, the other is fitted with a suitable coaxial con
nector. The power applied to the load is dissipated as heat 
in the outer conductor of the line, and is radiated to the 
surrounding air more readily than if the inner conductor 
were the dissipative clement. This is important because the 
resistive component of the load is dependent upon its tem
perature, decreasing as the 1emperature is ra ised. Where it is 
essential to have a known accurate termination it is desirable 
therefore that the input to the load should not be sufficient to 
raise its temperature appreciably. 

A 15 watt dummy load for 145 Mc/s. 

T he dimensions of the coaxial line arc determined by 
those of the Morganite type 702 tubular carbon resistor 
which forms the ourer conductor. The resistor used had an 
overall le1\gth of 150 mm. wirh inner and outer diameters of 
15 nun . and 25 mm. respectively. The outer cylindrical sur
face is plated for a distance of I in. from each end to assis t in 
making electrical contacts to the resistor. The diameter of 
the inner conductor is calculated from the formula Zo = 138 
log,0 D/d (where D = inner d iameter of ou ter conductor, 
and d = overall diameter of inner conductor) and in this 
instance was found to be 4·67 mm. (approximately fil in.) 
for a 70 ohm load. The length of the inner conduc1o r is made 
sufficient for it to project through a suitably sized hole in the 
centre of the shor! circui tin g disc when assembled, so that it 
can be soldered up as the fina l assembly operation. 

Connection to the outer conductor is made by means 
of a I in. diameter capacitor clip which in turn is screwed 
to a 2 in. square by t in. thick brass plate referred to as the 
mounting p late. On the other side of lhe mounting plate is 
the Amphenol socket used to make the external circuit con
nections. The inner of ll1c Amphenol connector is soldered 
to one end of ll1e inner conductor of the line, which is fi rst 
drilled and slotted fo r a clislancc of t in. to facili tate this 
operation. It was found necessary to interpose a spacing 
plate between the mounting Oange of the Amphenol socket 
and the mounting plate to ensure that the end of the tubular 
resistor sea ted squarely without fouling lhe back of the 
socket. This may not be necessary wi th Amphenol sockets of 
American manufaclure. 

The short circuiting disc is soldered to the free end of the 
resistor using the mounting cars which arc bent over so 
that U1ey lie over the cylindrical plated area of the resistor. 
A very hot iron is required for this operation to ensure that 
the solder flows freely. It is not desirable to go over it more 
than once because the plating on the carbon wi ll tend to 
lift off. 

Exact details of the various components are not given as 
tJ1e individua.l constructor may wish to vary the design 
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somewhat to suit his own require
ments. 

R.F. Output Indicators 
For various reasons, such as 

circuit out of balance both inside 
and out of the amplifier, there is 
often a signjficantly different tuning 
for the minimum dip of the 
anode current and the maximum 
r.f. output. 

4·7K 

It is therefore desirable to pro
vide a reliable means o f indicating 
direct r.f. output ; this can most 
simply be done by using a simple 
semiconductor diode voltmeter such 
as that shown in Fig. 7.61, con
nected across the output socket. 
There is no need for the meter to be 
calibrated, all that is necessary is to 

Fir. 7.6l. Circui t diaenom of a va.riable-freque ncy cryotal ood llator. 

to tune for maximum indication. 
The actual values of R, and Rt are not important but their 

total resistance should be high compared with the output line 
impedance, a value of approximately !OK (total) is suitable 
with the ratio of R , to R, between 5 to I and 10 to 1, the 
precise values will largely depend on the full scale current of 
the meter. 

M IOOOpf 

OUTPUT 
SOCKET 

RI 

R2 

Fie. 7.61. Simple uml...:onductor r.r. voltmeter. 

Alternatively if a rcflectometer is available, it should be 
kept permanently in circuit and when set to read forward 
power it will also provide tl1e necessary r.f. indication for 
the correct transmitter tuning. 

Variable Frequency Crysta l Oscillator (VXO) 

With the increased activity on the 70, 144 and 432 Mc/s 
bands, particularly under good propagation conditions, the 
need for frequency change becomes almost essential. Jt 
would be possible to follow the h.f. band practice of using a 
single frequency for contact between stations and operating 
a v.f.o. to cover the frequency range of the band, but con
siderable difficulty could be experienced in the construction 
of a suitably stable oscillator. A reliable alternative which 
is becoming more common, is to use the v.x.o. method of 
providing a stable but adjustable frequency source. 

In this method, ihe crystal frequency is pulled from its 
normal frequency by introducing a series inductance, the 
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T ABLE 7.14-List of Compone nts 

CI 1 OOpF + I OOpf split•.sn tor 
Cl ~SOpF 
LI 16- H µ H 
Ll l4-35µH 
VI 6AKS or similar 
V2V3 6U8 or similar 
L3 21T 24 s.w.g. O·S in. diometer 32 t.p.i. 
L~ 3T 24 s.w.g. O·S in. diameter 3l t.p.i. opaced 1T from L3 

value of which will depend on the crystal and the range of 
frequencies over which it is required to tune. With 6 or 
8 Mc/s crystals a frequency range of about 100 and 200 kc/s 
at operating frequencies of 70 and 144 Mc/s respectively 
can be obtained. A typical circuit is shown in Fig. 7.62. 

lo the circuit, Ll is adjusted to give the required frequency 
cba.nge without introducing instability and L2 should be 
tuned to the centre of the frequency range at the fundamental 
frequency. V3 operates as a multiplier and the tuned circuit 
C2, L3 is set to the third harmonic of th e crystal frequency, 
such as 18 or 24 Mc/s depending on the crystal in use. 

COMPO NENT TOLERANCES 

When testing any of the transmitters made in accordance 
with the instructions given in this chapter, the current 
readings obtained may differ from those quoted in the 
various tables, which should be regarded as average values. 
lf the results obtained differ widely from those given, some 
experimentation in the value of components, part icularly 
resistors, is advised . This does not indicate a fault in the 
design of the equipment but may be necessary in view of 
the manufacturing tolerances of the components used. It 
must be borne in mind that the transmitters are " one off" 
prototypes, and component values were selected for them 
which gave satisfactory results in the equipment described; 
it is thus possible that, in some instances, all components 
having favourable tolerances have been used. In general 
resistors of ± 20 per cent tolerance were incorporated. 



C H APT ER 8 

KEYING AND BREAK-IN 

TO impress intelligence on a carrier wave, it must undergo 
a process of modulation, and the simplest way of 

accomplishing this is on/off keying of a transmitter. This 
necessitates encoding the information in the form of specific 
trains of pulses of different lengths, to represent each charac
ter, the usual system being the Morse code. The only method 
of keying the transmitter to be discussed in this chapter 
consists of changing the amplitude of the carrier ; an alter
native method, known as frequency shift keying, is to vary 
the frequency, but this offers very little advantage for normal 
Morse communication purposes, and is usually applied 
solely to operating teleprinters. This subject is considered 
in Chapter I J. 

The bandwidth required by a properly keyed signal is 
small, and should be directly related to the speed of sending 
involved. The optimum condition is not always easily 
attained, however, and the result of a maladjusted keying 
system is usually the radiation of clicks and other useless 
emissions over the whole of one or more frequency bands. 
It is also possible to obtain the opposite effect, however, 
through an attempt to avoid harmful keying transients; the 
result of this condition is to produce a very" soft " character
istic which will prevent the reading of Morse signals at high 
speeds. 

The Baud and Keying Weight 

The rate of transmission of telegraph signals is measured 
in bauds, one baud being equivalent to the transmission of 
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Fie. 8.t. Graph showine dot lengths for a ranre of t ran1ml11ion 
speedt. Once the de1ia:n figure of the maximum s peed of 1ending 
for a t ,ran1mitter h~• been decided, thi,s graph should be reforrcd 
to for help in c hoo• ln1 keyinr relays and key-click filter circuits. 

intelligence at the rate of 1 Morse Code dot per second. 
More commonly, code speed is measured in words per 
minute or w.p.m. The relation between w.p.m. and trans
mission speed in bauds is given by n {w.p.m.)=52n/60 baud. 
In establishing the equality, the assumption is made that 
(a) the average durat.ion of signals per Morse character is 
equivalent to 9 dots, (b) the average English word contains 
5 characters or letters and (c) each space between words is 
equivalent to 7 dots. It also follows that the duration of a 
dot, t, is given by t = 1154/n milliseconds. 

The standard Morse code (International Telegraph Code 
No. 1) dictates that a space between characters of a letter 
shall also be one baud, that the length of a dash and the 
interval between letters shall be three bauds, and a space 
between words seven bauds. Fig. 8.1, showing the length of 
a dot or baud for a range of transmission speeds, should be 
used for reference when a keying waveform is being tailored, 
because it is important to provide the correct amount of 
softening in relation to the upper speed which is to be used: 
the rise or decay time should not exceed about one sixth of 
a unit length at the highest speed, so that at 24 words per 
minute, or 20 bauds per second, such times should not 
exceed 8 milliseconds. 

If a signal has its dots or dashes too long with respect to 
the spaces between them, it is said to be weighted. This term 
is used particularly in connection with keying relays, as a 
slow component would clip the dots of a transmission unless 
some weight is added to the switching pulses to compensate 
for it. 

KEYING CHARACTERISTICS 

There are two main components which affect keying 
characteristics: envelope shape and frequency stability. 
Any keying trouble such as key clicks, ripple, chirp and 
spacer-waves which are being discussed here, can be attributed 
to a fault condition in either or both of these components. 

Envelope Shape 

Tbe envelope of a keyed signal is tho outline of the pattern 
that the signal would display on an oscilloscope. It can be 
observed by feeding the keyed r.f. signal on to the Y plate& 
or vertical amplifier of a slow-scan oscilloscope, and setting 
the timebase in synchronism with the keying speed. The 
transmitter is best keyed by an automatic device producing 
a regular sequence of dots or dashes so as to obtain a steady 
display. 

In general, if no precautions are taken, the pattern will be 
square and sharp, or " hard," and will radiate clicks over a 
wide range of frequencies. The rise and decay times of the 
carrier must therefore be lengthened until the clicks are no 
longer objectionable, but without impairing the intelligibility 
at high speed. This requires rise and decay times of 5 to 20 
milliseconds, and the methods of achieving this will be 
described in the sections on different keying systems. 
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Key filter circuits rely for their operation on the time 
constant of a CR (or LCR) circuit. The time constant (I = 
CR) of such a circuit is the time iaken for the voltage across 

1 
the capacitor to fall (O a fraction of its full value given bye 

(about 
2

.
1
7

), not to zero. Theoret ically the voltage would 

never reach zero, but for all practical purposes, it may be 
regarded as such after a period of 3CR milliseconds (C in 
microfarads, R in kilohms). Thus if a decay-time of 6 mS 
is required, the circuit time const:u1i should be about 2 mS. 
The situation is not always so simple; for example, if the 
p.a. has a grid-block keying system providing a blocking 
bias of - 300 volts where 150 volts would be sufficient to 
reach cut-off, the p.a. will have ceased to conduct well before 
a time 3CR. This is a good reason for designing key fil ters 
experimentally. 

The characteristics of the p.a. power supply may contri
bute to the envelope shape, as the vol tage from a power unit 
with poor regulation will drop quickly each lime the key is 
closed. and rise when it is released. This can lead to the 
shape in Fig. 8.2(d). This effect is not necessarily undesirable, 
but it can be lessened by use of a choke-input fi lter in the p.a. 
supply. 

(a) 

(b) 

(c) 

(d) 

f ig. 8.2. Keying envelope charactcri1 tics. (a) Cl ick at make and 
bruk: (b) Click at make, with cl ick at break 1uppreued ; (c) Ideal 
envelope with no key clicks; (d) Effect on keyinc envelope of poor 

power supply reaulation. 

Ripple can be caused by r.f. feedback, but poor power 
uni t filters are generally responsible. If r ipple is present on 
the p.a. supply, the carrier will be ampli tude modulated at 
the ripple frequency, whereas on the oscillator h.t. line it 
would probably cause both frequency and amplitude 
modulat ion. Clipping a large clec1roly1ic capacitor on to 
various points in the transmitter will invariably indicate the 
necessary treatment. 

R.F. Clicks 

Although clicks caused by a hard keying envelope are 
radiated with the signal, local interference may be caused by 
r.f. clicks from spar ks at the key contacts, particularly if an 
appreciable current is keyed in an inductive circuit. This 
interference is usually removed by connecting a capacitor 
(typically 0·005,,F) dircc1ly across !he key or keying relay 
contacts (see Fig. 8.3), and in severe cases by also inserting 
an r.f. choke (1 or 2 mH) in the live keying lead. The effective
ness of such treatment is judged by listening to the station 
receiver tuned to a frequency well removed from the 
transmitter frequency. 
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Fir. 8.3. Circuits for suppression of interference caused by arcin1 
a t the key contaccs. The r.f . choke will be necessary only in s evere 
cases. The 0·005 LJ.f capacitor must be mount ed directly ac.rou the 
key contacts. If an r.f. choke is used, it m ust b e able to withstand 
the current flowine in the ke yed circuit: in the case of cath ode 
keying of a hish power sta&e , this may be con.side.rable, bu t then a 
hich current choke is de:1irable to that a m inimum of resi1unc.e is 

added to the cathode circuit. 

Some semi-automatic " bug " keys and keyin g relays tend 
to give more trouble with clicks than band keys because of 
contact bounce or mis-shapen contacts or both: with bug 
keys contact bounce can often be prevented by adjusting the 
position of the moving dot contact so that only about one
quarter of the contact surfaces are in use, and by mounting a 
small block of foam rubber inside the dot contact U-spring 
(see Fig. 8.4). 

Worn, pitted or dirty contacts arc obviously undesirable, 
but great care should be exercised in treating them. Only a 
burnishing fi le should be used- anything rougher would 
leave a burred surface which would only cause further 
trouble. 

In some transmitter designs, the power amplifier is clamp
tube controlled and an earl ier stage keyed. If the p.a. is 
operated in class C, it is capable of sharpening a softened 
signal from the buffer stage, thereby reintroducing clicks on 
the radiated signal. This is one reason for using sequential 
keying of more than one stage. The p .a. may also be triggered 
into low-frequency parasitic oscillations, again causing 
clicks. This is usually due to poor choice of r.f. chokes in the 
p.a. grid and anode circuits. 

. ~~--;,OAM RUBBE~ 
CONTACT MOVED ~ 
TO LEFT ~ 

Fie. 8.'4. Method of reducin1 conuct bounce from "buc " key dot 
contact•. Note the d isplaeemeht of the two cont:acu. 

Chirp 

Chirp is a form of frequency instability occurring each 
time the transmitter is keyed, and is recognised by a change 
in beat frequency at the beginning and end of each character 
when the signal is monitored on a receiver. A signal wi th 
chirp is undesirable, as it is less pleasant to copy, and is not 
suitable for reception by narrow-bandwidth receivers. It 
is usua lly more prevalent in transmitters controlled by a v.f.o., 
and there are three principal causes, which are: 
(a) D.C. Instability 

D .c. instability occurs when a common power supply is 
used for the oscillator and the p.a. (or any circuit through 



which the current changes in sympathy with keying). No 
osciUator exhibits absolute stability under varying h.t. 
condit ions, and therefore a voltage regulator should be 
incorporated in the oscillator h.t. line to reduce the chirp or 
perhaps remove it completely. A separate oscillator power 
supply might be needed to cure a difficult case, but improving 
the regulation of the common power unit and redesigning 
the oscillator to be less dependent on supply voltage variations 
should generally suffice. 
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Fir . 8.5. v .r.o. a nd cathode followe r d esicned t o be stable agai nst 
h.t . vo ltage and load fluctuations. T he choice of compone nts fo r 
the tun ed circuits obviously depen ds on t.he opera t inc frequ ency, 
and alieht temper~ture compon1ation w ill generally be needed. 

(b) Pulling 
Pulling refers to the e!Tcct on the oscillator frequency of 

one or more subsequent stages whose operating C-01\ditions 
change during the keying cycle. It can be expected if the 
stage following the oscillator draws grid current (as would 
a class C buffer o r doubler), or if the early stages of the 
transmitter are tightly coupled. Jf the oscillator is on the 
same frequency as the p.a., i.e. where no frequency multi
plying or mixing is used, the likelihood of pulling is increased. 
Yet another cause is a fluctuating load on the oscillator 
owing to changes in the input impedance of a later stage. 

P ull ing can invariably be treated by improving the isola
tion of the oscillator, and a cathode follower is highly 
recommended for th is. The oscillator should be loosely 
coupled to it through a 30 pF capacitor, and by careful 
design it should be possible to produce a unit whose output 
can be short-circuited wi thout shifting the frequency by 
more than a few cycles. Jlig. 8.5 shows a circui t combining a 
stable oscillator with a cathode follower. 

It may be simpler to replace the frequency-determining 
components in the oscillator with values to halve the origina l 
operating frequency and to use a subsequent stage as a 
doubler. T his may, however, reduce the drive to the p.a. to 
such an extent that a further buffer stage would be necessary. 
(c) R.F. Fcctlback 

RJ. feedback is a stray signal leaking back from a high
lcvcl stage to a previous stage, particularly a variable fre
quency oscillator. I t may have an appreciable effect on the 
frequency of oscillation, depending on its strength and phase. 
The presence of feedback may be verified by noting the 
pulling which occurs on tuning the output circuits of the 
keyed stage through resonance. The feedback path may be 
either internal, by virtue of valve capacitances, or external, 
because of poor constructional layout. 

KEYING AND BREAK-IN 

Internal feedback may be treated by the methods outlined 
for pull ing; isolation of the oscillator is of great importance. 
External feedback is only discovered after a transmi tter has 
been built, a nd the commonest cause is the p.a. valve and 
circuitry being close to the oscillator section, owing to in-line 
layout not being adopted . Here also, pull ing is most likely 
to occur when the p.a. runs on the same frequency as the 
oscillator, and the cure is either to resort to doubling, as 
before, or to screen both p.a. and oscillator. Sometimes it is 
sufficient to mount a metal plate between the two circuits. 

It is recommended that any long leads carrying r .f. 
currents or voltages near the oscilla tor be screened. In 
addition, the h.t. line must be bypassed to r.f. by means or 
series resistance and shunt capacitance. 

Spacer-Waves or Backwaves 

The spacer wave is the small signal often radiated durin!I 
key-up conditions. lt is common for the spacer wave to be 
audible in the station receiver, but this does not mean that it 
is radiated far. If an appreciable spacer wave is radiated, it 
would make a signal difficu lt to copy. 

Ca uses arc (i) the keyed transmitter stage not being com
pletely cut o!T, and (ii) leakage of r.f. through the p.a. valve 
capacitance. 

T he first is often due to insufficient negative bias being 
applied in grid-block or screen-grid keying. If drive is applied 
to the p.a. continuously, the bias required for cut-off during 
key-up conditions will be the static value obtained from data 
plus the peak value of the drive voltage, which is consider
able. In a cathode-keying system, a leaky capacitor in the 
keying filter may cause a spacer wave. 

The second cause obviously worsens as tbe grid-to-anode 
capacity of the p.a. valve increases: it is in general more 
severe with larger valves, and considerably worse wi th 
triodes than pentodes. It may be cured either by neutralizing 
the stage in question or by keying more than one stage. 

KEYING METHODS 

T here arc many possible methods of keying, and the 
choice is largely one of pract ical convenience, persona l 
preference and, particularly in break-in systems, suitability 
to the station as a whole. The important requirements of the 
system adopted are avoidance of the troubles outlined in the 
previous section, and the operation of all valves in the cor
rect regions of their characteristics. 

Almost any stage in the transmitter may be keyed, but 
there arc good reasons for keying the final power amplifier 
rather than an earlier stage. For instance, if the oscillator 
is keyed, the requirements of a short time-constant to reduce 
chirp and a long time-constant to eliminate clicks conflict. 
lf any stage before the p.a. is keyed, with softening, the 
p.a. may harden the keying, as described earlier in connec
tion with key clicks. Cn some cases it is useful to key more 
than one stage sequentially, and this is covered in the section 
on break-in. 

When keying the p.a. of a transmitter designed for anode 
modulated telephony it is necessary to short-circuit or remove 
the modulation transformer. If this is not done, there is the 
risk or damaging this component with the very high vollages 
which may appear across its windings when the anode 
current of the keyed stage is switched . There is also a 
possibility of generating clicks owing to the transformer 
"ringing." 
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If, in an anode modulation system, the modulator output 
valves are fed by the same h.t. supply as the p.a. , switching 
from one mode to the other may be achieved with a single 
pole change-over switch (see Fig. 8.6). 

TO MODULATOR 
------vll/\K,._...,..__.~ PRE· AMPLIFIER 

PHONE 
CW 

MODULATION ·TO PUSH PULL 
TRANSFORMER MODULATOR 

OUTPUT VALVES 

Fis . 8.6. Circuit usinc a ainale switch to protect tho modulat·ion 
tran1formerofan a.m./c.w. tran1mitter2nd to control the modulator 

h.t. supply. 

Power Transformer Keying 

This is a method rarely used today, owing to many 
disadvantages. Use of a keying relay is imperntivc, and it is 
suited only to very slow keying speeds. 

H.T. Supply Keying 

A neglected but very reliable method, corresponding to 
anode modulation in a telephony transmitter (or anode-ru1d
screen modulation if a tetrode or pentode is used), is to key 
the b.t. supply to the p.a. stage. Jn the circuit shown in 
Fig. 8.7 a filter (L, C, R) is incorporated to produce the 
desired shape of keying envelope. For reasons of safety, 
this method usually requires the use of a keying relay. 

KEYING RELAY 

~ 
v 

1oon O·OOI 
JJF 

RF BY· PASS 

Fi1. 8.7. H .T. supply keyine. Sec text for value• o( L, C, and R. An 
r.f. filter is connected across the keyin1 relay contact<1 to iuppreu 

local click" 
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Cathode Keying 

One of the most popular systems of keying is to insert the 
key in the cathode lead of one or more stages, often the p.a. 
alone. It bas, however, three disadvantages. 

(a) Unless precautions are taken, the cathode potential 
tends to float when the key is open and may rise to such a 
value that there is a serious danger of breakdown of the 
heater/cathode insulation oftbc valve. To avoid this excessive 
potential difference a resistor not exceeding 0·25 Megohm 
should be connected between the cathode and the heater. If 
drive is applied to the valve when the key is open, the cathodc
to-heatcr voltage will rise to the sum of the cut-off bias and 
the peak positive drive voltage, and it is therefore desirable 
to avoid any unnecessary rise by ensuring that the driver 
stage has good output voltage regulat ion. If directly heated 
valves are used, a separate beater winding will be needed for 
the keyed valve, and unless a limiting resistance equivalent 
to RI in Fig. 8.8 is included, there may be quite high voltages 
developed across the key. 

(b) Cathode keying is contrary to the practice, particularly 
in high level amplifiers, of avoiding any impedance in the 
cathode lead, as this is an accepted cause of parasitic 
oscillations. It is widely recommended, especially for v.h.f. 
transmitters, that a short and substantial copper plate be 

Fla. 8.8. Cathode keyina. The rise time i1 determined by L, a low
rosistance choko of 1 to 5 Henry1. The decay time is determined 
by Cl which can have a value of 0·5 t<> l·O µF. R1 is a safety r e1i1tor, 

and should not be more than O·lS M ohm•. 

soldered between the cathode connection and chassis. If 
cathode keying must be used in any stage handling appre
ciable r.f. currents, the ke)'ing lead must be bypassed to r.f. 
at the cathode pin. About four l1igh-grade capacitors, 
typically 0·01 ,.,F each, with low internal inductance, should 
be used in parallel. 

(c) As the cathode circuit of a p.a. valve carries a high 
current, any key-click filter must include a series inductor, 
which will add its internal resistance to the cathode circuit 
thus introducing an unwanted additional bias. The operating 
conditions should be adjusted to allow for this. 

The optimum component values of the click filter circuit 
depend partly on the magnitude of the cathode current and 
arc best found by experiment. When the key is depressed, 
capacitor Cl is short-circuited through the key (the re
sistance R2 being included to limit the discharge current 
to a reasonable value) and ihe capacitor therefore plays no 
part in determining the rise-time of the carrier. Thus the 
first step is to choose a suitable inductance value to give an 
acceptable" make." The value of Cl may then be altered to 
give the desired decay time, or " break " characteristic. 



G rid-Block Keying 

This system overcomes all three of the problems associated 
with cathode keying and is a very satisfactory method. It 
docs, however, require a negative supply of up to -250 
volts. 

+ 
200V 

IW 

Fig. 8.9. Grid block keyinc. Tho rui1tor R has the normal bias 
valu e, and t he keyina envolopo is determined mainly by the ti m e 
con1tant of R a nd C. T he product of R (in k ohms) and C (in m icr o
fara d•) 1hould be about $. The biaa supply ahould be capa ble o f 
1upplyln1 4 m A in the key-down condition and should have an 

ope n-circuit output of about 200 vo lts. 

If a sufficiently large negat ive bias is applied to the control 
grid of a p.a. or other stage, no cathode current will How 
even in the presence of drive voltage. For most tetrode or 
pentode power amplifiers a bias of about 200 volts will be 
found adequate: for oscillators and other low-level stages, 
50 volts or less is sufficient. As there is usually little or no 
grid current flowing in the stages to be keyed, this method 
lends itself to key-click filters using R and C components 
only. A suitable circuit is shown in Fig. 8.9. The capacitor 
C is not only part of the softening circuit, but also serves to 
decouple any r .f. remaining at the ea rt by end of the r.f. choke. 
It should therefore be mounted near the keyed valve, 
particularly if it is an oscillator. 

j :3Kc:V 
IOW 

._ ...... \IV'./'>/\,......~~~ 

1Alw 
4 7on 

JSO KO 
IW 

Fig. 8.10. Screen-1rid keyinr. T he values shown are suitable for a 
valve of the 807 c lan but may vary w id•ly. Rt w ill be somewh~t 
lower than would be required if it w e.re a simple se.rie.t d ropper 
ruiltor. The capaci tor C 1 is cho sen to cive suitable hardneu to 
the keyins: a typical value is 0·25 µ F. C2 ia die r.f. bypass capacito r . 

KEYING AND BREAK-IN 

ln the circuit shown the voltage across the key contacts 
wiU rise to 200 volts with the key up, but the impedance is 
high enough to prevent dangerous currents from flowing 
through the operator, and a hand key may be safely used. 
The voltage must not be allowed to exceed the specified 
maximum d.c. negative control-grid potential, or there is 
a danger of Hashover, particularly in high-slope valves. 

Grid-block keying is easily applied to several stages 
simultaneously, each of them having individual hardness 
characteristics. By adding a circuit to invert the switching 
of the blocking bias, the receiver muting may be controlled 
by a similar system operating on the a.g.c. line. This is 
discussed further in the section devoted to break-in. 

Screen G rid Keying 
Screen grid keying permits a p.a. of reasonable power to 

be keyed with contacts and fi lter components of low power 
rating. In its simplest form the method consists of breaking 
the posit ive Sllpply line to the s;creeo, but most pentodes and 

HT+ REGULATED 

47K -

220K ~R TO RECEIVER 
-----:• .. - ---)'-MUTING CIRCUIT 

4GOV PIV 

Fie. 8.11. Sim ple circuit for obtalnlnr differenti al keying of both 
oscillator and driver or p.a. u1ln1 back and front contacts of t he key. 
For full break-in operation, the receiver also may be controll ed by 
the back contacts in the manne r 1hown late r In Fir. 8.33, but diode 
CR mu1t be included to prevent the receiver mutin1 circuit from 
reducinc the v.f.o. 1creen voltal•· Thia method cannot be used 
with .. bus " keys or many type • of el·bua unle11 a faat k•yin1 relay 

is used to carry out the 1witchin1 func-tion1. 

tetrodes do not completely cease to conduct when the screen 
is isolated and it is usually necessary to apply a negative bias 
of the order of 20 to 50 volts in the key-up condition to 
eliminate the spacer-wave. The bias may be derived from 
a battery or a separate bias unit. 

A typical screen grid keying circuit suitable for valves 
similar to the 807 is shown in Fig. 8.10. It may be worth 
noting that this arrangement causes the " make " to be 
harder than the "break," although a measure of such 
disparity is often favoured. 

Jo a differential keying system, involving the transmitter 
oscillator, screen grid keying of the oscillator is recommended, 
as a negative supply is unnecessary. This is particularly 
suited to control by the back contacts of the key, as shown 
in Fig. 8.11. 

Suppressor Gr id Keying 
The output from a pentode amplifier may be reduced to 

zero by the application of a sufficiently high negative voltage 
to the suppressor grid, but this is seldom used as a method 
of keying. When the suppressor is biased to cut-off the 
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anode current, heavy screen-grid current will flow and the 
screen dissipation may be exceeded. Moreover, the sup
pressor potential is a very insensitive form of control in most 
pentodes, and the keying vollage required is therefore large. 

The Application of Keying Methods 

In a transmitte r no t including break-in circuits, it is usual 
to apply keying in one of two wa}'S. E ither the master 
oscilla tor and o ther low-level stages function continuously 
and the p.a. is contro lled, o r the osci llator and power ampli
fier arc left on while an intermediate stage is keyed. The 
latter system has the advantage that low-level stages are 

HT+ 

R2 

0·01 

Fig. 8.12. Method of clamp-controll ing t he p.a. with a relay, wh ich 
must be a hieh-s peed type ;is it opcr:itcs at keying speed.s. Its 
resistan ce is unimportant provided th3t it will function solid ly on 
the normal grid current of the p.a . T he value of R1 must be such 
that when added to the relay coil resistance, the rated grid leak 
resistance ls obtained . The value of Rl will depe nd very much on 
the p.a. valve used and the h.t. supply voltage: its power ,.a.ting 
must allow for the dissipation during long pc,.iods in the. key .. up 
condition, a lthoueh this can be redu ced by introducing a ,.esistor 
to the circuit from screc.n to earth. This need only be sufficiently 
low to hold the p.a. anode and screen currents to safe values. 

easier to key properly, but most class C p.a. stages would 
need to be protected in some way under key-up conditions. 

There are several ways of doing this, which are: 
(a) A clamp tube may be added to the screen grid circuit 

of the p.a. 
(b) An equivalent system using a relay operated by the 

p.a. grid current may be used, and a suitable circuj( to do 
this is shown in Fig. 8.12; 

(c) The p.a. can be operated in a linear mode, such as 
class B or AB, where its operating conditions are such that it 
passes safe currents, within the valve diss ipation limits, when 
drive is absent. A lthough the p.a. clTic iency would be 
lowered, harmonic output would be much reduced. 

There is li ttle advantage in keying the master oscillator of 
a transmitter, unless break-in operation is envisaged. Indeed, 
satisfacto ry oscillator keying is not easily achieved, and the 
system should be avoided wherever possible. 

Keying Relays 

Jn many systems, the voltages in the part of the circuit 
where the key is connected rtrc low enough to preclude any 
possibility of shock to the operato r, but if the voltages are 
higher than about 150 volts, o r prcf'crably 75 vol ts, a keying 
re lay is recommended. Such a re lay should be of robust 
construction, rapid in operation, and its contacts and 
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insulation must be adequate for the current and voltages in 
the keyed circuit. 1t should also be reasonably silent; if 
necessary a noisy relay can be quietened by mounting it on 
a sheet of rubber o r a pad of foamed plastic. 

K eying relays are particularly useful where several circuits 
arc keyed s imultaneously, but it is unfortunate that robust 
relays with high current and voltage ratings arc usually 
neither fast nor quiet. Many relays take 10 or more milli 
seconds lo act, and such devices would impose severe 
restrictions on keying speed. A recent development is the 
dry reed relay, which is fast, with operate and release times of 
l or 2 mS, is quiet and compact, and can key currents of up 
to 1 amp. Mercury-wetted relays, with their freedom from 
contact bounce, may be found sui table for some applications. 

When a keying relay is operated from a mains supply unit, 
there is a possibility that it will hum. This can usually be 
cured by using rectified a.c. and a generous fi lter capacitance. 

Should a relay be selected which proves to be too s low in 
operation, it is possible to speed up its action on " make" 
by d riving a large pulse of current through its coil at the 
beginning of each operation. The circuit of Fig. 8.13 shows 
a method of achieving this. 

Keyer Valves 

In a class C amplifier every electrode, except the suppressor 
grid in a pentode, normally passes a current. This means that 
the keying circuit must be designed to deal with power and 
not merely voltage, and efforts must be made to prevent local 
interference being caused through arcing at the contacts o r 
radiation from the key leads. A further problem is tbal in 
most circuits it is difficult to obtain the desired degrees of 
softness at both make and break with the same component 
values, and a compromise is necessary. 

It is occasionally worthwhile to overcome these drawbacks 
by introducing an auxil ia ry valve used as a variable resis tance 
in series with tbe 11.l. supply to some electrode of a convenient 
valve in the transmitter, the key being used 10 control the 
grid bias on the auxiliary valve. 

Cl 

+ 3 OR MORE TIMES 
NORMAL RELAY 
SUPPLY VOLTAGE 

Fig. 8.13. C ircuit for s peeding up the ••make •• action of a re lay. 
T he resistor R should be suc:h that the steadyastate rcl:ay current is 
about its rated figure, and C1 should be a few microfarads. If the 
relay drop-out action is to be delayed, the d iode CR a nd the 1·5 K 
ohms resistor prevent the G3pacitor Cl from affecting tho rise in 
coil curre nt on " mako.u The value o( Cl depends on the requ ired 
delay, and the re lay characteristics, bu t would aaain be a few 
microfarads. Diode CR cou ld be a silicon type rated at 150 p. i.v. or 

more , such as the OAlOl. 



220K 

C2 
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IM 

KEYING 
RELAY 

Fir. 8.14. Valve keying of a screen grid supply. This circuit is suitable 
for inputs of 25-35 watu using a p.a. val ve of the 807 class. The 
capacitors Cl and C2 determine tho hardness at 11 break" and 
.. make" respectively: suitable values: for- normal keyine ate 
C1 = 0·1 µ F and Cl • 0·005 µ F. A separate heater supply is required 
for the 12AU7 keyer valve. and the heaters should be strapped to 

the cathode throush ;i llOK ohm.s resistor. 

Fig. 8.14 shows a circuit where a 12AU7 (with the two 
sections connected in par.illel) is used to key the screen 
supply to an 807. This method uses a contact on the keying 
relay which is closed when the relay is unenergised. T he 
steady current flowing through the contacts is only 0·5 mA 
in the key-up condition, although the open-circuit voltage, 
i.e., with the key depressed, is about 400 volts. H desired, 
the current can be reduced by using a higher resistance values 
in the keyed circuit, but generally there is little advantage in 
so doing. 

Jf the transmitter is controlled by an electronic key, it is 
often possible to dispense with relays in this arrangement as 
suitable voltages may be derived directly from the keyer 
circuit. With a 12AU7 keyer valve as in F ig. 8.14, the two 
grids should be at + 300 volts to earth with the key clown, 
and - I 00 volts with the key up. 

In a transmiller using clamp-tube eflkiency modulation 
for telephony, it is possible to use the clamp tube itself as a 
keyer valve, as shown in Fig. 8.15. 

Many keyer tube systems have been devised and app lied 
to power amplifier stages. Tn any circuit of this type, key 
<;lick suppression or softening is derived from grict-block 
keying principles. 

Transistors for High Voltage Switching 

Transistors capable of handling collector voltages up to 
800 volts may be employed in keying circuits for valve 
transmitters. The expense is not usually justified, however, 
and their usefulness is doubtful for normal keying. They arc 
of greater value if used in conjunction with Lr:1nsistorised 
electronic keyers, whenever it is found desirable 10 use solid
state switching throughout. 

KEYING AND BREAK-IN 

Change-over Switches and Relays 

Switching the sla!io11 between transmitting and receiving 
slates usually involves several functions, and some of these 
may need to take place sequential ly. Post OIJice key switches 
can be used, but relays arc more satisfactory. 

A multiple-section switch mounted on the front panel of 
the lransmiller or receiver may necessitate long runs of 
cable carrying r.f.; it is advantageous to have a separate 
aeria l relay, specially designed for the purpose and mounted 
at a convenient point on the chassis. When other units are 
involved (l inear amplifiers and o ther accessories) it is more 
satisfactory to run a single line between them which will 
control their individual relay switching circuits. This may 
mean that equipment built at a later date can be accom
modated more easily. ll is also simpler to adjus t the timing 
of relay circuits (by the use of capacitors, for instance) than 
multiscction switches, and this is important for sequential 
switching. 

Aerial switching can be avoided completely by using sepa
rate arrays for transmitter and receiver, but this is not 
recommended. Few situations allow the erection of two 
high-gain aerials, and so the communication efficiency of a 
station using this system is likely to be affected. If separate 
arrays a rc used, they should be as far removed from one 
another as possible, or large voltages may appear on the 
receiver aerial and resonance effecLS may drastically reduce 
the transmitting aerial efficiency. Separate aerials are 
necessary for full duplex operation, but where different 
bands ~u·c used, these may already be available. 

HTT 

VR RI ~~W 

0·001 

Fig. 8 .15 . Circui t: for using the clamp-tube as a key~r valve. The 
ncgonl vo supply may bo de rived fron1 the p.a. grid circuit provided 
that drive is applied to the p.a. continuously. This circuit also is 
dcsiancd for va,lvos simil3r to the 807. For other types, it w ill be 
ncc.cssary to modify tho v~luo of the screen dr·oppcr R1. The keying 

characteristic~ are determined by Ct and Rl. 

A common problem is " suck-oul " of incoming signals 
by the lransmiller p.a. and noise generated by the p.a. reach
ing the receiver. Both of these effects may be observed by 
swinging the output tuned circuit of the transmitter through 
resonance, and listening fo r fluctuations in signal strength 
and no ise. The noise problem can be aggravated if the p.a. 
is not neutralised properly, it is also wise to ensure that it 
is completely cut off during receiving periods, and by improv
ing scrccn.ing around the p.a. circuit. 

8.7 



RSGB-RADIO COMMUNICATION HANDBOOK 

Aerial relays are found in many forms. Heavy duty 
devices with one change-over contact and one make contact 
are useful (see Fig. 8.16), but where better isolation and 
screening are required, co-axial relays are preferable. 

E lectronic aerial relays (TR switches) are satisfactory, and 
these are described in the section on break-in, together with 
other methods of high-speed aerial switching. 

Fig. 8.16. Circuit showin&: tho use of the usual arrangement of 
contacts on aerial relays. 

Control of Linear Amplifiers 

Where the transmitting equipment includes a high power 
linear amplifier, it is desirable to bias such stages to cut-off 
during listening periods, either because of noise generated 
in the valves affecting receiver performance, or because the 
continuous anode dissipation rating is being exceeded. The 
problem of noise is more likely to occur in a system where 
an electronic TR switch is used, and the final amplifier is 
connected directly to the aerial at all times. 

A circuit which will switch the grid of a linear amplifier 
from operating bias to cut-off, regardless of the class of 
operation, is shown in Fig. 8.17(a). It utilises a change-over 
type dry reed relay, which switches the grid of the linear 
amplifier between mANSMrT and RECEIVE states at a very high 
speed. The normal, or unenergised, state is that correspond
i11g to the RECEIVE condition, where 200 to 300 volts negative 
is applied to the valve control grid. 

If any method of linear amplifier switching is used, the 
timing considerations mentioned in connection with aerial 
switching are relevant. U the linear amplifier is switched on 
late-that is, after the exciter output has sta.rted building up 

L INEAR 
AMPLIFIER .---- -o ' RECEIVE' (CUT-OFF) BIAS 

(a) 

-the envelope of the radiated r.f. signal will rise sharply, 
corresponding to a click on c.w., or a missed consonant on 
s.s.b. Similarly, there will be a sharp decay if the linear 
amplifier is turned off before the softened exciter signal has 
fallen almost to zero. Hence it is necessary for the circuit 
controlling the linear amplifier grid to switch on instan
taneously, and off after a delay of 20 mS or more. The 
circuits of Fig. 8.17 switch to TRANSMIT in about 200 µS, and 
back to RECEIVE in about 20 mS, this delay being determined 
by the value of Cl. 

Fig. 8.17(b) shows the principles outlined above adapted 
to the control of a linear amplifier using two 6146 valves in 
class ADI. 

KEYING M O NITORS 

In the interests of good sending, it is desirable that an 
operator listen to his own Morse transmission. This is 
particularly important when automatic keys are used. Several 
monitoring methods have received favour, especially the use 
of the station receiver, and the keying of an audio oscillator 
simultaneously with the transmitter by means of either d.c. 
circuits or the r.f. voltage appearing at tbe transmitter output. 
Keyed oscillators have the disadvantage that signal charac
teristics such as chirp, drift, ripple and key-clicks cannot be 
detected, and that a note of constant pitch causes operator 
fatigue over long periods. Furthermore, r.f.-controlled 
devices tend to produce a " weeping " note which may fade 
out if the transmitter power is reduced, or its operating 
frequency raised. This can sometimes be overcome by using 
Zener diode voltage regulation. 

On the other hand, keyed audio oscillators arc indispens
able when duplex operation is used on two frequencies, for 
obvious reasons. They are also more convenient where c.w. 
signals are generated in an s.s.b. transmitter by a tone 
oscillator, as this can be used directly as a monitoring system 
if the oscillator is coupled to the receiver output stage. Where 
a separate oscillator is used, the problem of operator fatigue 
could be overcome by givillg the oscillator a rough note by 
increasing its harmonic output with a non-linear device such 
as a diode, or by providing a frequency control for periodic 
adjustment. 

Oscillators controlled by d.c. circuits are easily devised, a 
simple R-C phase-shift circuit with a keyed output stage 
being sufficient. This output stage could generally be 

DRIVE 

L I NEAR AMPLIFIER 
2 x 6146 

~-...... _J 

0 ·001 

(b) 

Fie. 8.17. (a) o .ry r eed switch circuit for linear amplifier control. Diodes CR1, CRl and CRl (rated at -400 p.i.v. or more) ensure that 
different keying cit'cuits do not inter-act: if other circuits: have negative polarity-at in grid-block keyinc-the diodu and C1 and the 
15 volt s upply murt be revers:ed in polarity. R1 prevents the linear amplifier erid circuit from floatinr durinr armot.t ure travel. (b) The 
same principle adapte.d for control of a pair of 6146 tetrodes in cJus AB1. The relay coil circuit i 1 u in (a), and may be 1witched by t:he 

change-over relay or, for break·in oparation, by the key itself. 
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fig. 8.18. Circuits of transi storised r.f.-operated tone oscillators for 
transmission monitoring. In (a) the basa ci rcuit has applied to it a 
negative voltage. derived from tho r.f. sienal from the pick-up rod . 
A battery supplies the power for the collector circuit. In (b) the 
r.f. provides both facilitiu. ln either circuit diode CR can be almost 
an_y sermanium type, the tran:1lstor a medium.gain audio type and 
the transformer a Repanco TT9, or similar. If a cC>4axiat feeder is 
used , a capacitive tap should be made to the ce ntre conductor 

instead of u1in1 a pick-up rod. 

connected to the same keying point as the keyed r. f. stage in 
the transmitter. For a rough note, the oscillator could be a 
multi vibrator. 

Fig. 8.18{a) shows an r.f.-controlled transistor oscillator , 
where a battery provides the power for the circuit, and the 
rectified input signal is used to switch the base circuit. A 
circuit in which the sampled r.f. provides power for the 
transistor is shown in Fig. 8.18(b). 

Obviously if a tone oscillator is used for monitoring, the 
station receiver must be completely silenced du.ring trans
mission periods. This can be done in several ways, and the 
choice of a method often depends on the voltages available 
via spare contacts on the change-over relay. H.t. circuits 
can be broken, negative blocking bias can be applied to i.f. 
or a.f. stage grids or positive bias can be applied to cathode 
circuits. The circuit of Fig. 8.19 is often convenient. VRl 
co1Jld be replaced by a fixed resistance of, say, 47 K ohms, 

RF & IF 
STAGES 

HT+ 

TO CHANGE
OVER RElAY 
CIRCUIT 

)r 

Fie:. 8.19. Method of mutin1 che station receiver durinc transmiuion 
period•. VRI should be lS.50 K ohms. Needinc only occuional 
adjustment, it is usually mounted at the back of (or ins ide) the 

receiver cabinet. 
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and it should remilin a simple matter to listcll to actual 
radiated signals occasionally. 

T he method of using the station receiver for monitoring is 
more popular, but !here are three important conditions 
which must be satisfied. 

(a) The signal appearing at the receiver must be as small 
as possible to prevent overload or even damage. T his means, 
of course, that the receiver must be disconnected from the 
.ransmitting aerial, and it may be necessary to short the 
input terminal to ear th. These operations may be carried 
out by the change-over relay or switch, or by another relay 
specially designed for aerial switching. 

(b) The receiver gain must be further suitably reduced 
except when an exceptionally good a.g.c. system is available 
in the c.w. mode. Reference should be made to the section 
devoted to " Muting the Receiver" for details. The method 
shown in Fig. 8.19 may be used, although the same result 
may be obtained more co1weniently (when grid block keying 
is used in the transmitter) with the circuits shown in F ig. 8.9 
where the contacts on the changeover relay replace the keying 
relay contacts. 

(c) The sequence of switching the transmitter and 
receiver must be correct. If the transmitter oscillator and 
driver stages come on just before the receiver is muted, a 
burst of r.f. will reach the receiver. lt is also undesirable for 
the receiver to be rcscnsilised before the transmitter is 
switched off. This can be overcome by slightly setting 
the appropriate contacts on the change-over relay. 

MORSE KEYS 

The various devices for sending c.w. can be classified as 
straight keys, sidcswipcrs, semi-automatic (" bug ") keys, 
electronic semi-automatic and automatic keys (" el-bugs "). 

Side-swipers are instruments built with a horizontal arm 
having a contact on either side of it, and pivoted in a vertical 
plane. Operation involves the use of each contact al ternately 
as the keying con tact, so that dots and dashes arc sent on 
one side and then on the other. Sidc-swipers arc not popular, 
and tend to produce incorrectly spaced characters. 

Semi-automatic or " bug " keys are usually purchased 
complete, as their construction involves considerable accurate 
machine work. They are similar in function to side-swiper 
keys, except that whereas one of the contacts remains fixed 
and is used to provide dashes, the other initiates oscillations 
in a spring-loaded rod so that a sequence of dots is produced. 
With bug keys it is possible to send at much increased 
speeds, but no such key, electronic or otherwise, will im
prove an operator's sending. 

Electronic Keys 
Electronic keys vary in complexity from those solely 

providing dot sequences like a bug key, to vast machines 
with typewriter keyboards, using pulse and logic circuits. 
The first category is represented by Fig. 8.20; the second is 
outside the scope of this chapter. Between these categories 
are circuits which produce a series of dots or dashes when the 
moving arm or paddle is held against one or other of two 
fixed contacts. ln these keyers, once a dot or dash has been 
started, it \vii! be completed irrespective of what happens to 
the paddle, and a space of the correct length will be left 
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before the neicl clot or clash can commence. The timing of 
the hand movements is thus very much less critical than when 
using a "straight" key; the result will be either correct 
Morse or complete gibberish. 

Fig. 8.20. Circuit of ~ device 
with the same propert.ies ;u a 
"'bug" key~ producine a 1e· 
quence of dots electronially, 
at a speed determined by C 
(which can be made switch· 
able). Contacu RLA1 are nor· 
mally closed, contacts RLAl 

a_r-c normally open. 

HT+2sov 

RLAJ 
1 

IOK 

DASH DOT 

PADDLE 

TO KEY 
CIRCUIT 

)I 

A simple form of keyer is shown in Fig. 8.21. Each half 
of the double-triode valve is biased beyond cut-off by the 
potential dividers R7, RS and R9, RIO. When the paddle is 
moved on to either contact, a positive voltage is applied to 
the two grids. Doth triodes then conduct and both relays 
operate. Relay A has a" break" contact (RLAI) which iso
lates the grids from the paddle, while relay J3 has a "make" 
contact (RLBI) which keys the transmitter. The grids are held 
positive by the charge on C l , but this charge leaks away 
through R4 and the speed control R6. The potentiometers R 7 
and R9 are adjusted so that the cathode of V2 is held more 
positive than that of VI; therefore as the grid vollage falls, 
relay B releases before relay A. The transmitter is switched 
off when relay B releases, but the cycle of operations cannot 
repeat unt il relay A has released, thus giving the required 
space between the letter clements. 

When the paddle closes on the dash contact, a higher 
positive voltage is applied than when it closes on the dot 
contact. The time of discharge of lhc capacitor CJ 1hrough 

R2 
15K 

DASH RI RLAI 

DOT soon 
v 

HT+250V 

~ t 0 
TO 

TRANSMITTER 

Fig. 8.21. The OZ7BO electronic kcycr. T he relays A and 8 may 
be Post Office T ype 600 w ith 3000 to 6000 ohm coils. Rela.y RLA 
hu one break contact, and relay RLB (the keyi ng relay) has one or 

more make contacts. The valve may be a 6SN7 or llAU7. 

8.10 

R4 and R6 is therefore longer, although the space period 
remains unchanged. 

Some care may be required in selecting suitable relays. 
The design of relay B is not critical, except that it must 
operate quickly and firmly on about 5 mA; relay A must also 
operate solidly on about 5 mA but it should not open too 
quickly, because Cl may then nol be fully charged before 
the circuit is broken by the A relay contact. Post Office 
Type 600 relays with 3000to6000ohm coils arc recommended 
although they tend to be noisy. High speed relays could be 
used, but it may be necessary to shunt the coils of relay A 
with a capacitor to retard its operation. 

To adjust the keyer, first set R7 and R9 so 1hat VJ and V2 
are both just beyond cut-off. Hold the paddle in the dash 
position, adjust the speed control R6 for a convenient rate of 
sending and then set R9 for the correct on/off ratio for 
dashes (i.e., three units on, one unit off). Now hold the 
paddle in the dot position and adjust RS for the correct dot 
ratio (i.e. equal times on and off). This may be done aurally, 
or with an oscilloscope, or by observing the anode current o f 
a keyed stage in the transmitter; provided that the current is 
zero in the key-up condition, a string of dots should result in 
an average anode current equal to half the steady carrier 
value, while a series of dashes should give three-quarters. 

A very comprehensive electronic key is shown in Fig.8.22. 
It consists basically of a variable-frequency multivibrator 
whose output is switchable to various stores and bistable 
circuits (flip-flops). It produces self-completing dots and 
dashes of correct length, at sending speeds from four to 
40 words per minute. The output waveforms of the circuit 
are shown in Fig. 8.23. 

MULTIVIBRATOR 

DOT OUTPUT 

·--~ DASH OUTPUT 

Fii. 8.23. The output of the various timina ci rcui t• of the key. 
FFt refers to the dot-timer Oip-nop, FFJ to the dash-timer a nd FF4 

to the dash longthener. 

When the dot contact on the key is closed, the dot-storage 
bistable circuit (fiip-fiop 2) is switched on and the gate 
between the multivibrator and dot timer (fli p-flop .I) is 
opened. The key then sends dots for as long as the key 
contact remains closed. When the contact is opened the last 
dot completes itself and resets the dot-storage bistable. 

Closing the dash contact causes the corresponding dash 
gate to open, and tbe key sends dashes. These are formed by 
one pulse from fiip-Oop 3 whose length is equal to the length 
of the multivibrator period (two dot lengths), followed by 
another from flip-flop 4 equal to a single dot , thus making 
three dot lengths in all. 

It is interesting to note that the dot-storage bistable can 
be switched on during a dash, and the dot is sent immediately 
after the dash (letter N). Also the key may be pressed to the 
dash side after storing a dot, and the letter A is sent. Two 
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" inhibit lines " prevent dots and dashes being sent at tbe 
same time. 

The timing of this key is extremely accurate, as the begin
ning and end of each character is locked to the multivibrator. 
The operating speed of the circuit is controlled by variation 
of the multivibrator frequency. 

The relay can take scvernl forms, those which can be 
recommended are a Siemens ex-naval unit or a Radiosparcs 
recd relay comprising " Recd Coil No l " and" Reed 7RSR." 

Tone Keying 

Many applications exist for devices which enable keyed 
audio tones to control a transmitter operating in the c.w. 
mode. For instance, tape recordings can be used for slow 
Morse transmissions, automatic CQ machines and trans
mission at very high speeds. 

All tha t is required is an a.f. amplifier to bring the output 
of the tape-recorder or receiver up to a suitable level, a 
simple rectifier, and a valve or transistor switch operating a 
keying relay. Fig. 8.24(n) and (b) show simple circuits to 
achieve this, which will key up to 30 words per mfoute with 
the specified relay, and a 3 kc/s input signal. The keying 
speed is limited by the time constRnt of the smoothing circuit 
in the rectifier section {C l and R.1), and the operating time 
of the relay. 

, 
/ 

AF INPUT 
ii! ,,30 

AF INPUT 
i! • 30 

TO KEYING • 1 CIRCUIT • 
Tl CR 

RI 
471< 

TO l<EYING .. _, __ ...,1 
CIRCUIT ... , ____ _ 

VI 

+200/ 
.--...... --<> 250V 

R2 

(a) 

.-----<i-6V/ 

RLB 

OC7 1 OR 
SIMILAR 

9V 

(b) 

Fir. 8.24. (a) Va.Ive circuit for koyinr a transmitter by moans of a 
tape-recorder or receiver. Almost any triode may be used {e.a:. 
EC90), and Rl s hould be &diuttcd 10 that under no sig-nal conditions, 
the relay is on the point of t-rippina: in. C1 and Rt form the rectifier 
t moothinr circuit, and also limit the hia:hest keying speed which 
may be used. C1 should therefore boas 1mall a.s possible, and may 
be about 0 ·1 µ F. D iode CR may bo almost any semi .. conductor type, 
T1 is a 1tand&rd output tranlformar, and the relay 1hould be a 
hiah .. impedance high .. 1pced type. {b) A 1imilar circuit using a 
transistor as a switich. Relay RLB would need to be of lower im .. 
pedance and hi1her 1en1idvity1 but otherwise the considcra.tions 

ar·e the samo as for tho valve dr-cuit. 

The block diagram of a more complicated unit which has 
been devised for higher keying speeds is shown in Fig. 8.25. 
The principal advantage of this circuit is that by using a 
square-wave s.ignal from the limiter, followed by full-wave 
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rectification, the smoothing capacitance C required is very 
small and consequently the keying speed may be high (above 
I 00 words per minute if a suitable relay is used). A dry reed 
switch would be capable of operation up to almost 250 
w.p.m., but for most purposes a standard high-speed type 
would suffice. 

BREAK-IN 

Before describing full break-in systems a simple system 
which is often incorrectly referred to as break-in will be 
mentioned. This refers to methods of switching the change
over relay to transmit by means of the key, but having it 
return automatically to the receive state after a fixed delay of 
about one second. This method bas been adopted in cases 
where oscillator stability had not been found high enough for 
real break-in operation, and where the energy used in throw 
ing a toggle switch was considered wasted. This control 
system does not, of course, permit continuous monitoring 
of tbe transmitter channel. The circuit in Fig. 8.26 shows 
one method of acquiring this rather dubious facility. 

Full-Break-In 

The essential feature of a break-in system is that the 
operator is able to receive incoming signals in the spaces 
between his own transmitted Morse characters so that duplex 
operation becomes possible. Much time is thereby saved, 
particularly in multiple contacts or when interference is 
present, and the advantages in contests or when hunting DX 
are obvious. Transmissions are interspersed with the sign 
" BK " and the call-signs are given at frequent intervals to 
conform with the conditions of the licence. 

When using break-in, the normal change-over and keying 
functions are controlled by the key, and they must take place 
in the right sequence. The station should return to the receiv
ing condition at the sensitivity level required by the operator 
between each dot and dash of the transmitted message. 

It is not easy to insta.11 a good break-in system, one of the 
problems being that of keying the oscillator stage. This can 
be avoided in two ways: either tbe oscillator is screened so 
well that it is inaudible in the station receiver, or a mixer-type 
v.f.o. with a keyed mixer is used. With either of these 
methods, the master oscillator can be made to run contin· 
uously. However, as it is difficult to screen a v.f.o. to the 
extent required, and as mixcr-v.f.o.'s are not common except 
in single-sideband transmitters, it is more usual to find 
break-in circuits involving oscillator keying. 

In the section on change-over methods it was pointed 
out that the transmitter oscillator and buffer stages should be 
switched on after the receiver is desensitised, and off before 
it is turned back on. Further timing considerations are 
important in designing a break-in circuit, and the desired 
switching sequences arc generalised in Fig. 8.27. This shows 
that the receiver must be disconnected from the transmitting 
aerial (or the aeria.J must be switched from receiver to trans
mitter) just before radiation commences, and it must remain 
so until after the r.f. output has fallen to zero. The oscillator 
and receiver muting must be timed relat ive to the keyed 
stage in the same way. l n fact aerial, oscillator and receiver 
may be switched together, and it is then only necessary to 
provide a delay before they return to the receive state, as the 
softening of keying automatically ensures that they are in 
the transmit condition before the r.f. output rises. 



Fig. 8.lS. Block diagram of 
a hich speed tone keye r. I N~~T ~11 

The delay time at the end of each Morse character will 
naturally depend on the degree of softening used, but from 
10 to 20 milliseconds is adequate for most situations. Three 
methods of obtaining this delay are in common use: utiliza-

CHANGE·OVERll 
RELAY 

___ ... 
KEYING 

----.- CIRCUITS 
(+) SI LICON 

DIODES 
(~OOV PIV ) 

KEY 

Fig. 8.26. Circuit for returning the station to tho r eceive state a 
alven time after the end of a transmission. The relay is selected to 
auit the tupply volt:a1e available, and capacitor C is eiven approxi· 
mately by 20/R mlcrofarads, where R Is the relay coll rHistance. 

tion of the back contacts of a hand key, suitable timing of 
relay circuits, and application of bistable pulse circuits such 
as the Schmitt trigger unit. The first system precludes the 
use of bug-keys and many el-bugs, the second demands one 
or more keying relays (with their own inherent disadvantages) 
and the third tends to be more complicated. 

Fast Aerial Switching 

A simple expedient often used in a break-in system is to 
erect a separate aedal for the receiver, but the disadvantages 
of this method have been mentioned elsewhere. A single 
aerial may be switched by an accurately timed keying relay, 
but fast high-current aerial relays are scarce. 

Alternatively, a transmit/receive switch of the contactless 
type may be installed. T/R switches may be divided into two 
classes : (a) those which require the application of some 
control voltage or current synchronised with the key, and (b) 

RADIATED 
SIGNAL !PAI 

RECEIVER 

VF D 

AERIAL 

I I I I 

-D--UID--
1 

• I I 
' I I 

~~~TED 
: I ; Olf 
~OFF 

' I o 

;--+, r----fi TRANSMITTER 
-..J----~-L-...1--------------- -~L- RECEIVER 

o I I 

Fl1. 8.17. Qiacram thowing the required switchine sequence for a 
typical break-in tystem. Note the delay in returning the v.(.o., 
3erial and receiver t.o the receive stat.eat the end of a character. 

KEYING AND BREAK-IN 

II 
HIG H 
SPEED 
RELAY 

those which act as limiters and are entirely automatic. With 
either type, the transmitter is connected permanently to the 
aerial, the receiver being connected to it through the T/R 
switch. In the key-down condition the T/R switch must not 
absorb any appreciable fraction of the transmitted output 
power, nor must it permit any excessive amount of power to 
reach the receiver. The switch is usually arranged so that it 
presents a high impedance in the key-down condition, and 
is connected to the aerial at a point of low impedance, and 
thus of low voltage. 

The T/R switches in class (a) have the disadvantage that 
they require a high negative blocking bias voltage although 
they reduce the problems of harmonic generation and TVI 
inherent in class (b). :Both types suffer from p.a. suck-out 
and noise generated by the p.a. 

A switch in either class usually consists of a sharp cut-off 
valve, often in cathode follower or grounded-grid configura· 
tion, so arranged that it will withstand the full transmitter 
output without being damaged. This requirement precludes 

TO TRANSMITTING 
AERIAL 

RFC 
2mH 

Fig. 8.24. D.c.-controlled T/R switch u1in1 an EC90 (4C4). The t .w .r. 
on the transmitting aeria feeder mu1t be at low as possible, and 
the output power limited to about 75 watts. If it would be a\1 
advanta1e to use a circuit w ith apprecia ble caln, the r.r, choice in 
the anoda circuit could be replaced by tuned eircuit1 for the bands 

inute. 

the provision of any useful amount of impedance step-up in 
its grid circuit, and the noise figure of the receiver may be 
worsened. The best form of circuit is probably the grounded
grid arrangement using a small high-slope triode (see Fig. 
8.28). This may be muted either by applying a large negative 
bias to its grid or by breaking its d.c. cathode return lead, 
which ever is the more easily adaptable to the muting system 
used for the main receiver. 

A carrier power of 100 watts in a 75 ohm circuit gives 
a peak voltage of about 125 volts (provided there are no 
standing waves); at least this amount of bias must be applied 
to prevent conduction in the T/R switch valve, and the peak 
grid/cathode voltage witb the carrier applied will therefore 
be 250 to 300 volts. This is beyond the rating of most high
slope valves, but the majority of samples will withstand it 
without premature failure. 

The heater/cathode insulation is subject to voltages of the 
same order, and it may be necessary to· insert r.f. ch0kea in 
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the heater supply leads, each heater pin being bypassed to the 
cathode with a 1000 pF capacitor. 

Other forms of amplifier may be preferred but it should be 
remembered that pentodes generate more valve noise than 
triodes, while triodes in circuits other than the grounded-grid 
circuit suffer from excessive breakthrough owing to the anode 
-grid or grid- cathode capacitance. 

The circuit in Fig. 8.28 is suitable for power up to about 
75 watts. F or powers up to 200 watts in a low impedance line 

IOK 

Fig. 8.19. Diode T / R swi tch duo to VElAUB. Thll receiving bias is 
+ 30 volts, and t he transmittinJ bias - 350 volts, although the 
switch offers sorn o p rotection wtthout t h is. It mat be convenient 
to reverse diode and bias po lariti es to s uit switch ing systems 

a lready in oth er eq uipments. 

with a reasonable s.w.r., the semiconductor circuit of Fig. 
8.2.9 is recommended. The silicon diodes may be any type 
with a very low capacitance at reverse voltages about 30 
volls, and with a peak inverse rating of 600 volts or more. 
The insertion loss is quoted as less than one decibel in the 
receive condition and up to 80db in the transmitting state. 
The receiving bias should be about + 30 volts, and the trans
mitting bias about -350 volts. 

Fig. 8.30 shows a circuit which is switched off by the 
voltage generated when the r.f. signal causes current to flow 
through the grid bias resistor ; it possesses useful gain and 
has a low output impedance. T he design of the tuned circuit 
Ll , Cl will depend on the bands to be covered. 

Aperiodic T/R switches with gain may be beneficial to 
receivers of poor sensitivity, but they may lead to trouble with 
cross-modulation or overload as the pre-selectivity gain is 
increased. 

All T/R switches involving tuned circuits, however, need 
adjustmc;n t when large frequency changes are made. The 
circui ts working on the self- limiting principle should be well 
screened to reduce radiation of harn1onics and should be 

-.. 0·001 

Fit. 8.30. A further self-limiting T /R sw itch, with fai r gain a nd low 
output impedance. T he design of the tuned circ:uit Lt, C1 w ill 

depend on the b~ndt to bo cover ed. 
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connected to the aerial between the transmitter and low-pass 
filter or aerial tuning unit. Circuits using diode limiters may 
cause strong harmonics of a local broadcasting station to be 
heard in the receiver: rejection circuits tuned to its frequency 
would overcome this defect. 

It is recommended that T/R switches be completely 
screened and mounted on the back of the receiver or trans
mitter cabinet. The coaxial lead to the receiver should be as 
short as possible to avoid resonance effects and to minimise 
pick-up of the transmitted signal. 

Dry Reed T/ R Switches 

Electronic T/R switches can be made to act exce.edingly 
fast, operating times of 50 microseconds being readily 
attained. A system which is rather slower (yet I 0 or 20 
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O•os 2mH T 
TRANSMITTEFi 
KEYING 

Fig. 8.31. A dry reed s witch used in a mod ified version of a T /R 
switch devised by VE3AU. H er o sequen t ial keying of the aerial 
and otht:!r circu it.s is obtained by (a) the use of th~ relay contacts 
to switch bot h d.c. and r.f. a nd (b) t he re le ase delay for the relay 
due to Cl. Diodes CRI and C Rl isolate t he relay and transmitter 
switching circuits, and CRl togethe r with t he electrolytic capacitors 
provides t he fas t attack and slow release c:haracterittics of the 
relay. As mentioned in connection with the diode T/R switch of 
Fig. 8.29, it is simple t o adapt the circuit for keying systems of the 
opposite polarity. Tho circuit s hown is for negative keying lines: 
positive voltages may be controll ed b y reversing all three diodes, 

both electrolyt ic c apaci t or£ a nd the 50 volt supp ly. 

times faster than normal keying relays), but which avoids 
most of the problems peculiar to electronic devices, is one 
using dry-reed switches. 

F ig. 8.31 shows a circuit which ensures that the aerial is 
switched at the right times relative to the transmitter. Unlike 
previous circuits, it switches the aerial to and from the 
receiver and transmitter, and in times of less than one milli
second. Dry-recd relays will switch only quite low currents, 
but if the switching operations arc completed before the r.f. 
current appears, they can pass much higher currents through 
the closed contacts. The circuit shown will handle 700 watts 
into a well-matched 50 ohm line. 
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Fig. 8.32. A comp lete brcak·in keyinr system with sequential 
keying. When the key is c losed, it operates relay RLA . The relay 
c:ontacts first sw itch on the v.f.o. 3nd mute the receiver, then 
switch on the p.a. by s horting out the blocking bias. When the key 
is released, it immediately initl:.tcs the blocking of the P·"'·• ;ind 
after a delay determined by the 2 11F capacitor. the relay returns 
the v.f.o. and receiver to the 11 receive 11 st:\te. The circuit is sui~b l c 
only for a limited number of keying and muting m"thods, although 
careful rearrangement o( the diodes gives a certain :a.mount of 

noxibility. 

Transmitter Keying Requirements 

It has already been mentioned that it is necessary to key 
the master oscillator unless it is exceedingly well screened 
or unless it works on mixing principles, but it is difficult to 
achieve perfect keying characteristics from the v.f. o. alone. 
It is usual to find the v.f.o. and the p.a. or driver keyed 
differentially. This method requires the v.f.o. to be keyed as 
" hard" as possible, with softening applied to the later stage. 
F urthermore, as shown by Fig. 8.28, the v.f.o. must be held 
on for a time while the keyed amplifier is being exponentially 
turned off: it must then be switched off sharply, to prevent 
radiation reaching the receiver. 

A reliable method is lo use a keying relay with at least 
two pairs of contacts, one pair switching the v.f.o. and 
another the keyed ampliOer stage. The contact springs 
should be set so that the v.f.o. contacts close as soon as the 
armature starts to move, the amplifier contact closing later 
in its travel. On release the sequence is reversed so that the 
v.f.o. stays on for a short time after the amplifier contacts 
have opened. A difficulty is that the time interval between 
the operations of the two pairs of contacts is limited to a few 

Fig. 8.33. Receiver mutina by the 
method of connecting a monitor 
gain o r "listen throuah" control 
in the cathode line of controlled 
r.f. and i.f. stacM. The choke L 
should have an inductance of 1-10 
Henry.s depending on the rato of 
recovery required. CR is a silicon 
diode rated at 400 p.i.v. or more, 
and serves as a spark quencher. 
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milliseconds, and therefore the keying cannot be made very 
soft. 

The circuit in Fig. 8.32 is more flexible in this respect, and 
uses a high speed relay. lt includes several silicon diodes 
(400 p.i. v.) and is rather limited in the types of keying which 
can be applied to the various units. For instance, the p.a. 
must be grid-block keyed, but where high-speed relays are 
used, this is inadvisable because of their low current-handling 
capabilities. 

Muting the Receiver 

When the key is depressed, the receiver must Jose sensitivity 
quickly enough to prevent a click being produced from the 
leading edge of the transmitted signal: when the key is raised 
the gain should remain low until radiation has ceased and then 
rise rapidly. 

If the receiver is used for monitoring, the amount of 
desensitisation required will depend on the transmitter power, 
the type of aerial switching used, and the effectiveness of any 
screening. As it is generally insufficient to cut off the receiver 
r.f. stage alone, the i.f. stages are usually controlled with it. 
It is often conveniem to do this by breaking the cathode 
return of the r.f. and i.f. stages and replacing tbe normal 
r.f./ i.f. gain control with a MONITOR LEVEL control of higher 
resistance value. The normal control can be restored in 
parallel with this through the back contacts of the key or a 
pair of similar contacts on the keying relay, adjusted to open 
at the same time or a little earlier than the instant when the 
v.f.o. contacts close. Fig. 8.33 shows a circuit of this kind. 

ln order to obtain a sufficiently rapid fall in sensitivity 
where the key is depressed, it may be necessary to reduce the 
values of the r.f. and i.f. cathQde decoupling capacitors C 
in the receiver to the mi11imum required for proper working, 
or in mild cases to reduce the value of the bleed resistor R l 
which usually exists between the h.t. line and the cathode 
line, thus reducing the charging time of the cathode capacitors. 

When the key is released, the gain will rise rapidly owing 
to the relatively low value of the normal gain control 
potentiometer R2 which forms the main discharge path for 
the cathode capacitors. If this process is not delayed by 
riming of relay circuits or by another method, the choke L 
of several Henrys inductance may be added, with a diode 
acting as a spark suppressor. The d.c. resistance of this choke, 
if too high, may result in a considerable reduction in the 
maximum gain of the receiver unless the bias resistors are 
suitably adjusted. 
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Another method of receiver desensitisation, using the 
a.g.c. line, is convenient in conjunction with grid-block 
keying systems. The line must be isolated from the large 
capacitance (C2) determining the gain control time constants, 
as shown in Fig. 8.34. 

If the receiver recovery is not delayed by external circuits, 
it is possible to achieve this by including a diode at a suitable 
point in the control line so that once the muting voltage 
disappears, the main discharge paths for the grid capacitors 
C are removed. 

With either of these systems, trouble may arise from the 
beat frequency oscillator in the receiver. If the b.f.o. injection 
point is followed by a gain-controlled stage, the high b.f.o. 
voltage at the second detector will be modulated by the 
muting voltage, and for fast rates of muting this will produce 
a click or thump at the output. The remedy is either to inject 
tbe b.f.o. voltage at a later stage or to remove the gain 
control from the stage in question. 

Another problem may arise from the use of a crystal filter 
placed at the beginning of the i.f. amplifier chain, e.g., 
in the anode circuit of the mixer. In such a receiver, the 
crystal filter is followed by a t least one gain-controlled stage, 
and in the key-down condition the signal voltage at the 
crystal may be many times that which corresponds to a 
reasonable output when the receiver is being operated at 
maximum sensitivity. Due to the very small bandwidth 
(very high Q value) of the fi lter this voltage cannot die away 
quickly, even after the transmitter output has fallen to zero, 
and if the gain of the following stages of the receiver is 
allowed to increase rapidly to normal after the key is released, 
this signal will be heard as a loud click in the receiver 
immediately after the instant of break. A possible remedy 
is to avoid controlling the i.f. gain and to rely on controlling 
the r.f. gain, if by doing so it is possible to reduce the overall 
gain sufficiently. Otherwise the receiver gain must be held 
down until the crystal filter has recovered. 

Transmitter 
KEYED STAGE RF STAGE 

.~-------<J HT-300V 

CRI 

Complete Break-In Systems 
A common requirement is the need to add break-in 

facilities to commercial equipment without any drastic 
modifications, and this usually means controlling voltages 
of both polarities. In this instance a keying relay must be 
resorted to, or its equivalent using the properties of diodes, 
neons, or keyer valves. The complexity of the circuit is 
closely related to the precision of control, and flexibility, 
required of the system: a simple circuit involving the back 
contact of a hand key is unsatisfactory by timing considera
tions, and would for instance prevent a guest operator from 
using his own " bug" key. 

+ ? EY ' 
KEYING 

CIRCUITS: ~ 

Fig. 8.JS. Method of s wi tching several voltag<' of the sarne polarity 
with a s ingle switch contact. 

In dcsignfog a break-in circuit there are several points to 
observe. As has been shown in several instances already, it is 
possible to switch any number of voltages of the same polarity 
with a single key or relay contact by isolating each control 
line with a small diode, suitably connected (see Fig. 8.35). 
Tt is helpful therefore to use keying methods which have 
identically polarized control lines from stages which need to 
be switched simultaneously. 

T/R switches of the self-limiting type should be used where 
possible, as this reduces the number of circuits needing 
precise control. Otherwise the choice should be between 
diode and triode types requiring keyed bias voltages, and 
dry reed relay circuits. 

Receiver 
I F STAGES 

R 

CR2 

C2 

AGC 
DIODE 

Fig. 8.34. Receiver mutina: syste m designed around a transmitter grid-block keying ci.-cuit. C1 , R1 and Rl are the normal key filter 
components. tn t he 0 tr·ans mit 11 s t-ate. tho voltage across t :he muting level potentiomete r (about - tlO volts) cuts off the rec::eive.r r.f. 
sta1e, and a fraction of it, determined by the monitor level control. reduces the gain of the i.f. stages. Diodes CRt and CRl isolate the 
desensitising voltage from tho a.g.c. de:lay capadtor Cl. R3 is par-t of the orig inal a.g.c. circuit.. bu t if the receiver i.s one w here the 
a.g.c. line i.s eart:hod w hen the b.f.o. is on, CR2 must abo isolate the shorting switch from th0: controlled stages. A!t the receiver i.s he.Id 
in the muted s-tate for a short time only after the key is released (due to the travelling time of t ho keying relay armature), the 
1oftening that can be applied t:o the p.a. keying is somewhat limited. Aiso the receiver c:ontrotled·sta,ge grid components C and R should 
be as small as possible, so that the rec:eiver is muted as soon as possible aft:e.r the key is pressed. Typical values for t-hese are SO p f 

and 100K ohms rapectively. 
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VFO PA T/R Switch 
TO 

If a switching voltage is available which is of the right 
amplitude and polarity for controlling a keyed stage, but 
which is of the wrong phase relative to the transmitted 
characters, it may be inverted by an auxiliary valve being 
switched from saturation to cut-off. This principle may be 
developed to the extent of using pulse techniques, and 
devices (such as the Schmitt trigger circuit) which produce 
two keying voltages in anti-phase. In this case, one is used 
to control the transmitter v.f.o. and p.a., and the other the 
receiver and T/R switch. 

It is commonly believed that a v.f.o. can be held "on " 
while the transmitter output is falling by using the exponen
tial discharge of capacitance through resistance. This is a 
fallacy, for such a method would result in chirp, clicks, or 
distressing noises from the receiver, or a combination of 
these. 

Break-In with the Schmitt Trigger Circuit 

A break-in circuit using the Schmitt trigger is shown in 

RECEIVER GAIN 
CONTROLLED 
STAGES 

ECCEll, 
12AT7 

R3 
47K 

Fig. 8.36. The GlPOM break-in 
circuit. Tho diodes are silicon 
types (150 p.i.v. or more), R4 and 
RS aro. aiven approximate values 
only, and resi.stors are all t watt 

ratinr unless otherwise stated. 

Fig. 8.36. This provides comprehensive differeatial keying 
on the blocked-grid principle. 

The circuit uses two double valves in bi-stable (flip-flop) 
form. The first controls the p.a. alone, and the second the 
v.f.o., receiver and T/R switch. Negative bias is obtained 
from the valve anodes by connecting the positive side of their 
h.t. supply to earth, and the negative rail to the cathode 
circuits. 'When a triode section is cut off the bias across its 
anode load falls to zero (except with V2a, where a 68 volt 
neon isolates the v.f.o. from the small voltage across Rl due 
to the leakage current through R l, R2 and R3). 

V2 is switched to the transmit state by a pulse from Vl 
passing through CR!. Whe11 the key is released VI returns 
to the receive condition immediately, whereas the return of 
V2 is delayed until Cl bas discharged through R4. 

The immediate advantages of this break-in method are 
that (a) it operates quickly, an attack time of 10 microseconds 
being typical, (b) there are no keying relays to produce noise, 
r.f. clicks and contact bounce, and (c) the relative timing of 
circuits is easily adjusted by means of CJ. 
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CHAPTER 9 

MODULATION SYSTEMS 

A RADIO-FREQUENCY carrier wave can be used for 
the transmission of speech by subjecting it to a 

process of modulation. The carrier wave itself is simply 
an alternating r.f. current of constant amplitude and con
stant frequency, and the modulation may take the form 
of a periodic variation of its amplitude, its frequency or its 
phase. In all cases the rate of variation is low compared 
with the frequency of the carrier wave. 

If the carrier wave is represented by the equation 

e = £ 0 sin (27T ft + 0) 

the variation of Eo gives rise to amplitude modulation. 
Similarly, variation off is known as frequency modulation 
and variation of o as phase modulation. 

Amplitude modulation is the most common modulation 
system used in amateur radio. Frequency modulation is of 
course widely used for high fidelity broadcasting and may be 
used by the amateur radio operator under certain condi
tions. 

Principles of Amplitude Modulation 

No matter what system is employed, the process of 
modulation produces additional frequencies above and below 
that of the carrier wave. Thus the modulated carrier wave 
consists of a band of frequencies as distinct from the single 
frequency of the carrier. The bandwidth depends upon the 
modulation system and the frequency of the modulating 
signals. 

The bands of frequencies produced above and below 
the carrier wave frequency by complex modulating signals 

(i.e. those composed of many different frequencies as in 
speech or music) are known as the upper and lower side
bands respectively. In the case of amplitude modulation 
the highest sideband frequency is equal to the sum of the 
carrier frequency and the highest moduJation frequency; 
similarly the lowest sideband frequency is the difference 
between the carrier frequency and the highest modulation 
frequency. Thus the total bandwidth occupied is equal to 
twice the highest frequency in the modulating signal. For 
example, if the highest frequency in the modulating signal 
is 15 kc/s and the carrier frequency is J 000 kc/s, the side
bands will extend from J 015 kc/s to 985 kc/s. The total band
width occupied is therefore 30 kc/s. 

Modu lation Depth 

The amplitude-modulated wave is shown graphically 
in Fig. 9.1. Here (a) represents the unmodulated carrier wave 
of constant amplitude and frequency which when modulated 
by the audio-frequency wave (b) acquires a varying ampli
tude as shown at (c). This is the modulated carrier wave, and 
the two curved lines touching the crests of the modulated 
carrier wave constitute the modulation c11vclopc. The 
modulation ampli tude is represented by either x or y (which 
in most cases can be assumed to be equal) and the ratio 
of this to the amplitude of the unmodulated carrier wave z 
is known as the modula1ion depth or modulation factor. 
This ratio may also be expressed as a percentage. When the 
amplitude of the modulating signal is increased as at (d), 
the condition (e) is reached where the negative peak of the 
modulating signal has reduced the amplitude of the carrier 

MODULATION 
100 PEP.CENT OVER-MODULATION 

ENVELOPE MODULATION 

CARRIER 
WAVE 

- f 

(a) (c) ( rz ) 

y._op_u_~IfllS. ____ _& ____ 8-_____ ~ _ R.------v~- --- --~-VOLTAGE _ ____ B ___ -~~v- _ 
( b ) (d) (f) 

Fig. 9.1 . Graphical representa
t.ion ofamplitudCl modulation: 
( a) unmodulatt d carrier 
wave; (b) modulating signal; 
(c) modu late d carrier wave: 
(d) ( e) 100 per cent modula· 
ti on: (f) (g) over-modulation. 
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10 zero, while the positive peak inere:iscs the carrier ampli
tude to twice the unmodulated value. This represents 
100 per cem modulation, or a modul:ition factor of l. 
Further increase of the modulating signal amplitude as 
indicated by (f) produces the condition (g) where ihe 
carrier wave is reduced to zero for an appreciable period 
by the nega tive peaks of the modlllating signal. This 
condition is known as over-mod11/atio11. The breaking up 
of the carrier in this way causes cl istortion and the intro
duct ion of harmonics of the modulating frequencies which 
will be radiated as spurious sidebands; this causes the trans
mission to occupy a much greater bandwidth than necessary, 
and considerable interference is likely to be experienced 
in nearby receivers. The radiation of such spurious side
bands by over-modulation (sometimes known as splatter 
or spitch) must be avoided at all costs. 

Modulation Power 

In the special case of a sinusoidal modulating signal 
corresponding to a single pure tone, it ca.n be proved 
m:Hhematically that the effective power in such a wave at 
100 per cent modula tion is 1·5 times the unmodulated 
carrier power. Thus, in order to modulate the carrier 
fully with a sinusoidal wave, the :ivernge power in it must 
be increased by 50 per cent. This extra power must be 
supplied from the modulator. For example, to modulate 
fully a radio-frequency stage operating with a d.c. power 
input or 150 watts, the amount of audio-frequency power 
required would be 75 watts. 

It must not be assumed, however, that the aerial current 
of a fully modulated transmission will increase by 50 per 
cent. The relationship between the modulated and urunodu
latcd aerial current for sine-wave modulation is given by: 

J 111• 
/., = 10 J + °2 

where I ,. = r.m.s. value of modulated aerial current, 
10 = r.m.s. value of unmodulated aerial current. 
m = modulation factor. 

Thus, for LOO per cent modulation by a sinusoidal signal: 

I.,,= 10,/t+~ 
= 1·226 !0 

In other words, the aerial current will increase by 22·6 per 
cent. 

The position is somewhat different when the modulating 
signal consists of the "peaky" waveform of speech. Assum
ing that the peaks drive the trnnsmitter into full modulation, 
the 22·6 per cent increase will occur flt these peaks, but 
for most of the remainder of the time the modulation 
depth is much lower; the increase in aerial current will a lso 
be much lower. The average modulation depth when the 
peaks arc fuUy modulated will be of the order of 30 per cent, 

TABLE 9. 1 
Effect of Modulation on Ae ria l Current 

Depth of Modufation 

9.2 

(per ce nt) 
100 
90 
80 
70 
60 
so 

Ratio: :t.f. power 
d.c. power 

O·S 
0·105 
0·32 
0·245 
0·18 
0 J<S 

lncrc:a.s-c in aerial 
current (per cent) 

22'6 
18·5 
15· 1 
11·5 
8·6 
6·0 
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MODULATION VOLTAGE 
Fig. 9.2. T he ideal modulation characteristic is a stra iaht lin e .. Often 
the actual char"acteristic is found to be non·linear, and the form of 
non··linearity shown here i.s due to the failure of the r.f. voltage. (or 
current) amplitude to rise to twice its normal value at the positive 

peaks of the modu latinr si1na l. 

and the average increase in aerial current as seen on a typical 
amme1er will then be only a few per cent. 

Modulation depth may also be expressed in terms of 
the a.f. power actually supplied ancl t.he unmodulated 
d.e. power supply to the modula ted stage. thus : 

m =-./2A/W 
where A = a.f. power supplied. 

W = d.c. input power. 
Table 9.1 gives the values, calculated from th.is expression, 

for the amount of a.f. power requi red for various depths 
of modulation. It will be seen that to produce 70 per cent 
modulation requires only one half or the a.f. power required 
for 100 per cent modulation. The corresponding increases 
in aeria l current are shown in the same table. 

Linearity of Modulation 

Ideally, for all modulation depths up to 100 per cent 
t11e difference between the amplitude of the r.f. output 
at the crests and at troughs of the modulation involved 
should be proportional to the amplitude of the modulating 
signal; i.e., the modulation characteristic should be linear. 

Non-linearity is most often manifest as a nattening of the 
crests of the modulation waveform, and this causes con
siderable distortion. It may be minimized by careful design 
and correct adjustment of the modulated stage, particularly 
with respect to the amount of r.f. grid drive and the aerial 
loading. Linear and non-linear modulatiot1 characteristics 
a rc shown in Fig. 9.2. 

Bandwidth of a Modulated Wave 

For the faithful reproduction of speech and music Jt 1s 
necessary to transmit frequencies in the whole range of the 
audio spectrum (i.e. approximately 40-15,000 cycles per 
second). The total bandwidth for this purpose would there
fore be 30 kc/s. For a communication system, however, it is 
the intelligibility and not the fidelity which is of prime 
importance, and experience has shown that for the intelligible 
transmission of speech it is sufficient to transmit frequencies 
up to about 2·5 or 3 kc/s. Thus the transmitted bandwidth 
need not exceed approximately 5 kc/s. In the overcrowded 
conditions of the present-day amateur bands it is obviously 
important to ensure that no transmiss ion occupies a greater 
bandwidth than is necessary for intell igible communi. 
cation. 



Modulating Impedance 

The impedance that an r.f. stage which is being modulated 
presents to the source of the modulnting signal, i.e. the 
modulator, is called "111od11/a1i11g impedance." It is the 
ratio of the anode voltage and anode current of the r.f. stage 
or: 

Zm = Va x IOOO 
la 

where Zm ,.. modulating impedance in ohms 
Va = anode voltage of r.f. s tage 
la = anode current of r.f. stage (in mA). 

Mathematical Representation of Sidebands 

The mathematical equation for a carrier wave of constant 
frequency which is amplitude-modulated by a signal of 
constant frequency is: 

e = £ 0 (I + 111. sin 2r.fm.t) sin 2r.f,.t 

where /11 = modulation factor, 
J,,. = frequency of modulating signal. 
J. = frequency of carrier wave, 
Eo = amplitude of unmodulated carrier 

This equation may be expanded, giving: 

E · 2 .r , Eo · ) Eo e = o Siil rrJ, .t , 111- cos 2r.(1, - J,,. t - 111-cos2r.(J. + f,,.)t 
2 2 

Inspection of this expanded form shows that it is made 
up of three separate terms. The first, £0 sin 2wf..t, represents 
the original carrier, 

while m ;•cos 2;.(J. - f,,,)t and 111 ~cos 2-:r(f, + ;;,,)t 

correspond to the lower and upper side-frequencies res
pectively which are the result of applying a modulat ing 
signal of frequency/,,.. The total bandwidth of this ampli
tude modulated wave is (f. + /,,,) - (f., - .f. .. ) or 2f.,,; i.e. 
the bandwidth is equal to twice the modulating frequency. 

It should be noted from tJ1e last equation that the carrier 
wave is not fundamentally essential to communication since 

Fig. 9.3. Block diagram of an amplitude-modulated te>lcphony 
tran smitter. 

all the imelligence is contained in 1hc sidebands. The carrier 
wave can therefore be suppressed and need not be trans
mitted; indeed, it is sufficient to transmit only one of the 
sidebands. This is known as single sirlehand operat ion 

MODULATION SYSTEMS 

(s.s.b.). Although it requires more complicated equipment 
than ordinary amplitude modulation, it has the obvious 
advantage of transmitting the same intelligence within a 
smaller bandwidth and without a carrier. (See Chapter JO). 

Basic Modulation Equipment 

In the foregoing paragraphs the fundamentals of the 
process of amplitude modulation have been reviewed. It 
thus now becomes possible to specify the modulation 
equipment required for a communications transmitter. 
This consists of: 

(a) An a.f. power amplifier capable of developing the 
required power over the minimum frequency range 
for intelligible speech, and its associated d.c. power 
unit. 

(b) A means of coupling, with correct matching of 
impedances, the a.f. power to the r.f. 9tage. 

(c) A microphone. 
(d) A speech amplifier to amplify the output of the micro

phone to a suitable level to drive the a.f. power 
amplifier. 

The manner in which these elements are associated in a 
typical commurtlcations transmitter is illustrated in the 
block diagram shown in Fig. 9.3. The term modulator is 
often applied to the whole of the a.f. amplifying section, 
but strictly speaking it should be applied only to the final 
stage of the a.f. amplifier. 

PRINCIPLES OF FREQUENCY MODULATION 

F requency modulation may be represented graphically as 
shown in Fig. 9.4.Herc(A)represeats the uamodulatedcarricr 
wave, (B) the modulating signal, and (C) the frequency-modu
lated carrier wave. It will be seen that the frequency of the 
carrier v,rave is increased and decreased in sympathy with 
the amplitude and polarity of the modulating signal, but 
the envelope amplitude is unaffected. The change in the 
frequency of the carrier wave is known as the .frequency 
devintio11 or simply as the deviation. The total excursion of 
this frequency is called the swing: i.e. the swing is twice the 
deviation. The carrier frequency, for obvious reasons, is 
known in f.m. practice as the centre frequency. The deviation 
is proportional to the amplitude of the modulating signal, so 
that the limits of the swing are determined by the peaks of tho 
modulating voltage. The rate at which the canier frequency 

A 

B 

c 
Fie. 9.4. Graphica l representa.tion of frequency modulation.. A
U nmod ulated carrier wave.. B-Modulat..ing signal. C-frequency· 
modulatC!d carrier wave (i.e.. its frequency is varied in sympathy 

with B). 
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is deviated is equal to the frequency of the modulating signal. 
To quote a numerical example, if a carrier wave of frequency 
7075 kc/s (i.e. the centre frequency is 7075 kc/s) is modulated 
by a 3 kc/s tone of specified amplitude to produce a deviation 
of 2·5 kc/s, the carrier frequency will swing between 7072·5 
kc/s and 7077·5 kc/s and back (i.e. the swing is 5 kc/s) 3000 
times in one second. lf the ampli tude of the 3 kc/stone were 
doubled the carrier frequency would swing between 7070·0 
and 7080·0 kc/s but the rate of variation would still be 3 kc/s. 

The ratio of the deviation to the frequency of the modulat
ing signal is known as the 111odulatio11 index. This ratio is 
obviously not constant since the deviation depends on the 
amplitude of the modulating signal, and its liCliting value, or 
the ratio of the maximum deviation to the highest modulating 
frequencies, is called the deviation ratio. In the example 
quoted earlier, the deviation ratio is 2·5 kc/s divided by 
3 kc/s or 0·833 for the firs t given ampli tude and 5·0 kc/s 
divided by 3 kc/s or I ·67 when the amplitude is doubled. 

As in the case of amplitude modulation, sidebands are 
produced during the process of frequency modulation but 
with the imporlant fundamental difTcrence that a theoretic
ally infinite number of side frequencies mny exist. Tbe side 
frequencies occur in pairs, one on each side of the carrier, and 
in the case of modulation by a single tone the spacing between 
the side frequencies on either side of the centre frequency will 
be equal to the frequency of the modulating tone. In the 
example just quoted of the frequency modulation of a 7075 
kc/s carrier by a 3 kc/s tone, the first pair of side frequencies 
will occur at frequencies of 7078 kc/s and 7072 kc/s, the 
second pair at 7081 kc/s and 7069 kc/s, the third pair at 
7084 kc/s and 7066 kc/s, and so on. 

It should be appreciated that this concept of a number of 
sidebands and a fixed central carrier is an analytical repre
sentation of the effect of varying the frequency of the carrier, 
and the mental image of the process should not be confused 
by the supposition that the carrier passes through the fre
quencies occupied by these sidebands in the course of its 
frequency deviation. 

The amplit11des of the sidebands produced arc proportional 
to the modulation index; i.e. the amplitudes of the higher
order side frequencies (fourth and above) increase from a 
value which' is negligible when the modulation index is J ·0 to 
appreciable values when the modulation index is greater 
than 5. The manner in which the sidebands vary is shown 
in Fig. 9.5 where their variation is plotted for values of 
the modulation index up to 5. lt will also be seen that when 
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Fie. 9.S. Variation in relative amplitude of tho carrier 3nd the low
order sidebands in a frequency modulation svitem. 
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the modulation index is 2·4, the carrier itself disappears, i.e. 
its phase reverses compared with the phase when modulation 
is absent. Further disappearances occur at higher values of 
modulation index. 

It follows therefore that the question of the bandwidth 
required ia the transmitter and receiver of an f.m. system has 
not such a straightforward answer as ia the case of amplitude 
modulation. 

In frequency modulation there is no condition equivalent 
to over-modula tion. An increase in the amplitude of lhc 
modulating signal will merely cause an increase in the devia
tion produced. In the case of large deviations this effect will 
of course, introduce difficult problems into the design of the 
r.f. circuits of the cransmitter and in the receiver, but these 
conditions do not occur in amateur communication equip
ment where the deviation is required by the terms of the 
Amateur (Sound) Licence to be kept relatively small. 

At present the restrictions imposed by the British Post 
Office on the use of frequency modulation by amateurs are 
as follows: 

(a) The maximum devia tion shall not exceed 2·5 kc/s. 
(b) The maximum e(fective modulating frequency shall be 

limited to 4 kc/s and the a.f. input to the frequency 
modulator at frequencies higher than 4 kc/s shaU be not 
less than 26 db below the maximum input at lower 
frequencies. 

(c) The carrier frequency shall be at least 10 kc/s within the 
limits of the frequency band in use. 

The deviation ratio permitted is therefore 2·5 kc/s divided 
by 4 kc/s or 0·625. At this value, the carrier and the first
order sidebands are appreciable, and the second-order 
sidebands are almost small enough to be neglected while the 
third and higher orders may be ignored. Therefore, to a first 
approximation the bandwidth occupied may be considered as 
equal to twice the deviation or 5 kc/s. In other words, it is 
roughly equivalent to the bandwidth required for a " com
munication-quality " amplitude-modulated transmission. In 
contrast to the large deviations used in high-fidelity broad
casting, for which an international standard of 75 kc/s has 
been adopted, this restricted mode of operation has come to 
be lrnown as 11arro111-ba11d frequency mod11/atio11, generally 
abbreviated to n.b.f.m. 

AMPLITUD E MODULATION SYSTEMS 
As already defined, amplitude modulation consists of 

variation of the envelope of the r.f. carrier in accordance 
with the waveform of the intelligence which it is desired 
to transmit. There are several possible ways of applying 
amplitude modulation to a carrier wave. They can be 
classified according to the manner in which the modulating 
voltage is applied to the stage to be modulated. giving the 
following broad classifications: 

(a) Anode modulation 
(b) Control-grid modulation 
(c) Suppressor-grid modulation 
(d) Screen-grid modulation 
(e) Cathode modulation. 
Modulation should be applied only to an r.f. stage which 

is driven from a source of constant frequency, e.g. a crystal 
oscillator or a stable variable-frequency oscillator followed 
by at least one isolating stage. This is to prevent tbe pro
duction of spurious frequency modulation such as would 
result from the direct modulation of a self-excited oscillator. 
In the case of a triode p.a. stage, neutralization must be 



perfect, anti where neutraliza tion is not employed, as in some 
tetrode or pentode power amplifiers, great care must be 
taken to avoid parasitic oscillation which may occur only 
on the peaks of modulation. 

Anode Modulation 

Anode modulation of a class C r.f. s tage is accomplished 
by superimposing the modulating voltage on the d.c. 
anode voltage. For full modulation the anode voltage of 
the p.a. is swung from zero to t\\ice its normal value, thus 
causing a corresponding variation in the amplitude of the 
r. f. output. If 1he r.f. slage is operated under the correct 
conditions, che r.f. output current will be proportional 
to U1e anode voltage applied to the p.a., and the modulation 
will be distortionless. 

The most straightforward means of anode modulation is 
1he use of a 1ransronner k.nown as a mod11/atio11 transformer 

RF 
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AF 
HT+ 

MODULATION 
TRANSFORMER 

AF 
INPUT 

Fig. 9.~. Anode. modu l ation~usi na transformer coupl ing. The system 
1s somettmc1 referred to as 0 tr:in1former mod ulation." 

to couple the modulator to the p.a. stage: the basic circuit 
arrangement is shown in Fig. 9.6. The ratio of the trans
former should be such tha1 it will match the impedance of the 
modulated r.f. stage to the load required by the modulator 
valve(s) . Although in F ig. 9.6 a single triode modulator is 
shown, it should be realized that triodes, tetrodes or pentodes 
either in push-pull or single-ended operation, may be used. 

In order to obtain linear modulation the r.f. amplifier 
should be carefully adjusted in accordance with the operating 
conditions reconm1ended by the manufacturer for the 
particula r valves concerned . Jn general, il can be said that 
the r.f. stage must operate under Class C conditions at peak 
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Fig. 9.7. C hoke modulation of a clau C r.f. amplifier . 
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output, and the aerial loading must be adjusted to provide 
the correct modulating impedance. 

Although the cflccrfrc power input is modulated, the 
average power input remains constant because each positive 
excursion of the anode voltage is immediately followed 
by a corresponding negative one. This means that the anode 
current, measured by a moving-coi l d.c. meter, does not 
vary during modulation because such a meter measures 
average current. However, the aerial current is usually 
measured on a them1a1 meter which indicates the r.m.s. 
value and, as was shown earlier, the effective or r.m.s. 
vafoe of 1he aerial current does depend upon the amount 
of modulation. Although the thermal ammeter in the aerial 
circuit should show a rise of current on modulation, the 
moving-coil " average-current " meter in the anode circuit 
should remain steady, and auy movement of this meter 
during modulation indicates incorrect operation. 

Anode modulation is the commonest form used, and it 
is probably the simplest system to adjust and operate. 
Moreover it is a system which enables the r.f. amplifier to 
operate at a constant high efficiency, and is capable of full 
modulation with the leas t amount of distortion. For most 
valves the output rating, under anode-modulation conditions, 
is of the order of 1wo-thirds of the maximum output under 
c.w. conditions. 

Anode modulation may be achieved by other methods 
which are not so common but nevertheless are sometimes 
very convenient. These are: 

(a) Choke modulation. 
(b) Series modulation. 
Choke modulation. Choke modulation employs a choke 

as the coupling impedance between the modulator and the 
r.f. stage, as shown in Fig. 9.7. 

The modulation choke must have an impedance at audio 
frequencies which is high compared with the impedance 
of the modulated r.f. s tage when carrying the combined 
anode currents of that stage and the modulator. Obviously 
in this system both valves operate at the same h.t. voltage. 
The undistorted output voltage from tbe modulator which 
is developed across the choke must be less than the h.t. 
voltage and therefore ic cannot modulate the r .f. stage to 
100 per cent. For this reason the p.a. s tage is run at a lower 
h.t. voltage than that of the modulator, the excess voltage 
being dropped across the resistor R which is bypassed at 
audio frequency by the capacitor C. The h. t. voltage on the 
p.a. stage should be reduced by this means to about 60-70 
per cent of the modulator h .t. voltage. Since a push-pull 
arra1,gement in the modulator is obviously precluded, 
the modulator must therefore operate under class A con
ditions. T his may necessitate the use of very la.r~ modulator 
valves, or several in parallel, and for this reason choke 
modulation is only economic for low-power operation, 
e.g. up to about 15 watts input to the r.f. amplifier. 

&.ries Modulation. ln this case the modulator and the 
p.a. valves are connected in series across ODe h.t. supply, 
as shown in Fig. 9.8. Thus both will pass the same current, 
the method of adjustment being to vary the operating con
ditions (i.e. the amount of grid drive, the aerial loading and 
the grid bias of the p.a. stage) so that it is operating at a 
lower anode-to-cathode voltage than the modulator. This 
system has U1e advantage that one power unit feeds both 
the p.a. and the modul:itor, and that no modulation trans
former or choke is required. Valves such as the 807 can be 
used in both positions in u series-modulat ion system from 
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Fig. 9.8. Series modulation. Tho rcl:itivo positions of the a.f. modula· 
tor VI and tho r.r. output valve Vl between the h.t. line and earth 
can be interch:\nged If dc1irod. Tho appropriate negative bias on 
the control grid of VI with respect to its cathode is obtained by 

adju1tlng tho potentiometer R. · 

a 1000 volts supply. The operating condi tions of the p.a. 
stage should be such that there are 500-600 volts across 
the modulator, and from 400- 500 volts across the p.a. 
For higher power two such valves may be used in parallel 
as the modulator, and two more either in push-pull or in 
parallel as the p.a. Although Fig. 9.8 shows the modulator 
connected to the positive end of the supply. the modulator 
and p.a. may be interchanged so that the modulator is 
earthed and the p.a. is connected to the positive supply 
terminal. It is immaterial which arrangement is used as 
long as appropriate precautions arc taken, e.g .. the valve 
connected to the positive end of the power supply must have 
a separate healer transformer capable of withstanding 
the total h.t. voltage, and its grid circuit (a.f. or r.f. as 
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Fig. 9.9. Anode-and-screen modulation. When the modul~ted stage 
consists of a. pontodc or a tetrode, the screen volta.&e as well as the 
anode volttsc should be modulated by a proportionate amount in 

order to enaure linear moduladon. 
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tbc case may be) must have transformers or capacitors with 
insulation rated for this voltage. 

True aoode modulation can be applied only to triodes. 
The characteristics of tetrodcs and pcntodcs demand that 
both the screen and anode voltages arc modulated to obtain 
a linear modulation characteristic. This may be done as in 
Fig. 9.9 where it will be seen that the screen-grid voltage is 
obtained from the modulated anode voltage through a series 
resistance R. A potentiometer cannot be used for this pur
pose. The screen bypass capacitor C must have a reason
ably high rcaciancc at audio frequencies in order not to 

bypass the modulation voltages. The modulator load 
impedance in this case is the ratio of the anode voltage to 
the sum of the anode and screen currents, and the audio 
power required is one half of the product of the anode 
vol tage and the sum of the anode ~llld screen currents. 

Anode and screen modulation may also be achieved by 
the use of a special modulation trnnsformcr which bas two 
secondary windings. The anode supply is la ken 1hrough one 
winding and the screen supply through the other. Such 
transformers are however not generally available. 
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fig. 9.10. Anode modulation or a tct·rodc by tho use of an inductance 
in th e screen circuit. 

Most tctrodes can be sa tisfactorily anode and screen 
modulated by the addition of a smr11l inductance in the screen 
circuit as shown in Fig. 9.10 The screen voltage is self
modulated by virtue of the small variation in the screen 
current which rcsul!s from the variation (i.e. modulation) 
of the anode voltage. 

The reactance of the inductance should not be less than the 
impedance of the screen (ratio of the screen voltage and 
screen current). Generally a small I 0- J 5 M smoothing choke 
rated at 60 mA is adequate. 

Efficiency Modulation Systems 

The remaining methods of amplitude modulation are 
usually grouped together under the general heading of 
efficiency mod11/atio11 systems. In these systems the efficiency 
(i.e. the ratio between the r.f. power output and the d .c. 
power input) is varied by altering the voltage on either 



1he control, screen or suppressor grid, whereas in anode 
modulation the efficiency is constant and the required 
vanat1on in r.f. output is obtained by altering the power 
input. The term efficie11cy 111od11/a1io11 should not be taken 
to imply that this system results in a high efficiency: on the 
contrary, the overall average efficiency is low. The maximum 
efficiency for a class C stage is of the order o r 70 per cent in 
anode-modulation systems and this rema ins constant 
throughout the modulation cycle. This figure is only 
achieved, however, on the peaks of modulation in cfticiency
modulation sys tems; the average efficiency is only one half 
of this figure, and frequently a little lower, say about 30 per 
cent. The average r.f. output power for a given d.c. input 
power 10 1hc p.a. is appreciably less than for anode modula
tion. Howc,·er, the extra r.f. power output which is delivered 
at modulation peaks is a result of the higher operating 
efficiency at these peaks rather than the errcct of additional 
audio power from the modulator. In efficiency modulation 
systems the audio power required is generally insignificant 
compared with the d.c. input to the r.f. stage. 

Grid Modulation 

This is probably the most common form of efficiency 
modulation. It may be applied to practically any type 
of valve, whether triode, tetrode or pcntodc. A circuit 
arrangement is shown in Fig. 9 . 11 in which it will be seen that 
the audio-frequency voltage is applied in series with the r.f. 
voltage to the grid of the r.f. amplifier. With this system of 
modulation it is more difficult to make adjustments which 
will give full modulation with low distortion than in the 
case of anode modulation. The requirements are as fo llows : 

(a) The r.f. drive must have good regulation, i.e. the 
r.f. grid voltage must remain substantia lly constant in 
spite of the varying grid-current load of the r.f. 
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Fig. 9. 11. Grid modulation. The lamp is u1od to absorb ;,.n ;,,pprc ciable 
proportio n of the 1rid...drivin1: power and t hu s improva the grid 
drive regu lation. The capacitor C serves as 3n r.r. byp3u: it n1ust 
be s mall enough to pre sent a high r eact:ln co :>t the h ighest modula-

tion frequency. 
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Fig. 9.12. Screen modulation. The socre&n. supply volt:a.a• mu1t be 
obt:iined from a potentiomet.e.r V R to enable the neceuary cri t-ic:al 

adjustment to be made for maximom depth of modulation. 

amplifier. This is geoerally arranged by providing 
much more drive than is really necessary and d issi
pating the excess in a lamp or other resistance load. 

(b) The modulator must have a low-impedance output 
to avoid waveform distortion due to the varying 
grid load of the r.f. amplifier. A triode operat.ing 
in class A is preferable, but if a tetrode or pentode 
is used it is advisable to connect a swamping resistor 
across the secondary of the modulation transformer. 

(c) The grid-bias supply must have good voltage regula
tion; either battery bias or a voltage-stabilized supply 
is req11i red. 

The chief advantage of grid modulation is the relatively 
low audio power required, a few watts generally sufficing 
to modulate a 150 watt stage. 

The power input to the p .a. valve must be limited to such a 
value that the maximum permissible anode dissipation 
is not exceeded, assuming the low average efficiency of 35 
per cent. The adjustment generally consists of setting the 
grid drive (which is about 20-25 per cent of that necessary 
when maximum efficiency as a c.w. output stage is required) , 
<md adjusting the grid bias and the aerial loading until the 
appropriate amount of aerial current increase is obtained 
without causing any variation of the p.a. anode current. 
The audio frequency gain is then adjusted so that the desired 
peak modulation is obtained: in this system the peak 
modulation will usually have to be limited to about 90 per 
cent to prevent the occurrence of distortion. 

Screen-grid Modulat ion 

The general circuit arrangement used for screen-grid 
modulation is shown in Fig. 9.U . Popular types of beam 
tetrodes, such as the 807 and the 813 are well suited to this 
system. 

The main drawback of screen modulation is that the 
screen-grid voltage must be reduced to a fairly low value 
(e.g. 100-130 volts in the case of the 807). Unless this is 
done, the upward excursions of the screen voltage during 
modulation would be limited by the sharp rise in screen 
curreot. The positive peaks of the modulated r.f. output 
waveform would thus be flattened and the modulation 
would become asymmetrical. 

The low average screen voltage results in a rather low 
r. f. carrier output power, as in the case of control-grid 
modulation, and it may therefore be worthwhile to incor-
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porate two r .f. valves in push-pull when using this system. 
Screen-grid modulation does not call for critical adjustment 
of the grid drive to the modulated stage but the unmodulated 
screen voltage must be very carefully adjusted to allow the 
greatest possible depth or modulation without distortion. 
This maximum is generally of the order of 75-80 per cent. 
The audio power required, as in other efficiency modulation 
systems is quite low, 4-6 walls being sufficien t to modulate 
an input of 150 walls. 

Clamp Modulation 
The so-called clamp-modulation system is an interesting 

variation of screen-grid modulation. The purpose of a 
" clamp " valve is to reduce the screen voltage of a tetrode 
r.f. amplifier to a low value in the absence of grid excitation, 
so that it acts as a protective device and allows the exciter 
to be keyed for c.w. operation without the necessity for 
using fixed bias on the p.a . stage. A typical circuit is shown 
in Fig. 9.13. The clamp valve JI, which may be of the KT66 
or 6L6 class, is cut off by the operating bias of the r.f. stage 
V1 which is developed across R1• When the excitation is 
removed, there is no bias on V 2 and hence it passes a large 
anode current which develops a high voltage-drop across 
R2, the screen resistor of Vi. This reduction in the screen 
voltage of V1 reduces the anode current to a very low and 
safe value. 

For the purposes of modulation the grid of the clamp 
valve may be switched from the r.f. bias resistor R, to the 
output of a speech amplifier v. so that the screen of V1 

receives the audio output voltage through V,. 
When V, is switched for telephony operation its bias 

should be arranged to be such that its anode voltage, i.e. 
the screen voltage of V" is about one half of the value 
which it has in the c.w. position. Tunfag-up can take place 

RF 
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~~~~~~~~~~..-~--oHT+ 

Fie. 9.13. Clamp modulation. This iJ an cl;aborat.cd form of .screen 
modulation which <!!nables th~ transmi tte,. to be easily switched to 

c.w. operation. 

in the c.w. position, but when V 0 is switched to the telephony 
position the carrier output o r V, will of course fa ll. When 
modula ting, the audio gain should be such that the anode 
current or V, on modulation peaks does not exceed about 
three-quarters of the normal c.w. value. 
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Series Gate Modulation 

Series gate modulation is a fomJ of screen modulation of 
fairly recent origin. It is simple and effective and appears to 
justify the claims made for it. Tbe name "series gate" 
modulation was given to it by the originator, but it does not 
indicate clearly the mode of operation. 

Tbe basic series gate modulator circuit is shown in Fig. 
9.14. This employs only one valve, a twin triode, but there 
is, of course, no reason wby two separate triodes should not 
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Fir. 9.14. Basic •1 series ca.t:o" modu lation circuit. 

be used. The circuit is essentially a vollage amplifier V1a 

direct-coupled to a cathode-follower V1b. Microphone input 
is applied via C I. 

When the slider of R. is at the cathode end of its travel, 
v,~ is operating without bias; there is, therefore, a large 
voltage drop across R 3 and the anode voltage of V1a is 
reduced to a low value, of the order of 1 S volts relative to the 
chassis. This voltage is direct-coupled to the cathode
follower V1b, and so about 95 per cent of this voltage or 
J 4 volts appears across the cathode load R,. T hus the screen 
voltage of the r.f. amplifier is also 14 volts and the r.f. output 
is low. If the slider of R, is moved away from the cathode 
end, the bias on V1a increases and the voltage drop across R, 
is reduced. The anode voltage of Via, and hence the grid 
voltage of V,b, then rises to the order of 250 volts. The 
screen voltage of the p.a. stage will therefore be increased 
to somewhat less than this as a result of the cathode-follower 
action of Vib. Thus the output of the p.a. stage will be 
increased towards its maximum. 

The setting of R 2 therefore makes it possible to vary the 
output of the r.f. s t.age from a low level to almost full c.w. 
ratings. If S1 is opened, V1a is inoperative and the anode 
of Vi• and the grid of V1b rise towards the anode supply 
voltage and the screen voltage of the p.a. stage is limited by 
the flow of grid current of V,b through R 3 • The screen 
potential is then the highest obtainable with this part icular 
circuit arrangement. The maximum screen voltage may be 
set by the introduction of Rx. R, and Rx then form a 
potentiometer across the h.t. supply which holds the grid 
voltage of V1b constant. 

Modulation may be achieved by applying an a.f. vohage 
to C,. Assuming that the bias on the grid of v,~ is set (by 
R,) to -1 V, the d.c. voltage applied to the screen of the 
p.a. is low and so the r .f. output is low. If an a.f. voltage of 
IV peak is now applied to the grid of V,,,, it will be amplified 
by Vi;• and appear at the p.a. screen and so modulate the 
low r.f. output to a depth of approximately 95 per cent, the 
mean d.c. potential of the p.a. screen remaining constant. 
If the a.f. voltage applied to V,a is increased, grid current 



will .6ow in V1a and a negative charge will build up on C1 

proportional to the peak value of the a.f. voltage. This 
additional d.c. bias applied to the grid of V1a will cause the 
potential on its anode and the grid of V1b (and of course the 
mean screen voltage of the p.a. stage) to rise, resulting in 
increased r.f. output from the p.a. stage. Since the period 
of time for which this potential is raised depends upon the 
time it takes for C, to discharge through Ri. the time constant 
of R1 and C, is important and must be considerably longer 
than the time corresponding to the lowest audio frequency 
used. 

The increased a.f. voltage at the grid of V13 will appear as 
an amplified voltage at the p.a. screen relative to its previous 
value, but as the mean screen potential has also been raised 
the carrier is again modulated to a level of about 95 per cent. 

The cathode follower is connected across the h.t. supply 
and a negative supply of the order of 75 volts to JOO volts. 
TI1is is necessary to set the operating conditions of the p.a. 
stage and to provide the additional voltage across the 
cathode follower so that the p.a. screen voltage can rise to 
the ma.""<imwn value required allowing for the voltage drop 
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Fir. 9.15. ftraetic-al 1eries pte modulator. For p.a.. inputs up to 
75 watto, s uitable valve. are the 6SN7 and 12AU7. For hicher inputs, 
a 128H 7 may be ueed. Alternatively, two 6JSs or triode connected 
6Vh era 1urcested. T he 100 ohm ruistor a nd 500 pf capacicor 
marked with asteri1k5 are the normal screen decoupling com· 

ponents mounted dose to the. p.a. valveholder .. 

across the impedance of the valve used as the cathode 
follower. The negative supply can be the p.a. bias supply. 

A practical series gate modulator is shown in Fig. 9.15. 
It will be seen that thi<; is virtually the same as the basic 
circuit shown in F ig. 9.14 the only additions being the 
PHONE/c.w. switch S i. the 500 pF capacitor and the 100 ohm 
resistor. The latter are the normal p.a. screen decoupling 
components which of course should be mounted as close as 
possible to the p.a. valveholder. For inputs to the p.a. of up 
to 75 watts, recommended valves are the 6SN7 or 12AU7. 
For higher inputs, a 12BH7 is to be preferred. Alternatively 
separate valves such as the 615 or triode connected 6V6's (or 
similar) may be used. 

The method of adjustment is as follows. The transmitter 
should be tuned and loaded in the normal manner with S 1 

set to c.w. Switch to PHONE and adjust VR~ i.e. the screen 
voltage of the p.a., to give an input or " residual carrier " of 
about one-fifth to one-eighth of the ful l carrier input under 
c.w. conditions. The audio gain control in the speech 
amplifier should then be slowly advanced while speaking 
into the microphone until the anode current rises on peaks 
to the value obtained under c.w. conditions. lf too small a 
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value of residual carrier is used, the signal tends to become 
difficult to tune-in initially. When receiving n series gate 
modulated signal it is preferable to switch off the receiver 
a.g.c. 

The advantages of series gate modulation may be sum
marized as follows: 

(a) Overmodulation on positive peaks cannot occur 
because as the a.f. voltage applied to C, (Fig. 9.l 4. 
is increased, limiting will occur in V1n and hence 
the a.f. voltage applied to the p.a. screen cannot 
increase. 

(b) Splatter caused by the breaking up of the carrier 
by ovem1odulation on the negative peaks cannot 
occur because the screen voltage cannot fall below 
the value selected by the residual carrier control 
VR:. Thus a simple but effective means of speech 
clipping is available merely by slightly advancing 
the audio gain control beyond the point specified 
above. Too much clipping in this manner will, 
as is usual, tend to decrease intelligibility rather 
than increase it. 

(c) In the cw position of S1 the modulator functions 
as a normal clamp circuit and so protects the p.a. 
under key-up conditions. 

The disadvantage is that a negative bias supply is required. 
This is not necessarily available with the widespread use of a 
clamp valve on the p.a. stage. A battery or n well-smoothed 
supply is necessary. 

Thus even a 150 watt input r.f. power amplifier may be 
modulated by a small unit using two twin triodes. The small 
size and power requirements of such a modulator make it 
ideal for mobile or portable equipment. It is also a con
venient way of modifying a c.w. transmitter for telephony 
operation with the minimum of expense and addition. 

Suppressor-grid Modulation 

The gain of a pentode may be controlled independently 
of the other voltages by varying the voltage applied to the 
suppressor-grid. This fom1s the basis of the suppressor-grid 
modulation system in which the a.f. modulating voltage is 
added to the suppressor-grid bias, as shown in Fig. 9.16. This 
form of modulation is one of the simplest to adjust, and is 
capable of producing up to about 95 per cent modulation 
with very little distortion, and requires only a small amount 
of a.f. power. Adjustment is carried out by changing the 
grid bias in a negative direction by an amount which reduces 
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Fig. 9.16. Suppre uor .. grid modulation. The biat on tho 1uppru1or 
1rid needs to be c:are(ully adjusted. 
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the anode current to one ha lf of that obta ined for c.w. 
working. The peak value of the a.f. voltage applied to the 
suppressor will need 10 be equal 10 this change cf 
suppressor-grid bias, and under these condi tions practically 
full modulation "ill be obtained. 

Gr id-leak Modulat ion 

A form of grid modulation "h1ch is occasionally used 
for low-power operation i. called grid-leak 111od11lario11. 
If, in an r.f. amplifier which obtains its operating bias 
solely by the grid-leak method. the value of the grid leak is 
varied, the grid bias and hence the output will also be 
varied. In practice this ma~ be accomplished by using a 
valve as the grid leak (Fig. 9.17). The usual adjustments 
should be made to grid drive and aerial loading for approxi
mately one half of' the normal c:.w. output. U nder these 
conditions the aeria l currc111 should rise during modulation 
by the normal amount. 

The power efficiency of this sys tem is very low. being about 
25-30 per cent, but 0 11 the other hand it is probably the most 

HT+ 

• RF INPUT 
I 

~ 

HT-

Fig . 9.1 7. Grid-l c:\lc niodul:Hion. This system r"equ ire$ the m 1n1-
m um amount of ;rn dio equipment but the r.(. effi ci ency is low. 

economical system since it can be made 10 fuoc1ioo success
fu lly wi th only a carbon microphone and its transformer 
and one sma ll triode. 

Cathode Modulation 

Modulation may nltcrnalivcly be applied to the cathode 
circuit of the p.a. as illustra ted in Fig. 9.18. This is known as 
cathode 111od11/a1io11. ln effect both anode and grid voltages 
are varied simultaneously with respect to the cathode. 
Cathode modulation is therefo re a compromise between 
anode modula tion a l high output efTicicncy and grid modu
lation at low output efficiency. By suitable adjustment, 
any desired proportion or each form may be achieved. 

The ratio of the respective amounts of anode modula tion 
and grid modulation is controlled by the value of the grid 
bias on the p.a., which in turn will determine the amount 
of audio-frequency power requi red. The latter determines 
the amount of anode modulation, while the former 
determines the amount of control that a given value or 
modulating voltage will have. The grid bias, of course, will 
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Fig. 9.18. Cathode m od ulatio n. This m ethod Is" co mbination of (a) 
anode mod ulatio n w ith Its high out put efficiency and high-mod· 
ulation-powor require m ent nnd ( b) grld rnodulation with its low 

output e fficiency and low m udu l:itlon .. power requircn1e.nt. 

depend upon the value or the r.f. and a.f. voltages. A groaler 
range of adjustment in the grid ci rcuit may be obtained if 
the grid return can be taken lo a variable tap on the secondary 
winding of the modulation transformer; for this reason 
a multi-ratio type of transformer is preferable. 

The setting-up of such a circuit can be fairly complicated 
because in addition lo the normal adjustments, tl1e pro
portion of grid and of anode modulation should be adjusted 
to obtain full modulation. However, once set up the system 
is capable or very good results. 

Low-level Modulation 

The modula tion systems so far considered are known as 
" high-level " systems because the modulation is applied to 
the r.f. stage working at the highest power level. There is 
no reason why the modulation should not be applied to a 
low-pmver stage, the modulated output of which is then 
amplified. This " low-level " modulation system is used in 
s.s.b. transmitters and is occasionally found in other amateur 
equipment. The modulated r.f. voltage can be amplified to 
increase the output power, but in order to avoid distortion 
of the modulated wave the r.f. ampli fiers following the 
modulated stage must be o f the linear type. 

The reader is referred to Chapter 10 (Single Sideband) for 
details of the design and operation of linear amplifiers. 

Choice of Modulation Syst e m 

There is little doubt that anode modulation is the most 
effective system of amplitude modulation from many points 
of view. It has, however, the disadvantage that the audio 
frequency power requirements are the highest, and thus the 
modulator and associa ted power supply arc expensive and 
often complicated pieces of equipment. 

It may be argued that the overall power efficiency of a 
transmit ter employing one of the so-called efficiency
modulation systems is much higher on account of the smaller 
amount of audio power required. This may well be a power
ful argument in the case of portable, mobile or battery-



operated equipment, but such systems an! not often adopted 
for fixed-station work. There is not a great deal of difference 
between any of the variable-efficiency methods. T hey are 
all capable of excellent results, but in general they are harder 
to adjust correctly than the anode-modulation system. 
The published valve ra tings usually refer to maximum 
sinusoidal conditions, but owing to the " peaky " nature 
of the speech waveform the average conditions are 
appreciably less arduous, and with very great care in 
adjustment and operation these circui ts can be safely 
operated at somewhat higher ratings than those usually 
published for a given valve. Perhaps the greatest advantage 
of variable-efficiency systems is that they present a convenient 
method of telephony operation to the amateur whose 
main interest lies in c.w operation. 

MICROPHONES 

The microphone is the starting point of any electrical 
system of speech communication, as it is the device which 
converts the energy of tbe sound wave of the hw11an voice 
into electrical energy. The output voltage or current can 
then be amplified and used to modulate a radio transmitter. 

Basic Acoustical Principles 

A sound wave is a wave of alternating pressure and rare
faction spreading out from the source, in which the instan
taneous air pressure at any fixed point varies above and below 
the mean atmospheric pressure by an amount which deter
mines t he intensity of the sound. The wavefonn of this 
pressure variation is a curve whose shape determines the 
characteristics by which one sound differs from another. 
For example, a pure sine wave of pressure results in a single 
lone described as " pure," the frequency detennining the 
pitch. Different musical instruments all playing a note of 
the same pitch produce waves of varying harmonic content, 
the proportions of which determine the tonal quality or 
timbre of the sound. Harmo11ics (or overtones) similarly 
determine the characteristic differences between the male 
and female singing voices. T he important parts of the wave
shape of speech sound are the harmonics of the fundamental 
pitch and the transient wave-shapes. 

The pressure of a sound wave represents the variation 
about the mean pressure, and is usually measured in dynes 
per square centimetre. \Vhen referring to sinusoidal waves 
either the peak value or the r.m.s. value may be used as in 
other alternating quant ities, the r.m.s. figure being more 
generally quoted. 

In an electrical circuit an e.m.f. or electrical pressure 
produces an electrical current, the magnitude of which 
depends upon the electrical resistance. In an analogous 
manner an acoustical pressure-wave is accompanied by a 
movement of the a ir particles, which may conveniently 
be measured by the velocity of these particles. This velocity 
depends upon the acoustic impedance of the air space upon 
which the pressure is acting. This impedance depends 
in turn on the distributed mass and elasticity of the air, 
and can be regarded as a " characteristic impedance " 
similar to the characteristic impedance of a cable or trans
mission line which is determined by the d istributed induc
tance and capacitance. 

The wavelen!?th of an acoustic wave is derived in the 
same way as tha t for a radio wave, e.'Ccept that the wave 
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velocity in air is approximately 344 metres/second compared 
with 300,000,000 metres/second for electromagnetic waves. 
This wave velocity is a constant figure for a ny given gas 
or liquid at a specified temperature and must not be con
fused with the particle velocity referred to above, which 
depends upon the acoustic pressure. 

Thus, the wavelength corresponding to a frequency of 
100 c/s is given by: 

,\ = 34,400 = 344 cm. 
100 

and that corresponding to a frequency of J0,000 c/s by: 

,\ = 34,400 = 3.44 cm. 
10,000 

Microphones can be designed so that their electrical 
output voltage is proportional either to the acoustic pressure 
or to the particle velocity, thus giving rise to the terms 
pressure microphone and velocity microphone. 

The pressure microphone, provided it is small enough to 
avoid com11lications due to reflection of the wave, will give 
a constant output no matter in what direction it is facing 
relative to the direction of travel of the wave. In practice, 
however, when the frequency is high enough for a half-wave 
to approximate to the size of the microphone, or higher, 
the microphone wi ll be more rcspoDsivc to sounds from a 
direction facing the microphone than to those from the 
sides or the rear. Thus, at 10,000 c/s where the half
wavclcngth is 1 ·72 cm. the " front-to-back " ratio would 
be quite high for a microphone 3 in. in diameter, whereas 
a t 100 c/s, corresponding to a half-wavelength of 172 cm., 
the same microphone would give the same output regardless 
of the direction of the sound. 

The tem1 velocity has no meaning unless it is associated 
with a direction as well as a magnitude, since sound waves 
consist of longitudinal movements of the air particles in 
the direction in which the wave is travelling. The velocity 
at any point is at a maximum in a direction facing the source, 
a nd zero in a direction at right angles to this. Thus a velocity 
microphone, i.e. one in which the output is designed to be 
proportional to the particle velocity, will have maximum 
output when facing towards or away from the source 
and zero output when at right angles to the source; more
over, the output is independent of any reflection effects 
referred to earlier. i.e. it is zero in the perpendicular direc
tion, even at the lowest frequencies. 

An ideal pressure microphone has a polar diagram con
sisting of a circle. while a velocity microphone has a diagram 
like a figure-of-eight, similar to that of a dipole aerial. 
These diagrams apply in any plane, which means that for a 
pressure microphone the solid polar diagram is a sphere, 
while that for a velocity microphone is two spheres touching 
at the point represented by the microphone. 

Basic Electro-mechanical Principles 

All practical microphones consist of a mechanical system 
in which some pan moves in sympathy with either the 
acoustic pressure o r the particle velocity, or a combination 
of both. The pressure microphone comprises a closed 
chamber containing air at normal atmospheric pressure, 
part of this chamber being made in the form of a diaphragm 
which, if it is small and light, wil l move in sympathy witb 
the variations in air pressure produced by the sound wave 
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outside the chamber above and below the mean pressure 
of the air inside the chamber. 

In a velocity microphone, however, a very light membrane 
with both sides open to the air is used. When the plane of 
the membrane is at right angles to the direction of the air 
movements, it will move with the air, and its velocity will 
be almost the same as that of the air particles if it is light 
enough. 

To convert a movement of the diaphragm of the pressure 
microphone or of the membrane of the veloci ty microphone 
into an electrical output either the resistance of a circuit may 
be varied, as for instance by the use of carbon granules, 
or electromotive forces may be produced by electro-mag
netic induction or the piezoelectric effect. 

Microphone Characteristics 

Brief details are given below of the construction and 
characteristics of the more common types of microphone. 
Reference should be made to the manufacturers' literature 
for more detailed information. 

The Cnrbo11 1'1icr(Jp/1011c. In this microphone a small 
capsule filled with carbon granules is attached to a dia
phragm, and the effect of the varying pressure of the sound 
waves is to cause a similar variation in the resistance of the 
capsule. When connected to a source of constant voltage 
the microphone thus produces a varying current. The 
normal resistance of the capsule is generally between 200 
and 1000 ohms and the polarizing current should be in the 
range 5-40 mA according to the particular design of capsule. 

The source of current may be a small dry battery or a 
potential divider connected across the h.t. supply to the 
speech amplifier, as shown at (A) and (D) in Fig. 9.19. To 
match the low impedance of the microphone circuit to the 
high impedance of the input grid circuit of the amplifier, a 
transformer with a largo turns-ratio is required; any ratio 
between l : 30 and I : 100 should prove satisfactory. 

Although these microphones arc very sensitive, the fre
quency response is poor compared with that of most other 
types. An output of between 5 and 15 volls can be expecied 
across the secondary of the transformer when speaking 
close to the microphone, depending on the transfom1er 
ratio and the polarizing current. To avoid distortion, the 
latter should be kept as low as possible consistent with the 
output required. 1t will be appreciated that a microphone 
which utilizes the change in pressure between a multitude 
of contact points cnnnot be as free from distortion as some 
of the more elabornte types described below. 

The carbon microphone is particularly convenient for 
portable use as its hig,h output is capable of fully driving 
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valves such as the KT66 and 6L6 directly from the micro
phone transformer. An alternative method of using a 
carbon microphone is shown at (C) in Fig. 9. l 9. Here the 
microphone acts as the cathode bias resistance of the first 
valve, the grid being earthed. This form of connection 
avoids the use of a transformer and a separate polarizing 
supply, and is capable of somewhat bet ter quality, although 
the output may be lower. 

Tlte Transrerse-c11rrent 1\1/icroplzone. T his is another 
form of resistance microphone employing carbon granules. 
It has a mica diaphragm, usually rectangular in shape, 
behind which is a shallow chamber containjng very fine 
carbon granules. The polarizing current passes between 
carbon electrodes which are placed at opposite edges of the 
chamber so that the granules form a thin layer of carbon 
through which the current passes from one edge to the other. 
As with the simple carbon microphone a polarizing current 
and step-up trausfom1er arc required. Because the dia
phragm is heavily damped all over its surface by the carbon 
granules, the frequency response is much better than that 
of the capsule type, although the sensitivity is lower. An 
output in the order of 0· 1-0·5 volt across the transformer 
secondary can generally be obtained. 

Tlie Movillg-coil Microplw11c This microphone is an 
electrodynamic type. Its construction is very similar to that 
of a moving-coil loudspeaker, except that the whole con
struction is very much smaller. The impedance of the coil 
is generally 20-50 ohms. When the diaphragm is caused 
to vibrato by the sound pressure an e.m.f. is developed 
in the coil and no polarizing supply is necessary. A step-up 
transformer, however, is required to feed the grid of the 
first amplifier valve. A very good frequency response can 
be obtained, and this type of microphone is commonly 
used in broadcasting studios. The output from the second
ary of a suitable transformer is usually not more than about 
0·5 volt. A miniature moving-coil loudspeaker can some
times be made to serve as a fairly satisfactory microphone, 
but its frequency response will not be as good as that of 
a specially designed instrument. 

Tlte Ribbon Microplzone. This type of microphone has an 
output proportional to the velocity of the air particles. The 
main difference between its operation and that of a pressure 
microphone is that it has a figure·of-cight polar diagram; it 
is thus necessary to align its axis with that of the direction of 
the sound source. 

The most common form consists of a very thin strip of 
aluminitun foil (about 1 in. long, O· I in. wide and 0·0003 
iu. thick) supported between the poles of a permanent 
magnet. As the ribbon vibra tes it cuts the magnetic field 

.__.._ _ __.-oHT-

(c) 

Fin. 9. 19. Typical carbon 
microphone in pu t circui t$. 
In (A) the polarixing current 
ill' obtained from a small 
b~ttcry: in ( B) a potential 
divider across the h.t. 
supp ly is used :is a substitute 
fo r the battery: in (Cl the 
niicrophone is used to 
modulate the cathode cur· 
rant direct ly by ~cting ;is 3 
v3riablc othode: • bi:u 

rcsi,tance . 
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between the poles, an<l so an e.m.f. is induced in the strip. A 
step-up transformer is nonnally placed within the micro
phone case to transform the very low ribbon impedance 
to 50--250 ohms to make the microphone impedance suitable 
for working into a cable, and a further step-up transfonner 
is used at the amplifier input. No polarizing current is 
required, and the frequency response can be very good, 
although the sensitivity tends to be rather low. 

The Co11de11ser Microp'1011e. The condenser microphone 
consists of a thin conducting diaphragm which forms one 
plate of a capacitor whose capacitance varies when actuated 

HT+ 

Fig. 9.10. Condenser micro .. 
phone in put circuit. The 
resistanc.e R muse be v&ry 
high and is usually ol che 
order of sevaral m egohms. 

by sound waves. A polarizing voltage of 100- 200 volts 
is required in series with a very high resistance across which 
the output voltage is developed. The usual circuit arrange
ment is shown in Fig. 9.20 where R is the resistor across 
which the output voltage appears. Because the capacitance 
of any connecting cable will reduce the output, it is necessary 
for the first stage of the amplifier to be close to the micro
phone. Consequently the first stage of the amplifier is often 
built into the microphone housing. Owing to this complica
tion and to the fact that the normal output is generally 
very low, condenser microphones are not commonly used 
in amateur stations. 

Tiie Crystal Microplio11e. This type of microphone 
utilizes the piezoelectric effect whereby any mechanical 
stress applied to a suitably cut piece of certain materials 
such as quartz or R ochelle salt generates an e.m.f. between 
opposite faces. Such microphones arc very popular amongst 

Fig. 9.21.Crystal microphon" 
input circu it. 

amateurs since their frequency response is usually very good, 
and neither a polarizing voltage nor a transformer is required. 
They can be connected directly to the grid of the first ampli
fier stage through a moderate length of screened cable 
(up to about 8 ft.). A high resistance must, however, be 
connected across the output at the grid of the valve, as shown 
in Fig. 9.2J . This should be 2-5 Megohms; any value lower 
than 2 Megohms will impair the output at low frequencies. 

There are two types of crystal microphone in general 
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use. The most common consists of a diaphragm which acts 
directly on the crystal (nom1ally Rochelle salt). In the second 
type, known as the " cell " type, the diaphragm is dispensed 
with, and the sound waves act directly on a pair of crystals 
which form the surface of a flat cell.. Both types are capable 
of excellent quality, the latter type having a better frequency 
response but being less sensitive. 

Re lative Sensitivities 

In conm1ercial practice the output of a microphone is 
generally specified in decibels relative to a reference level 
or one volt per dyne per square centimetre of acoustic 
pressure. F or amateur purposes, however, it is more con
venient to be able to estimate the actual voltage output 
which is likely to be obtained from the various types of 
microphone described above when the microphone is 
held in the hand of the speaker and is actuated by normal 
speech. An approximate indication of typical output 
voltages is given in Table 9.2. 

SPEECH AMPLIFIERS 

T he term speech amplifier is generally applied to the stage 
or stages of an a.f. amplifier whose function is to amplify 
the low output voltage of a microphone to a level suitable 
for driving the modulator valves which form the last stage 
in the audio frequency chain. The speech amplifier may 
consist entirely of volrage amplifiers, i.e. amplifiers which 
increase the signal voltage without having to supply power 

TABLE 9.2 
Voltage Output of Various Microphones 

Type 

Carbon (copsule) 
Tnnsveru·-eurrcnt 
Condonsor 
Ribbon .. . 
Moving-coil .. , 
C rystal (diaphragm) 
Crystal (cell) 

Tra nsformer 
Ratio 

30-100 
20- 40 

10 
30- 50 

Vo ltage at 
Grid 

5 - 15 volu 
0- 1-0·3 vol IS 

0·05 volts 
0·03 volts 

0· 1-1>·5 volts 
0-0S voltt 
0-01 volts 

into the load, or iu some cases the final stage o f the speech 
amplifier may be a power amplifier. This is only necessary 
when the modulator valves are driven so hard that grid 
current flows. 

Voltage Amplifiers 

Audio-frequency voltage amplifiers may be divided into 
two categories, viz. resis•.ance capacitance (RC) coupled 
amplifiers, and transforn>er-coupled amplifiers. The basic 
circuit of an RC-coupled amplifier is shown in Fig. 9.22. 
The voltage amplification of such a stage is given by the 
expression: 

v..., _ ,,.(~) 
v,,. - Rt.+ r., 

where µ;= amplification ractor of V1 
r. = anode resistance of V1 

R1, = external anode load impedance 
11 is assumed that tbe value of R,, the following grid resistor, 
is greater than Rr.rJ(Rt. + r.) , a condition which is gener
ally fulfilled. 
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It will be seen from this relationship that in order to 
achieve high gain, RL must be large compared with r •. If, 
however, Rr. is made too la rge, the d.e. voltage-drop across 
it will be excessive and a high d.e. voltage will be necessary 
in order to maintain adequate voltage a t the anode of V, . 
In practice, RL is generally made 3- 5 times as large as 
' •· Grid bias for V1 is provided by the voltage-drop across 
the cathode resistor R,, which is by-passed by C,, to prevent 
negative current feedback wit I: resulting loss of gain. 

When V, is a pentode Rr. cannot satisfactorily be made 
greater than '• because the latter is normally of tbe order 
of several Megohms, and values o f R1, between 100,000 and 
330,000 ohms arc normally used with pentode amplifiers. 

The frequency response of such a stage (i.e. the variation 
of gain over the frequency range) is determined principally 
by the values of three capacitances: 

(a) The cathode bypass capacitor C,. 
(b) The coupling capacitor C,. 
(c) The total input capacitnnce C, of the following 

stage V,. 
The first two affect the response at low fr.equencies and 

have negligible effect at high frequencies, while the third 
affects the high-frequency response. 

The capacitance of the cathode bypass capacitor C1 

should be such that its reactunco at the lowest frequency at 
which amplification is desired should be small compared 
with the value of the cathode bias resislor. T his capacitor 
also serves a useful purpose in that it bypasses a.c. hum 

_____ ro_(~. v I 

V out :;;cs fl ( ~ Rg ! 
RI I_c_i_· _ __.~-~; __ ,___,__-o _.:.Y __ _.._ _ __...._ • HT-

Fig. 9.12 .. Basic circuit of n rcs•st.01ncc .. capncity volt:age amplifier. 

voltages between the cathode and the heater; hence it is 
advantageous to use a somewhat larger capacitor than that 
dictated by low-frequency response considerations. For most 
practical purposes a 25 µF capacitor is adequate. 

At low frequencies, the reactancc of the coupling capacitor 
c. increases, and since C, and R, form a potential divider 
the voltage appearing across /?9 , which is the input to 
the followin g stage, tends to fall. The relative gain at a 
low audio frequency, with respect to that at frequencies 
in the middle of the amlio range, may be found from the 
expression: 

R, 
---·---- x 100% 

Jn.: ~ wz~~ 
where R, and c. are the values of the grid leak and the 
coupling capacitor respectively of the following stage 
and w = 2-.rf Tn practice this means that the value of the 
coupling capacitor must be about 0·5 1•F for good low
frequency response. However, for speech, where good 
response below 300 c/s is not essential, a value of 0·01 µF is 
adequate for use with a grid leak R, of O· l Megohm or more. 
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At high frequencies the reactancc of c. falls, and as this 
capacitance is, in effect, in para llel with the output of the 
previous stage, appreciable high-frequency loss can occur 
if its value is too great. The capacitance c, is composed 
of the input capacitance of the valve V, and the various 
stray capacitances of the circuit components. 

The input capacitance of an amplifier valve with a resis
tance load is: 

C,.,,.., = C,. + (M + 1) C,. 
where C., = grid/cathode capacitance of the valve 

c,. = grid/anode capacitance of the valve 
M = stage gain 

This reflection of the grid-to-anode capacitance into the 
grid circuit is known as the Miller Effect, and in some circum
stances it may make the input capaci tance quite high. The 
relative amplification at high audio frequencies compared 
with that in the middle of the audio range may be calculated 
from the expression: 

J 1 +(~RC,),' x 100% 

where R = equivalent resistance of RL, r. and R, in 
parallel 

C, = total shunt capacitance 
This high-frequency Joss can be very important in the 

design of high-fidelity amplifiers, but for speech communi
cation where an upper frequency limit of about 3000 c/s 
is acceptable it is not usually of great significance. 

Resistance-capacitance coupling is a cheap and convenient 
form of inter-stage coupling and is in a lmost universal 
use. It has the added advantage that it is not prone to pick 
up hum from stray magnetic fields, which can sometimes 

Table 9.3 

~ 
Rs RI Cc V out 

Valve (Mes- (K (µF) (V) Gain 
ohms) ohms) 

180 O· I 2·0 ·032 21 12 
ISO O·U 2·8 ·016 33 12 

t·l2AU7 ISO CH7 H -<XJ7 '40 12 
300 O· I 1·9 ·032 +I 12 
300 O·ll 3·0 ·016 68 12 
300 0·17 4·0 ·007 80 12 ,,__ 
180 0·21 1·6 ·014 18 29 
180 0·47 2·6 ·009 19 31 

HlAT7 180 1·00 H ·006 lO 18 
300 0·22 l·l ·015 22 31 
300 0·47 l·l ·009 23 36 
300 1·00 1·25 ·006 24 38 - ,_ ------- -----
ISO 0 ·22 3·0 ·Oil 1 4 53 
180 0·17 3'S ·006 31 59 

H2AX7 180 1·00 3-9 ·003 39 63 
300 0·22 2·2 ·013 54 59 
300 0·17 2·8 ·006 60 65 
300 1·00 3·1 ·003 79 68 

Symbols as in Fig. 9.21 (R1. assumed to bo tOO K ohms) 

T able 9.4 

HT RL R2 RI Rg V out 
Valve (V) (K (Mog- (K (K <V) 

ohms) ohms) ohms) ohm•) Gain 
- - - - - - - -- ,....._ - -

200 100 0·39 1-0 330 '40 106 
EF86/Z729 300 100 0·39 1·0 330 61 116 

200 220 1·0 2·2 690 36 176 
300 no 1·0 N 680 51 188 

R2 is value of screen·dropoor ,.eshto r, :tSJumed to be byp:usod to 
earth by O· I µ S:: cap:icitor. Otherwise /11.ymbols arc as in Fir .. 9.12. 



be troublesome with transformer-coupled circuits. ll may 
be used with either triodes or pcntodes, and in fact iL is the 
only suitable fo rm of coupling with high-t~ valves because 
of the difficu lty of making a transformer suitable for oper
a ting wi th the high load impedances associated wi th such 
valves. 

Operating conditions for typical RC-coupled amplifiers 
are given in Table 9.3 (triodes) and Table 9.4 (a.f. pentode). 

HT+ 

(b) 

:1111 INPUT 

HT- HT-

Fia. 9.23. Alternative arrangements of t .ransformer-coupled 
am plifiers. 

T ransformer-coupled Amplifiers 

Transformer-coupled amplifiers are ordinarily used only 
when it is desired to amplify power rather than voltage, 
or when a push-pull output is required from a single-ended 
input. For most effective operation low-,.., triodes operating 
in <.:lass A are generally used because the low anode loads 
required make the design of the transformer easier. 

Two alternative arrangements are shown in Fig. 9.23. ln 
(a) a parallel feed to the transformer is shown, in which there 
is no d.c. flowing through the primary and thus there is no 
reduction in the impedance of the primary winding. The 
overall voltage gain of this arrangement is: 

Gain = µ. - -- -( Ri ) (N') 
R r, + r. Np 

In the arrangement shown at (b) in Fig. 9.23 the trans
former carries the d.c. anode current of the valve, and to 
prevent undue reduction of the primary inductance due to 
this effect the transformer may need a core wi th a sui table air 
gap. The voltage ampli fication, assuming no grid-currenl 
load on the secondary, is given by: 

( MN:) Gain = fL ¥ 

The frequency response of such stages is governed mainly 
by the characteristics of the transformer. At very low 
frequencies, the inductive rcactance of the primary winding 
falls, and as this forms either part of or the whole of the 
anode load of tl1e valve, the amplification will be corres
pondingly reduced. Thus, a high primary inductance is 
necessary for good-response at low frequencies. At the 
upper end of the audio-frequency range the self-capacitance 
and leakage inductance of the transformer become impor
tant, and may cause a resonant rise in the ampli fication. To 
maintain a uniform high-frequency response such trans
formers arc generally constructed with sectionalized wind
ings to reduce the leakage inductance and the sclf-c:ipaci
tance. 
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Mul ti-stage Amplifiers 

Several amplifiers may be operated in cascade, in which 
case 1hc overa ll voltage amplifica tfon is then the product 
of the individual voltage amplificat ions of each stage. 
lt is necessary to proportion the amplification of individual 
siagcs to avoid overloading. Tn high-gain amplifiers it is 
essential to prevent stray coupling between the stages, both by 
correct layout of components to a,·oid unwanted capacitive 
couplings, and also by adequately decoupling the h.t. 
supply to c;ich stage. A rcsiswnce of J0,000-33,000 ohms, 
and a capacitor of 4-8 µF is normally sufficient. 

Gain controls should be int roduced as near io the input 
as p ossible in the ampli fier chain to prevent overloading 
of tl1e early stages by strong signals. This may often mean 
inserting the control in the grid circuit of the first stage o f 
the amplifier, in which case the circuit should be adequately 
screened to pre\'Cnl the pick-up of hum voltages. Jn such 
circumstances it may be preferable to insert the gain control 
in the second stage. 

Push-pull Amplifiers 

A push-pull s tage requires the two grids of its two valves 
10 be driven by identical voltages of opposite polarity. 

INPUT 

... - -@ 
PUSH- PULL 

STAGE 

© 
Fig. 9.24. By using a transformer which h:u a ccntrc•tappcd secondary 
wind ing, a bal:lnccd output s ui table for driving a push .. pull stage 

is obtained. 

In class A slages no grid current will be produced by this 
voltage, but in class B stages grid current will be caused to 
now, and the driver stage must be able to supply power for 
this 1>11rposc. It should have a low output impedance so that 
no waveform-d istortion of the voltage is caused by the 

Fi~. 9.lS. Push-p ull cathode-follower driver stage. The cathode 
outpu t ci rcuit has a low impedt\nca and is suitable for working 
into a stcp·up transformer fo r dri ving a cl3$$ 8 push-pull output 

staec. 
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variation. of the grid current over the audio cycle. The 
various methods of obtaining the push-pull driving voltages 
arc discussed below. 

Ce11tre-tapped 1'rn11sfol'111ers. The transformer-coupled 
amplifier using a transformer with a cen.trc-tappcd secondary, 
as shown in Fig. 9.24, is the easiest way of obtaining a push
pull output. It can be used for supplying a push-pull 
grid circuit from a single-ended stage, a step-down ratio 
often being employed to obta in. the required low impedance 
in the drive circuit when the push-pull stage is of the class B 
type. Fig. 9.25 shows another arrangement in which the input 
tran.~former is a step-up transformer driving the push-pull 
stage in class A, while the folJowing push-pull stage (not 
shown) is driven from the cathodes of the first stage through 
a transformer having centre-tapped primary and secondary 
windings. This utilizes the property of the low-impedance 
output of the cathode follower circuit , and hence it is not 
necessary for this transformer to have a step-down ratio for 
driving a class B push-pull output stage. It should be noted 
that the gain of cathode follower driver stage is only about 
0·95. 

A transformer with a centre-tapped primary is used almost 
universally to couple a push-pull power amplifier lo its load. 

Cathode-coupled driver stages can be connected to the 
grid circuit of the output stage directly, withom the use 
of push-pull transformers, in the manner shown in Fig. 9.26. 
If the push-pull input to the driver stage is obtained from 
one of the circuits which follow, no transformers other than 
the modulation transformer are required. 

Pltase-splitti11g Cil'cuits. There are a number of circuits 
capable of producing balanced vollages of' opposite polarity 
(where grid current is not involved) for driving grid circuits 
in push-pull without the use of transformers. They all 
ut ilize modified forms of RC coupling with single or double 
valves, and are of course essentially voltage amplifiers. 
Such circuits are generally referred to as phase-splitting 
circuits. 
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Fie. 9.26. Push-pull cathod .. followcrdriverstaec usine direct coupling 
from c-he. cathode Joad resi st2nces to a clous B output stage. 

(a) Pampltase Circuit. This arrangement employs two 
similar valves, generally in the form of a cloublc-triode, 
as shown in Fig. 9.27. V, ac ts as a normal voltage amplifier, 
its output appearing across the series combina tion R, + R,. 
The part of this output which appears across R. is appl ied 
to the grid of v. and this. due to the phase reversal which 
occurs in an amplifier, produces an output in R3 of 
opposite polarity to that of the voltage across R, and R,. 
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lf the output voltages arc to be balanced, two conditions 
arc necessary. First that R1 + R, should be equal to R., and 
secondly that (R, + R2) / Rt should be equal to the vollage 
gain of V, . The use of close-tolerance bigh-stability resistors 

PUSH-PULL 
OUTPUT 

Fie. 9.17. P~rapha.se pha.se-splittinc circuit. The two triodes m ay 
conveniently be in the form of a double~triode. 

is recommended for R,, R, and R,. The value of the cathode 
bias resistor sbould be half the normal value for a single 
valve of the type used. 

(b) Split-load Phase Inverter. This circuit, shown in Fig. 
9.28, uses a single valve, the output voltage appearing across 

+ 
I 

: 
PUSH· PULL 

OU\ PUT . 
I 
I 
y 

Fig, 9.28. Split-load ph>Se-inverter circuit . 

two resistors , one in the anode circuit (RJ and the other 
in the cathode circuit (Rs). Since the same current Aows 
in R, and R!, equal voltages are developed across both 
resistors. The impedances to earth at the two output ter
minals arc, however, different because the anode im
pedance and the cathode impedance of the valve arc not 
the same. 

(c) Cathode-coupled Phase-spliller. Tbis circuit (Fig. 9.29) 
uses two similar valves coupled together by a coounon 
cathode bias resistor R. The signal is applied to one grid 
only, the other grid being connected to earth through a 
grid leak. A push-pall output is obtained from the two 
anodes, but the overall gain is rather less than half that of 
a single valve under normal RC conditions. 

INPUT 
PUSH - PULL 

OUTPUT 

Fig, 9.29. Cathode~coupled pha.s~inverter dreuit. 



Balancing Adjustme nts 
The amouot of unbalance which may be permitted between 

the two halves of the output of a push-pull speech amplifier 
is dependent on the amount of distortion which can be 
tolerated. In high-fidelity work, accurate balancing is 
essential, but in amateur transmitting practice this is not so 
important, and the use of high-stability resistors with a 
tolerance of± 2 per cent or even ± 5 per cent in the appro
priate positions generally ensures an adequate degree of 
balance. 

Nevertheless, it must not be deduced from this that it 
is UD11ecessary to check the balance of the input voltages 
to a push-pull modulator. This may be done by direct 
measurement of the two halves of the output by a high
resistance a.c. voltmeter (rectifier type), or preferably 
a valve voltmeter. 

The Cathode Follower 

Several of the preceding c:ircui.ts employ fairly high 
resistances in the cathode circuits of valves. The cathode
follower circuit incorporates a form of negative feedback 
which arises from the inclusion in the ii1put circuit of 
the potential developed across the cathode resistor. lf the 
value of this resistor is high enough tbe signal voltage appear
ing on the cathode will nearly equal the voltage applied to the 
grid. Such a circuit is therefore called a cathode follower, 
and although the output voltage is less than the input 
voltage, it appears across an effective resistance which is 
very low and is therefore capable of delivering substantial 
current without waveform distortion. 

T he Anode Follower 

Another circuit of this type which can be used as a phase
splitter is known as an anode follower. In this case the 
feedback is arranged so that the output voltage from the 
anode is similar to the input grid voltage, the effective 
output impedance again being very low. Whereas in the 
case of the cathode follower the output voltage is of the 
same polarity as the input voltage, in the anode follower 
the output voltage from the anode is of opposite polarity 
to the input voltage. 

Fig. 9.30 shows how this circuit can be used to produce 
a balanced push-pull output. The resistor R1 is made 

INPUT 

PUSH·PULL 
OUTPUT 

HT-

Fig. 9.30. The a node follower used as a phase inverter. 

equal to R ,, and the capacitor C1 equal to C:. The voltage 
appcarmg on the anode will be almost equal to the input 
voltage if the stage gain, in the absence of feedback, is 
made very high. This is achieved by the use of a pcntode 
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with a high anode resistance load. The push-pull output 
is taken from the anode and the input terminals respec
tively through suitable blocking capacitors. The output 
impedance of the half taken from the anode will, however, 
probably be much lower than that taken from the iJ1put, 
its impedance being equal to 2/g,., where fm is the mutual 
conductance of the valve which is used. 

Negative Feedback 

Negative feedback is commonly used in audio frequency 
amplifiers, but it is not oft en applied to the modulators 
of amateur transmitters. Negative feedback consists of 
feeding back to an earlier stage a proportion of the output 
of the amplifier in such a phase relationship that the feedback 
voltage has an opposite polarity to the input voltage which 
produces it. Since the effect of the feedback voltage is 
thus to reduce the effective grid voltage of the earlier stage, 
the overall result is to reduce the gain, but in return the 
distortion, the hw11 and the noise are reduced; in addilion 

c 
Fig. 9.31. Application of negative feedback to push··pull driver snco. 

1here are a number of 01her advantages of which the follow
ing are the most important: 

(a) Less change in amplification due to changes in 
supply voltages and valve characteristics. 

(b) Improvement of frequency response. 
(c) Reduced harmonic and inter-modulation distortion. 
(d) The ability to mcrease or decrease the outpu1 and 

input impedances of the amplifier, if desired. 

11 is this last properly which can be of great value in 
modulator design, as it presents a convenient means of 
providing a low-impedance driver stage for a push-pull 
modulator workiog under class D conditions. 

The feedback voltage may be obtained in various ways, 
rhe 1wo most commonly used being: 

(a) The provision of a separate secondary winding o n 
1he output transformer. 

(b) A fairly high-resistance potentiometer across the 
output of one stage, the tapping point of which is 
returned to the input either of the same stage or a 
suitable earlier one. 

A typical circuit showing the use of negative feedback 
in the push-pull driver stage is illustrated in Fig. 9.31. The 
magnitude of the feedback voltage is governed by the pro
portions of the potential dividers R1R~, suitable values for 
which arc 150,000 and 33,000 ohms respectively. The two 
blocking capacitors C may have a value of O· l i•F and 
should be rated at about twice the h.t. voltage used. 11 
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will be seen tha t when a vollage at one of 1he grids is in
creased the corresponding anode voltage will be decreased, 
and hence a feedback vollage opposite to that of the input 
voltage will be added 10 the grid , thus providing negative 
feedback. 

Overall N egative Feedback 

The use of negati,·e feedback need not be confined w tbc 
a.f. equipment only, but may be applied over the whole 
chain from the radio frequency output of 1he transmitter 
right back to 1he firs1 siagc of the speech amplifier. The 
basic arrangement of such an application is shown in 
Fig. 9.32. Herc Lis a small coil loosely coupled 10 the output 
of the transmiuer. The voltage developed across this coil 
is then rectified, and the resulting voltage may be fed back 
to the speech amplifier. 

Such a scheme has 1he advantage that it rakes account 
of distortion appearing anywhere in the transmitter, a 
particularly valuable feat ure since most of the distortion 
occurs in the modula tion transfo rmer and 1he modulation 

Fig. 9.32. Overall noeat ivc feedback. Part of the modul;,ted r.f. 
oucput voltage is rectified and fed b;ack to the firsc st.age o f the 

speech amplifi er. 

system. ll can also reduce hum introduced from the h.t. 
supply and from 1hc a.c. used for 1he valve heaters. It 
should be pointed out, however, that negat ive feedback 
cannot reduce the disionion resulting from over-modulation 
once cbe r.f. output has been reduced to zero, any more than 
it can reduce the distortion in an ordinary a.f. amplifier 
due co overloading which is severe enough to cut off the 
anode current. 
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f ie. 9.33. S imple speech amplifier ud nc a double triodo valve. 

Simple Speech-amplifie r. Circuit 

The circuit of a s imple sp<--cch amplifier is shown in Fig. 
9.33. This uses the two ha lves of a type 12AX7 twin-t riode 
valve in cascade. The low freque ncy response is restricted by 
the use of a low value (0·005 1~F) or coupl ing capacitor. At 
maximum gain, an output of 80 V peak-to-peak is available 
at the secondary oft he centre-tapped transformer for an input 
of SO mV at the firs t grid. The h.t. consumplion is 3 mA ar 
300 v. 

The particular characteri s1ics of some valves commonly 
used in speech amplifiers arc given in Tnble 9.5. 

THE MODULATOR STAGE 

ln a rnltage-control type of modulation system, such as 
grid modulation, it is sufficient to use a voltage amplifier 
as tbe modulator stage since only a negligible amoum of 
power is required. Other sys1cms, such as the very pcpular 
anode modulation, require considerable power o utput 
from the modulator stage which must therefore be designed 
specifically as a power a111plificr. 

One of the dominant factors in the design or a power 
amplifier is the anode-circuit efficiency. LI is uneconomical, 
in general, to operate such an amplifier in class A owing 
to the inherently low efficiency of tJ1is method, and the 
majority of modulators arc arranged to operate in class 

TABLE 9.5 

A Selection of Valves Commonly U sed as Speech Amplifiers 

Heater 

I T ype Class Ea Eg2 fm ' o µ Bue 
v A ( mA/ V) 

I l AT7 ... ... . .. Double··uiodo 6·3 0·3 I 250 - 5-5 10,000 ohms SS B9A 
12·6 0·15 

I 2AU7 ... ... ... Double-triode 6·3 0·3 250 ·- 2·2 7,700 oh nu 17 B9A 
12·6 0·15 

11AX7 . .. ... ... Ooublc·trlodc 6·3 0·3 250 - 1·6 62,500ohms 100 B9A 
12·6 O·tS 

6AM6 ... . .. ... Pcntodc 6·3 0·3 250 250 7-5 I M ohms - B7G 
6BR7 ... ... ... Pen code 6·3 O·IS lSO 100 1·25 2·3 M ohms - B9A 
6BS7 • ... ... Pen code 6·3 0·15 lSO 100 1·25 2·3M ohms - 89A 
EF80/ Zii9 ... ... Pen code 6·3 0·3 170 170 7·4 O·~M ohms - B9A 
EF86/ Zn9 ... ... Pcncodc 6·3 0·2 250 140 t ·B 2·5M ohms - 89A 
EF37A • ... ... ... Pen code 6·3 0·2 250 100 1·8 2·5M ohms - Octal 

• Grid cop cap 
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AB or class B. This naiurally leads to 1hc use of a push-pull 
circuit incorporating a pair or valve:; in order t0 keep 1he 
distor1ion to a reasonable level. 

.A.s already explained the grids and anodes of the valves 
in a push-pull circuit arc connec1ed to opposite ends of 
balanced circuits, generally in 1he form of centre-tapped 
transformers. Because of 1he close magnet ic coupling 
between the two ha lves of the windings the grid and anode 
vohage excursions of one valve are equal and opposi te 
10 those of the other; thus the momentary increase in the 
anode current of one valve during modulation is associa ted 
with a decrease in anode current of the 01hcr. T hese chnnges 
in anode current are combined in the output transformer 
so that the current in ihe seccndary load represents an 
effective addition of the two anode current changes. Any 
even harmonics produced will be automatica lly baltrnccd 
out and there will be li ttle harn10nic current in the 
output. For this reason a greater distortionlcss output 
power can be obtained from two \alvcs working in push-pull 
than from the same two valves connected in parallel. 

The various modes of operation of valves as power 
amplifiers have been described in Chapter 2 (Vnfres), but 
1he salient differences in the operating condi tions arc swn
marized here in order 10 emphasize the widely differing 
characterist ics of amplifiers operating in each class. 

Class A Amplifiers 

Class A operation may be defined as that in which the 
values or grid bias and alternating input vol tage arc such 
that a node current flows during the whole of the cycle of 
input voltage. la order that there should be no distortion 
in ihc output waveform it is necessary for the grid bias 
to be chosen so that equal positive and negative excursions 
of input voltage cause equal posi tive and negative clwngcs 
in chc anode current. This implies tha t the operative 
porcion or the valve characteristic should be as nearly 
linear as possible. The anode current in the presence of 
a signal remains at the same steady value as in the absence 
of a signal, since the equal positive and negative changes 
in anode current do not affect the average value. Thus there 
is a continuous dissipation of power in the valve, and hence 
the efficiency of a class A amplifier will always be low. 

Class B Amplifiers 

A class B amplifier is one in which the grid is biased 
approximately to the cut-off voltage, i.e. in the absence 
of any input signal the anode current is very low. Anode 
current therefore only flows for approximately half of the 
full cycle. In order to obcain high power-efficiency, class D 
amplifiers are commonly operated with a large input 
voltage, the peak value of which may be greater than that 
of the grid bias, causing grid current to fl ow over the piu·1. 
of the cycle where the grid potential becomes posi tive. 
Because this grid current flows for only part of the cycle, 
the driver stage must have good regulation to avoid dis
tortion of the input wave by the loading effect of the grid 
current. 

Because the anode current flows for only half of each 
cycle, class B operation at audio frequencies demands the 
use of two valves in push-pull in order that both halves of 
the input waveform may be reproduced without clis t()rtion. 
Such a push-pull class B amplifier can have a high anode 
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cnicicncy since, in the absence of an input signal, the anode 
current is very low. l lowever, owing to the variation in 
anode current with the input voltage, an iinode power 
supply with good regula tion is essential. Provided that the 
requirement of low grid-circuit impedance is met, class D 
operation enables full advantage 10 be taken of the portion 
of the anode-current/grid-voltage curve which lies in the 
positive grid region. This part of the curve is usually fairly 
lim·ar. The lower ponion of the characteristic is badly 
curved, but the cur\'cd portions of the two vah·e character
istics compensate each other when they arc combined in the 
out put circuit. Thus waveform distort ion can be kept 
reasonably low, while still retaining high anode efficiency, 
so that class B amplification is well suited for use in high
power audio amplifiers. 

Special valves wilh a high amplification factor, which arc 
suitable for operating at zero grid bias, have been developed 
for th is class of operation, typical examples being the DA41 
and the DA42 which when used in pairs will give an output 
of up to 200 wans. 

Class AB Amp lifiers 

lo class AB operation, which b an intermediate stage 
between class A and class B, the grid bias is insufficient 
I<> reduce the anode current to zero, and hence anode curren t 
flows for more than half of the input cycle but for less than 
1he whole cycle. ln class ABI, the input signa l is not per
mined to be large enough to drive the grids positive, whereas 
in class AB2 grid current is allowed to flow, and cons<>
quently the driver siage must be capable of delivering 
appreciable power. Since the fixed grid bias is higher than 
in class A, larger signals can be handled without grid 
current, and the standing anode current is less. The effici
ency and maximum power output are therefore greater 
than for class A. Operation in push-pull is, of course, still 
necessary to avoid distortion arising from the use of the 
curved part of the valve characteristic. 

To summarize the foregoing, as tbe mode or operntion is 
changed from class A through class AB to class B, the 
reduction in standing anode current and anode dissipation 
under no-signal conditions results in a considerable increase 
in the power-handling capacity and the anode efficiency. 
Aga inst this, however, must be set the fact that both the 
h. t. and grid-drive requirements be.come more critical. 
A greater input voltage is required and, in tho ca.c:e of class 
AB2 and class B operation, the driver stage must be designed 
Lo supply the grid power and to have good regulation. 
Since the anode current varies over a wide range the anode 
power supply must also have good regulation. 

As a genera l rule class D operation is liable to produce 
more distortion than class A, but it must be remembered 
tha t the overall distortion depends on many factors, and 
provided that the regult1 tion of the power supplies and the 
driver stage is good, and particularly if negative feedback 
is employed. the overall distort ion can be reduced to a very 
low level. 

Ultra-linear Operation of T etrodes and Pentodes 

Tn ultra-linear o r " distributed load " operation, tbe screen 
supply is obtained from taps on the primary winding of the 
output transformer as shown in Fig. 9.34. As the position of 
the lap is varied so that 1 he ratio a : /J changes from zero to 
100 per cent, the operating conditions of the output valves 
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Fie. 9.34. Ba.sic arr~ngement of an u!t ra-linea r output sQgc. 

change from those of a teirode to those of a triode. 
Ultra-lfoear operation thus provides a compromise 

between the high efficiency of tctrodes and the low distortion 
and uncritical load impedance of triodes. The ratio of a : b 
is not very critical and can be between 20 per cent and 50 per 
cent with an optimum value of about 40 per cent. 

Ultra-linear operaiion is now almost w1iversal in high 
fidelity audio amplifiers but its use is not common in amateur 
rad io modulators. It has undoubted advantages for this 
service, i.e. the matching of the modulator to the r.f. stage 
is not so critical and as the screen supply is obtained auto
matically, a high-wattage screen potentiometer or stabilizer 
valves are not required. It should be noted that as the anode 
and screen voltages are effectively equal, the output valves 
must be so rated. 

The Woden multi-ratio modulation transformer may be 
used for u ltra-linear operation as the tapping points 2 and 5 
on windings 1-4 and 3- 6 respectively provide a ratio of about 
40 per cent if the anodes are connected to 3 and 4 and a ratio 
of about 60 per cent if the anodes are connected to 1 and 6. 

The Use of Transistors in Modulation Equ ipment 

The main features of transistors, viz. 
(a) small space oc.cupied; 
(b) higher overall efficiency resulting from absence of 

heater; 
(c) much smaller components possible as a resttlt of ihe 

low supply voltage; 
makes their use highly advantageous in portable or mobile 
equipment. 

ll is, however, probably true to say that a standard practice 
for the use of transistors in modulation equipment for fixed 
station is only now becoming established. Undoubtedly, the 
features referred to earlit:r can be usefully employed in fixed 
stations, for example, a simple one- or two-stage head 
ampliiier for a crystal microphone, complete with battery 
can be built into the microphone case. 

A speech amplifier for an output stage which does not run 
into grid current may be made in a very small screened box, 
the necessary low voltage supply being obtained from the 
rectification and smoothing of the 6·3 volts-beater supply of 
the output stage. 

Such applications are dealt with in Chapter 3 (Semicon
ductors). 

Audio outputs of 30-50 watts may be obtained from 
transistors operating at a supply voltage of J 2 volts. Such an 
application is obviously very suitable for mobile use and a 
typical modulator is described later in th is chapter. 
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Outputs of 80-100 watts may be obtained from relatively 
cheap rraosistors, but the large heat-sinks and the low
voltage, high-current power supply required (24 voltS at 
4-5 amps) may or may not be considered a disadvantage. 

MODULATOR DESIGN 
AND CONSTRUCTION 

To design any particular modulating equipment it is 
necessary first of all to know (a) the voltage output of the 
microphone to be used and (b) the maximum audio output 
power required to modulate tbe transmitter fully. The inter
mediate stages can then be designed to provide the necessary 
voltage gain. The initial step in the des ign is the choice 
of a suitable output stage which will deliver the calculated 
amount of power. 

Powe r Required for Full Modu lation 

As stated at the beginning of this chapier, the audio 
power required for JOO per ceni modulation of a triode 
an1plifier when using tbe anode modulation system is 
one half of the d.c. power input to the r.f. amplifier, but 
in practice it must be remembered that the modulation 
transformer will not be free from losses: a typical efficiency 
is about 90 per cent. For this reason, about 10 per cent 
more audio power than the theoretical value should be 
provided. Thus, in order to anode modulate fully a p.a. 
stage having an input of 150 watts an audio power of 75 
watts + 10 per cent, say 83 watts, is reqllired from the 
modulator valves. In a tetrode or pentode p.a. stage in 
which both the anode and the screen grid are modulated, 
a further 10-20 per cent of audio power is required for the 
screen grid. Hence it is necessary to use modulator valves 
capable of delivering abottt 100 watts of audio power in 
order to fully modulate such stages when the input is 150 
watts. Since a small factor of safciy is always desirable, 
a suitable figure on which to base such a design could be 
reckoned as 120 watts. 

Modulation of Transistor R. F. Amplifiers 

It is difficult to obtain absolute linearity when amplitude 
modulating transistor r.f. amplifiers operating in Class C. 

Results can be greatly in1proved in many cases by the 
simultaneous assymetric modulation of the driver stage in 
addition to the normal modulation of the final stage. 

The audio power rcqllired is the normal amount to be 
expected plus a small percentage for the driver stage. 

Typical Modulator Valves 

The approximate economic ranges of audio power which 
may be obtained from different types of valves operating 
in various circuit conditions are given in Table 9.6. It will be 
seen that the maximum requirements of the British amateur 
station may be most conveniently met by using tetrodes 
or pentodes of 25 or 35 watts anode dissipation operating 
in class AB!, AB2 or B. 

Basic operating conditions of valves commonly used as 
modulators in this country arc given in Table 9.7. Reference 
to this table shows that under class AB2 or class B conditions 
there is considerable varia tion in both anode and screen-grid 
currents between zero and maximum signal conditions. 
There will consequently be a simila r variation in the bias if 
this is obtained from the voltage drop across the cathode 
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TABLE 9.6 

Modulation Power obtai nable under various circuit conditions 

Type of Valve CluaA 

Noval-bued ... 5 watts 
25 watt tetrode/pe~;odc (;inglc-~~dcd) .. · ... 10 watu 
25 watt tetrode/pontodc (double-ended) ... 15 watts 
3S w>tt tetrode/ p•ntode (sinil•·cndcd) ... 2S watu 
-40/SO wort triode ... .. . ... ... ... 20 W>tts 

resistor, and also in the screen grid voltage if this is obtained 
through the usual dropping resistor. 

The effect or such voltage variation is to cause the opera
ing conditions of the valves to be co ntinuously changing 
between zero and maximum signal levels, thereby preventing 
the run output of the valves from being obtained. 

It must be emphasized therefore that in order to obtain 
the maximum output from tetrodcs or pentodes operating 
in class AB2 or class B it is essential that all supply voltages, 
anode and screen grid and grid bias, are maintained 
as nearly constant as possible. As a general rule, all 
supply voltages should not vary by more than 5 per cent 
between zero and maximum signal condit ions. 

It will be appreciated, therefore, that fairly stringent 
requirements are placed upon the design of the power unit 
for such amplifiers. In particular, the grid bias voltage 
should be obtained from a small separate supply. 

These conditions arc not encountered to the same extent 
when triodes, and particularly those designed for zero bias 
operation, arc used. However, such valves require a higher 
anode voltage and more grid driving power for the same 
power output. 

A compromise which is fairly commonly used is a pair 

I 
1 
' 

Class ABI Clau ABl Class B 

12-IS watts 25-30 watu -
30 watts S0-70 watu -

30-SO watts 

I 
80-120 Watts 120 watts 

60 wotu 100 watt.$ I SO wotts 
'40 watts 100 watts I 50-200 wot ts 

of triodi>-connected 807s operating in class B with zero 
bias. In this arrangement, shown in Fig. 9.35, the input 
taken to the screen grids to which the control grids are 
connected through 22,000-ohm resistors. This circuit is 

Fir. 9.35. A pair of beam tetrodes, each with its two grid s 
connected togeth er. may be used as z.ero-bicu triodes in 

a class: B amplifier. 

capable of an output of 120 watts and requires an anode 
supply of 750 volts at 240 mA. These figures are similar 
to those for a pair of 807s operating in class A.B2. However, 
in the latter condition stable sources of anode and grid 
bias voltages are essential (although a grid-drive power of 

TABLE 9.7 

Characteristics of T ypical Modulator Valves 

I Peak I 
Heater Input 

Load I '• /g2 lo tg2 Voltage Resist· Power 
T~pe Clau - - -._ Vo Vgz (No (No (Ma.x. (Ma.x. (grid-to· a.nee Output 

sicnal) signal signal) sicnal) grid) anodo·to (watts ) 
[ V) (A ) (mA) (mA) ( mA) (mA) (V ) anode) 

(ohms) 

6AMS ... A 6·3 0·2 250 250 2 x II 2 x 1·6 2 x 13 2 x 4 · 1 32 24,000 4 
6AQ5 ... AB I 6·3 0·4S 250 250 2 x 35 2 x 2·5 2 x 39·5 2 x 6-S 30 10,000 10 
6V6 ... ABI 6·3 0·4S 28S 285 l x 35 2 x2 2 x 46 2 x 7 JS 8000 1'4 
EL84 ... ABI 6·3 0·76 300 300 2 X 40 2 X3 2x 72 2 x 8 70 8000 17 
6L6 ... A 6·3 0·9 270 270 - - 2 x 72-S 2 x 8 ·5 3S 5000 18·5 
6F6 ... ABl 6·3 0·7 37S 250 2 x 54 2 x8 2 X 74 2 x 18 SS 10,000 19 
6L6 ... ABI • 6·3 0·9 360 270 2x 44 2 x 2·5 2x 50 2 x 8·5 4S 9000 24-5 
KTSS ... AB I 52 0·3 200 200 2 x 110 2 x 7·5 2 x 113 2 x 22·5 29 2000 2S 
5763 ... AB2 6' 3 0·7S 300 225 l x 13-5 2 x 1·1 2 x 70 2 x 9 71 4500 25 
6BW6 ... A82 6·3 0·'45 315 285 2 x 3S 2 x2 2x n·5 2 x 8 90 5000 30 
KT66 ... AB I 6·3 1·27 390 275 2 x 52 2 x 2·5 2 X 62·5 2x 9 70 9000 30 
KT88 ... ABI 6·3 1·6 330 330 2 x 85 2 x 7·5 2x 95 2 x 20 80 3100 -40 
6L6 ... AB I • 6 ·3 0·9 360 270 2 x +I 2 x 2·5 2 x 102·5 2 X 8 71 6000 17 
807 ... ABI 6·3 0·9 600 300 2 X 40 2 x 3 2 x 75 2 x 9 60 10,000 47·5 
KT66 ... ABI • 6·3 1·27 480 375 2 x 40 2 x l·S 2x 87·5 2 x 9·5 80 5000 so 
KTBS ... ABI • 6 ·3 I ·6 450 HS 2X so 2 x 4 2 x 120 2 x 17·5 75 4000 6S 
EL37 ... ABI • 6·3 H 400 '100 2 x 50 2 X6 2 x 138 2 x 36 60 3250 69 
Kl77 ... ABI • 6 ·3 H 600 300 2 x 10 2 x4 2 x 100 1 x 10 94 11,000 72 
KT88 ... AB I • 6·3 1·6 600 330 2 x so 2 x 3 2 x 12S 2 x 16 70 5000 100 
Elli ... A82 • 6 ·3 l·S 800 -400 2x 25 2 x 3 2 x 91 2 x 19 67 11.000 100 
807 ... AB2 • 6·3 0·9 750 300 2 x 26 2 x 2·5 2 x 120 2 x 10 92 7000 120 
807t ... 8 6·3 0·9 750 - 2 x 6 - 2 l( 120 - 100 6650 120 
61'46 ... ABI 6·3 1·25 750 195 2 x 12 2 xl 2 x 110 1 x 13 100 8000 120 
KT88t ... 8 6·3 1·6 750 - 2 l( 10 - 2 x 140 - 360 6000 ISO 
OA41t ... 

I 
B 7-5 3· I 1000 - 2 x 22 - 2 x 140 - 220 7000 17S 

mt ... ABI • 6 ·3 1•6 1250 300 2x 28 2xl 2 x 130 1 x 13 71 15,000 200 
I 

• Fixed biu. Tho fia:urc 1 shown har& roluo to p-airs of valvos o peratini in push·pull. t Triode-c.onnoctod 
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only 0·2 watt is required), whereas the 1..ero-bias class B 
circuit does not require any grid bias or screen-grid supplies, 
but it does require a speech amplifier having a low-impedance 
output and capable of supplying 5·5 watts. Other valves may, 
of course, be used in this arrangement, e.g. the GEC type 
KT88 is capable of an output of 150 watts at an anode 
voltage of 750 volts and a grid driving power of 7 watts. 

The Modu lation Transformer 

The modulation transformer is a most important com
ponent, for its object is to superimpose the output of the 
modulator upon the d.c. supply to the r.f. stage in order to 
produce the required modulation: it must also convert the 
modulating impedance of the r.f. amplifier to the load 
impedance required by the modulator valves. To avoid dis
tortion the iron core should be of generous proportions, 
and modulation transformers should always be used well 
within their ratings. 

T he choice of a suitable modulation transformer should 
receive careful attention. Two conditions must be fulfilled: 
(a) the ratio must be correct in order to transform tl1e 
impedance of the modulated r.f. amplifier to the optimum 
load required for the modulator, and (b) the transfom1cr 
must be capable of handling the maximum power output 
over the audio-frequency range without undue distortion. 
Multi-ratio modulation transformers, of which the Woden 
types UM I and UM3 are excellent examples, are frequently 
used, since they enable adjustments of the matching condi
tions to be made. The use of miscellaneous transformers, 
such as mains transformers, which are not designed for audio 
work is not recommended as they rarely have the correct 
impedance ratio, and magnetic saturation or their cores is 
likely to occur even with relatively low values of direct 
current. 

The Driver Stage 

When the basic design of the output stage bas been 
determined, the next step is the choice of a suitable driver 
stage appropriate io the manner in which the output valves 
are to be run. As discussed earlier, operation in class B or 
class AB2 is usual, in which case medium-power triode valves 
or triode-connected tetrodes such as the 6V6 are commonly 
chosen a .. ~ drivers. It is advisable to employ a driver 
stage which is capable of providing about 50 per cent more 
power than the estimated power required to drive the output 
stage. If the output valves iu·e to operate in class A or class 
AB I thcd riverstage needs only to be a voltage amplifier using 
either transformer coupling or RC coupling to the output 
stage with one of tbe centre-tapped transformer or phasc
splitting circuits already described. The voltage-amplifying 
stages preceding the driver stage must have sufficient 
gain to produce the necessary amount of drive to the output 
stage when supplied with the normal output voltage from 
the microphone. It is good practice to make the first stage 
a high-gain amplifier (e.g. a pentode), but if further amplifica
tion is required one or two stages of medium gain arc pre
ferable to a second high-gain stage in order to avoid in
stability. 

Frequency Range 

T he frequency range of the modulator· should be restricted 
to the minimum necessary for intelligible communication, 
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i.e. to about 300-3000c/s. The low 
frequency response may be con
trolled by a suitable choice of 
grid coupling capacitor and grid 
leak (see voltage amplifiers, page 
9.13.) However, this is not of 
overriding importance as the l.f'. 
response inevitably tends to be 
reduced by any transformers used 
in the speech amplifier and 
particularly by the modulation 
transformer. 

[t is the reduction of the upper 
frequency limit which is far more 
important as this defines the 
overall bandwidth of the trans
mission. The upper frequency 
limit may be restricied by the 
inclusion of shunt capacitors 
(value 0·0005-0·0lJLF) across the 
anode loads of any RC coupled 
va lves in the speech amplifier or 
by connecting a capacitor of 
~imilar value and or suitable 

A typic:.I modulator valve 
for amateur use-the 
G.E.C. KT88. (Photo by 
courtesy of M·O Valve 

Company). 

working voltage across the secondary winding of the 
modulation transformer. A more satisfactory method of 
reducing the bandwidth is by the use of a low pass filter. 

It must be emphasized however that a modulator should be 
capable of satisfactory, i.e. stable and distortion-free, 
operation over the full audio frequency range. An amplifier 
which is stable only because its frequency range is signifi
cantly restricted cannot be considered to be a satisfactory 
design and will probably cause trouble sooner or later. 

Modulator Power Supplies 

The power supplies required by c lass A or class A.Bl 
modulators are relatively simple in view of the small variation 
in current drawn. A capacitor input smoothing circuit is 
generally adequate. 

ln class AB2 or class B operation, the anode, screen grid 
and grid bias voltages should not vary by more than 5 per 
cent between zero signal and maximum signal conditions; 
in other words, the dynamic regulation of the power supply 
must be very good. 

In order to achieve this, a choke-input smoothing circuit 
is necessary. The choke and transformer should be of 
generous design with low d.c. resistance. The choke should 
have the minimum inductance consistent with satisfactory 
operation of a choke-input filter and the largest possible 
value of smoothing capacitance should be used (at least 
32 t'F). 

The regulation may be further improved by the use of low 
impedance rectifying elements such as gaseous rectifier 
valves or semiconductor rectifiers. 

A separate well regulated supply should be used for the 
screen voltage, but care must be taken to ensure that the 
screen volts cannot be applied in the absence of anode 
volts; alternatively it may be obtained from the anode 
supply by utilizing the voltage drop across gas stabilizer 
valves sucl1 as the VRJ 50 or SJ 30. T he negative bias 
vollage may be conveniently obtained from a small separate 
supply which uses a reversed 240 volts/6-3 volts heater trans
former fed from the heater circuit. 



Reference should be made to Chapter J 7 (Power Supplies) 
for details of the design of power units. 

Constructio n Pract ice 

No matter how good the theoretical design of a modulator 
may be its vi rtues will be wasted unless the construction 
is given careful thought. ln addition to the usual practical 
points contributing to good workmanship, it is necessary 
ro ensure the correct choice of components suitable for rhe 
appropriate working conditions in regard to their structural 
features as well as their circuit values. It is particularly 
important that full consideration be given to the layout 
of the components and the supply leads in order to avoid 
unwanted feedback between poin ts of the circuit having 
high signal-potential differences and between low-level 
input circuits and power supply circuits. This matter of 
unwanted couplings between different parts of the circuit 
forms one of the most difficult problems in the construction 
of audio-frequency apparatus. fn addition care should be 
taken to avoid circulating earth currents; the use ofa common 
earth rail which is connected to chassis at only a single point, 
can aJso sometimes be helpful. 

The general layout of the modulator is usually determined 
to a. large extent by its power rating. As an example, 
consider a modulator suitable for a 25 wall transmitter. 
This would need to have a maximum output of about 15 

(A) MOOOLUION 
MAINS TRANSFORMER 

MAINS TRANSFORMER ( 
INPUT OUTPUT 

r-r 
(B) 

INPUT Cu~..f'+~oL 
Fig. 9.36. Suggested a l ternative layouu for a IS-watt m odu la tor. In 
(A} the power suppl y is inco rpo rated w ith t he a m plifier-modulator 
on a 14 in . x 12 in. chau is. In (B} the power •upply is exoludcd and 
the sixe of tho m odu lator chassis can be conside rably smaller. 
VI, Vl speech"'1nipllfier valves; VJ , V4 m odu lo.tor valves: Cl, Cl 
smoothing capadtor s; L I, Ll smooth lne chokes : R powe r-supp ly 

rectifier. 

watts, and would most likely use a pair of small tetrodes 
operating in class A'B I. All the components, including 
t he modulation transformer and power supply would be 
of quite small dimensions, and such a modulator could 
easily be accommodated on a chassis measming 14 in. x 12 
in. A suggested layout is shown at (A) in Fig. 9.36. The main 
requirement in such a scheme is tJ1at both the modulation 
transformer and the low-level input stages should be situ
ated as far as possible from the mains transformer and 
smoothing chokes. 

The stray magnetic field from a power-supply transformer 
or from a filter choke can induce mains-hum pick-up in an 
a.f. transformer if their cores happen to be oriented in such 
a way that there is mutual coupling between them. Such 
coupling is best minimized by a trial-and-error method, 
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moving one or other of the transformers to various positions 
and placing it at various angles while the equipment is in 
operation and thus finding the setting where the hum pick-up 
is el iminated. (Ca11tio11: Extreme care should be taken when 
working on " live " equipment.) Likewise there may be 
stray coupling between the input and output transformers of 
the a.f. amplifier itself, and the result may then be ao appreci
able amount of feedback (either positive or negative) which 
could seriously affect the performance. T his is rather more 
difficult to detect and to cure, but if the transformers arc 
widely separated and if their cores are arranged to be mutu
ally at right angles, the centre of one transformer being 
located on the magnetic axis of the other, the stray coupling 
will quite probably be negligible. 

The layout shown at (B) in Fig. 9.36 suggests an alter
native arrangement in which the power supply is not included 
thus pem1itting a smaller chassis to be used. 

Turning now to the other extreme and considering a 
modulator with an output power of up lo 120 watts, the 
modulation and h.t. transformers, the smoothing chokes 
and the capacitors become large and heavy, and so ii 
becomes necessary to separate the modulator and lhe power 
supply to avoid an unduly heavy unit. Generally the most 
convenient way to do this is to use one chassis to accom
modate the modulator and speech ampl ifier and the power 
supply for the speech-amplifier stages, and a second chassis 
to accommodate the power supply for the output stages. 
A typical layout fo r such a scheme is shown at (A) in Fig. 
9.37. The power supply for the speech-amplifier stages need 
only use a small transformer (e.g. a standard 250 volt 60 mA 
type), a small choke and a two-section electrolytic capacitor. 
If a separate heater transformer for the output stage is 
required, it is advisable to mount this on the modulator 
chassis as it reduces to a minimum the number o f inter
connecting wires required. Another suitable layout for 
a high-power modulator using a driver stage coupled with 
a driver transformer is shown at (B) in Fig. 9.37. 

In order to keep the microphone leads short when the 
transmitter is remote from the operating position, it is 
sometimes convenient to make the first one or two stages 
of the speech amplifier :is a ltead-amp/ifier uttit separate 
from the remainder of the modulator. Such a head amplifier. 
which can have its own ga in control, may be combined 

(A) (B) 
MODULATION MODULATION 

MAINS TRANSFORMER DRIVER TRANSFOR MER 

TR,ANSFORMER I NPUT 
TRANSFORM ER a co 0 J r~~1~i 

~o 8~1 1 ll!!ee 
C'/C' ~ J e 71~ 
82 

CLASS- 8 VS V6 
(,';;\ INPUT 
~ TRANSFORMER 

Fie. 9.37. Sunc1ted a lternat ive layouts fo r a high·power modulator. 
In (A} the small powe r supply required for the speech a mplifi er is 
included. In {B) t he power supplies aro excluded as t he s pa.c.8 is 
needed fo r t,he driver·input and clase B input tr~nsforme.ra.. A s uit.-

able chG#ia alJt• la 14 In. x 12 in. 
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with any other transmitter controls at some suitable position 
on the operating desk. 

The actual mechanical form of construction is not very 
important, the most convenient being the familiar inverted
tray type of chassis. Quite successful amplifiers may be 
built on a simple chassis consisting of a flat sheet of metal 
supported on a wooden frame. Where rack mounting is 
desired an alternative form of construction which can be 
especially recommended for high-power equipment is to 
mount the heavy components such as transformers and 
chokes directly on the panel, the smaller components 
such as the valves being supported on brackets mounted on 
the transformers. In this way the use of a chassis is avoided. 

GEN ERAL D ESIGN FEATU RES 

Without doubt the most critical stage in any a.f. amplifier 
is the fi rst voltage-amplifying stage. Its grid circuit is very 
prone to hum pickup and the signal voltage in it is quite 
low, resulting in a poor signal-to-hum ratio. Consequently 
it is advisable to screen the microphone input jack and all 
the wiring, together with the microphone transformer (if 
any) and the grid resistor, right up to the grid of the valve. 
If one of the double-ended older val\'cs is used, i.e. one in 
which the grid connection is at the top cap, it should at least 
have a screened top cap and preferably a complete screening 
can. Fo1 similar reasons the gain control should be inserted 
after the first valve rather than in its grid circuit. 

Another troublesome fault frequently encountered in the 
input stage is micropho11y which is apparent as a ringing 
sound when the valve is tapped and is due to the vibration 
of the valve electrodes. It can usually be cured by sub
stituting one of the special valves such as the GEC type 
Z729, Mullarcl EF86 (B9A base), and Mullard EF37A (octal 
base) which arc provided with a very high degree of internal 
bracing for reducing the relative movement between the 
electrodes. 

By comparison with the input stage, the remainder of the 
amplifier is relatively straightforward. If the layout is 
logically arranged and if adequate decoupling is included 
the biggest bugbear of amplifier construction- undesired 
feedback-can be avoided. Any layout which brings the 
input circuit of the amplifier near to the output circuit, 
or which brings the wiring of an anode circuit near to the 
grid circuit of the same valve should always be avoided. 

The O utput Stage 

If single-ended valves are used in the output stage, it is 
advisable to mount them in ceramic or other good-quality 
valvcholdcrs, as the high voltage appearing at the anode 
pin has been known to break down the insulation of ordinary 
moulded bakelite valveholders. Stopper resistors for 
the grid circuits and/or anode and screen circuits, where used, 
should be placed as near as possible to the appropriate 
valve pins. Grid stoppers must not be used, for obvious 
reasons if the output stage runs into grid current, i.e. if it 
operates in class AB2 or class B. Such resistances should have 
the lowest value that will ensure the prevention of parasitic 
oscillations. Typical values arc 10 ohms for anode stoppers, 
100 ohms for screen stoppers and 1000 ohms for grid stoppers 
The grid stoppers of valves with top-cap grids should 
be attached directly to the grid connector. 
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Heater Wiring 
If the heater winding of the power supply transformer 

has a centre tap it should be earthed and the valve heaters 
wired with twistetl flex or screened cable to reduce the 
electric and magnetic fields. In any case the grid and anode 
leads should be kept as far away from the heater wiring 
as possible. The heater wiring is preferably laid along the 
corners formed by the ends and sides of the chassis, and if 
this is done screened cable will probably be unnecessary. 
1f in spite of these precautions the hum from the heater 
wiring still persists it is sometimes beneficial to disconnect 
the centre tap from earth and connect a small potentiometer 
or " humdinger" across the heater circuit, the slider being 
connected to ear th. A careful adjustment or this potentio
meter will generally balance out the last traces of hum. 

A major difficulty in tracing hum in new designs is that it 
may be arising from several different causes, so that changes 
which reduce hum from one source may have little effect on 
others. It is also very easy to produce misleading symptoms: 
for example, clipping on extra smoothing capacitors may 
actually cause the hum level to rise because incorrect earth
ing of the capacitor may inject some or the ripple current 
into a signal circuit-but this would not indicate that the 
unit had excessive smoothing. Smoothing capacitor con
nections to the earth "bus" line are, in fact, important and 
should be the mirror image of the h.t. positive distribution 
system (for this reason common earth connections in 
multiple section capacitors are sometimes to be avoided). 

The importance of using twisted leads for a.c. heater wiring 
is well known and correct and incorrect methods arc shown 
in Chapter 4--{H.F. Receil•ers). It is also necessary to sec that 
twisted leads, sensibly routed, arc used for pilot lamps and 
a.c. primary wiring. While a.c. leakage from the heater 
circuit usually produces 50 c/s hum as opposed to the I 00 c/s 
hum from full -wave h.t. ripple, it is worth noting that 
electronic conduction between cathode and hea ter due to 
the heater acting as an " anode" with low applied a.c. 
potentials (the heater voltage), can cause either 50 or 100 c/s 
hum. The remedy for this type of hum is to put a positive 
bias of about 50 volts on the heater line, provided that the 
cathode/heater insulation will stand this. T he bias potential 
saturates the electronic conduction. 

Where equipment develops hum after being in use for 
some time. it can usually be traced to defective valve intcr
electrodc insulation, or faulty electrolytics. 

Earth ing 

The actual earthing of the various points of the circuit 
should be carefully planned. Indiscriminate earthing of 
components to various points on the chassis is liable to 
set up circulating currents in it. It is better to take all the 
earth connections belonging to each stage to one point, 
as in r.f. technique. An alternative method particularly 
applicable to a.f. amplifiers is to run a busbar of thick tinned 
copper wire (10 or 12 s.w.g.) along the whole length of the 
chassis to which all earth connections may be made. One 
end of this busbar should be reliably connected to the 
chassis. It is important that all connections to the windings 
of input transformers should be made by means of twisted 
wires going through the same hole. On no account should 
leads to low-impedance transformer windings be taken 
through separate holes in a steel chassis. 



Choice of Components 

As in any other electronic device, the use of components 
of adequate rating is essential for reliable operation and 
long life. A power rating of t-i watt is adequate for many 
resistors in audio equipruent, but anode resistors will often 
need to be of a higher rating. The actual dissipation should 
be checked in each case from a knowledge of the current 
which the resistor carries, and a reasonable factor of safety 
allowed. This is also important for the cathode bias and 
screen-voltage potential dividers in which the power to be 
dissipated is sometimes quite high. All capacitors should 
have a reasonable safety factor in regard to the working 
voltage. Grid-coupling capacitors should be of the mica 
or ceramic type because even a very slight leak may have 
disastrous effects on the following valve. 

Metering 

It is helpful to be able to measure the anode or cathode 
current of each valve in the modulator since this provides 
an immediate check on the operating conditions of each stage. 
A low value resistor can be wired in series with each valve, 
a single low-reading milliammeter being switched across each 
resistance. The resistance should be considerably higher 
than that of the meter in order not to affect its accuracy 
appreciably. As an alternative, a meter may be plugged into 
each stage by means of a closed-circuit jack which completes 
the circuit when the plug is removed. 

The two valves in the output stage should preferably 
have independent anode current meters of their own, 
although a single meter for the combined anode currents 
is commonly employed. If separate meters arc not incor
porated, some means whereby a voltmeter can convenienlly 
be connected across the two cathode resistors should be 
provided in order to check the balance of the two output 
valves when setting-up the modulator and during operation : 
the two currents should not differ normally by more than 
10 per cent. 

Interconnections 

All interconnections should be as short and direct as 
possible, with emphasis on the adequate bonding together of 
the chassis of the modulator and its power unit am! 1!1e 
transmitter with thick copper wire. Circuits of either 200 
or 600 ohms impedance are commonly used for distribution 
of audio-frequency energy, but for the short cable lengths 
commonly encountered in amateur equipment this is not 
important, and audio input and output circuits of any 
convenient impedance up to several thousand ohms can be 
connected with good quality screened ficidble cables. 

Microplione-to-modulator. Microphones of the moving
coil or carbon type are preferably connected to tbe modulator 
or head amplifier by screened twin flex but coaxinl cnble 
is often used for crystal microphones. In order to reduce 
hum pick-up a preferred scheme for crystal microphones 
is to use screened twin flex with the screening connected 
to the microphone case at one end and, together with the 
" earthy" microphone lead, to the earthed ehassis at the 
other end. The other lead connects the live side of the micro
phone to the grid of the valve. As far as possible the screen
ing should be continuous from the microphone to the grid 
of the first valve. If coaxial cable is used the appropriate 
coaxial plugs and sockets will be required. When screened 
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twin cable is used it should be terminated in a screened 
two-pin connector. 

The use of coaxial cable for low-impedance moving
coil microphones is bad practice siuce it may result in serious 
hum pick-up: a screened twisted-pair cable is much to be 
preferred. 

111odulator-to-trarismittcr. Owing to the high voltages 
which exist across the secondary of the modulatiou trans
former, it is necessary to use a good quality heavily insulated 
wire for making the connections from it to the transmitter. 
The leads should be as short as possible, and preferably 
placed clear of metalwork and other leads. A point ofteu 
overlooked is that in a transmiuer which is also used for 
telegrnphy, the secondary winding of the modulation trans
former should be either short-circuited or disconnected 
from the power amplifier h.t. supply altogether during 
telegraphy operation. If this is not done the high voltage 
induced in the windings when the current through the 
secondary is keyed is liable to cause quite severe key clicks 
and may result in the breakdown of the transformer insula
tion. 

Radio-frequency Pick-up 

lnstability in a phone transmitter can often be caused, 
particularly when working on the higher frequency bands, 
by the existence of r.f. fields or currents in the vicinity 
of the high-gain a.f. amplifiers, the first voltage-amplifying 
stage being usually the most susceptible. Rectification of the 
modulated r.f. voltage takes place, and the resulting a.f. 
voltage is fed back into the transmitter through the modu
lator. Al some frequency the phase will probably be such 
as to produce positive feedback, and the whole system will 
oscillate at an audio frequency. This form of instability 
can best be cured by excluding the r.f. fields from the a.f. 
equipment. T he problem is similar to that of the suppression 
of ooc of the forms of TVI. Short, direct and screened 
wiring between ll1e modulator, transmitter and power 
circuits, in conjunction with the liberal use of r.f. chokes and 
bypass capacitors of 0·001--0·01 µFat each end of the power 
line is generally sufficient to effect a cure. 

The effect of an r.f. choke may be achieved very simply 
by slipping a small ferrite bead over the grid lead of a valve 
as close as possible to the grid pin on the valveholder. The 
ferrite bead increases the inductauce of the lead at that point 
without, of course, increasing the resistance and so acts as an 
r.f. choke. The bead should be fi"<ed in position by an 
adhesive. 

SPEECH CLIPPING AND 
VOLUME COMPRESSION 

Ucforc considering speech clipping in detail it is necessary 
to examine further some aspects of radio telephony which 
were discussed earlier in this chapter. 

Over-modulation, or the breaking up of the carrier wave 
by excessive audio output power from the modulator, 
gives rise to severe harmonic distortion and to the production 
of spurious sidebands. Tbis may cause the total bandwidth 
OCCLtJ)icd by an over-modulated trnnsrnissiou to extend to 
50 kc/s or more. While this ci<cessive bandwidth may not 
be apparent to a distant listener to whom it may only appear 
as a badly distorted signal of little more than norma 
bandwidth, it can cause extreme inconvenieoce to statioos 
in the immediate vicinity. These spurious sidebands, 
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which only occur on the peaks of modulation, may be 
received at considerable strength at stations within a radius 
of a few miles. This form of interference, or " splatter " 
as it is usually known, obviously prevents the reception of 
weak signals on frequencies adjacent to the over-modulated 
transmission and is an offence under the terms of the 
amateur transmiuing licence. 

For intelligible communication by speech, it is not neces
sary to transmit audio frequencies higher than about 
3 kc/s. The total bandwidth of an a.m. communications 
transmi tter need not therefore exceed 6 kc/s. This important 
point is perhaps not appreciated as much as it sbould be. 
There is unquestionably no justification in the over-crowded 
amateur bands of todny for telephony transmissions which 
occupy a bandwidth greater than that really necessary for 
intelligible communication. 

Although a pure sine wave and a speech waveform may 
have the same peak value, due to the peaky nature of the 
speech waveform, the average value of the latter is lower 
than that of a sine wave. This is shown in Fig. 9.38, where (A) 
represents a pure sine wa1'e having just sufficient amplitude 
to modulate a given transmitter to a depth of 100 per cent. 
(B) is a typical speech waveform also with just sufficient 
amplitude to give 100 per cent modulation on peaks. In the 
latter case, if the audio level is conscientiously adjusted to 
give 100 per cent modulation on peaks which may not occur 
very often, the average modulation depth wi ll be much less 
than 100 per cent, probably of the order of 30 per cent. If 
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_ ,:~°lo-\""'"'--] _.........\ )_ \........___] ----"""'"-\ )_\}""""--
+ 100°/o 

(•)~ 
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Fig. 9.38. Spooch clipping. (A) represents a sinusoidal modulation 
signal the peak nnlplitudo of which is sufficient to modulate a given 
carrier wavo to a d opth of tOO% . (B) shows a typical speech wave· 
form or oquivalcnt poal< amplitude to (A). Full 100% modulation is 
reached relatively infrequently a.nd the average modulation level is 
low. In (C) tho same speech wa veform has had its poaks removed by 
clipping, and the mc'1n :implitude of the modulating voltage has 
boen incroa.scd so that 100 por cont modulation is again reached. 
As contparad with (B). thero is greater average speech power in 

tho cl ipped waveform (CJ. 

the audio level is increased in order to increase the average 
modulation depth, then overmodulation will obviously 
occur on the pe:iks. 

Principle of Speech Clipping 

The process of speech clipping consists simply of increasing 
the audio input level and at the same time clipping or 
limiting the output level at the value corresponding to 100 
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per cent modulation and at the same time increasing the 
audio level as sbown in Fig. 9.38C. Thus ovcrmodulat ion 
is prevented and the average level is increased. 

Tbe degree to which this process can be carried is limited 
by the amount of distortion of the speech waveform that 
can be tolerated, and if taken to excess the quality of the 
speech will deteriorate and intelligibility will be diminished. 
Furthermore the squaring of the individual peaks as shown 
at (C) in Fig. 9.38 would introduce very high audio-frequency 

Fig. 9.39. The degree of speech 
cHpplng is expressed in decibels. 
Tho diagram shows the corres .. 
pondinr amounts by which the 
maximum amplitude of the 

waveform must ba reduced. 

components which will defeat the object of the operatiou 
by again increasing the bandwidth occupied. Any spccch
clipping system must therefore be followed by a low-pass 
filter to restrict the audio bandwidth to the required 3 kc/s. 
The degree of speech clipping is defined as the ratio of the 
peak level to the clipped level, as shown in Fig. 9.39. Small 
:imounts of cl ipping, of the order of 4--6! db, will give an 
appreciable increase in audio strength with only a slight 
loss of naturalness. When the clipping is increased to about 
IO db distortion becomes noticeable, while at 20-25 db 
some intelligibility is lost. 

Cn F ig. 9.38 both positive and negative peaks arc shown 
clipped (symmetrical clipping). This is by no means essential 
but is sometimes preferable. Either peak may be clipped 
(asymmetrical clipping) provided that tile phasing of che 
audio chain is adjusted so that it is the unclipped peak that 
increases the carrier amplitude. Asynunetrical clipping 
results in the displacement of the effective zero line of the 
speech waveform. Normal intervalve couplings adjust them
selves to give equal areas above and below tbe zero line, 
and asymmetrical clipping will upset this equality, giving 
a momentary shift in the zero axis. lt is advisable to make 
all succeeding coupling capacitances small enough so that 
the time constant of the coupling circuits is short enough 
to allow rapid restoration of the normal zero position. 
H is quite possible for this momentary displacement of the 
zero axis, owing to the presence of a.c. intervalve couplings, 
to cause the intended level to be exceeded and therefore 
permit over-modulation in spite of the speech-clipping 
action. A similar effect can occur even in symmetrical 
clipping circuits owing to the asymmetrical characteristic 
sometimes experienced in speech waveforms. It may be 
obviated by ensud.ng that there are the fewest possible 
couplings after tbe clipper stage, i.e. the clipper should be 
as late as possible in the audio chain. 

In principle speech clipping may be effected equally well 
at either high or low level. H igh-level cljpping, as its name 
suggests, is introduced between the modulator and the 
modulated r.f. scage, while low-level clipping is introduced 
at some point preceding tbe modulator. The necessary filter 
for aucnuating the higher audio-frequency compooems may 
also be inserted at either high or low level, but the filtering 
action must, of COW'SC, always take place afur the clipping. 



High-level clipping has the disadvantage that 
the associated circuit components must have 
a correspondingly high voltage rating, but on 
the other band tbe filter would then also serve 
to remove any high audio frequencies that might 
be produced anywhere in the whole a.f. chain 
from the microphone input to the modulation 
transformer. Another disadvantage of high-level 
clipping is that the severe voltage t ransients which 
it causes may break down the insulation of the 
modulation transformer and possibly also damage 
the modulator valves, but to some extent these 
troubles could be encountered even without clip
ping in the event of extreme over-modulation. A 
reasonable factor of safety should therefore be 
allowed in the design of such equipment. 

low-level Clippe rs 

VI 

The limiting of the peaks that occur in speech waveforms 
resembles the limiting of impulsive interference by a con
ventional noise limiter. The ciJcuits employed arc very 

HT+ HT+ 

FILTER 

VI 
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Fig, 9.41. Low-level asymmetrical shunt clipper. 

and thus all positive peaks which exceed this value are by
passed by the diode. 

The corresponding symmetrical series and shunt clipping
circuits are shown in Figs. 9.42 and 9.43 respectively. l11e 
series circuit includes an extra pair of diodes to equalize the 

load on the previous stage. Whenever either 
of the series diodes stops conducting and in 
effect disconnects tbe following stage, its 
partner conducts and presents an equivalent 
dummy load. 

The diodes in low-level clipping circuits may 
be double-diodes of the 6H6 or 6AL5 class 
(or their equivalent); miniature metal rectifiers 
or semi-conductor diodes may be used. The 
latter have three advantages; (a) uo heater 
power is required, (b) a more compact layout is 

,... ___ +. _ __ _._ _ __ .....__.._.~ ......... ~'------oHT- possible, and (c) there is no risk of hum being 

Fig. 9.40. Low-level asymmetrical series clipper. 

· ·1 d · r I . h r s1m1 ar an consist o a senes or s unt arrangement o 
diodes suitably biased to giJe the desired clipping level. A 
typical low-level asymmetricfl series clipper is shown in Fig. 
9.40. If the anode of V2 is hpld at, say, + 5 volts by means 
of potentiometer VRI signal$ at all amplitudes up to 5 volts 
peak wi ll be passed on unchanged, but any negathie peak 
which exceeds - 5 volts willlcause the diode to become non
conducting and the peaks will be clipped. 

The corresponding shunt I diode clipper is shown in Fig. 
9.41. In this case the diode V2 is normally non-conducting, 
but it conducts when the positive peak voltage at its anode 
exceeds the positive bias applied to the cathode from VRl 

HT+ 

VI 

R4 RS 

,.--.. ....--1220K 220K 

R3 
220K 

introduced into the clipper stage from the 
heater circuit. 

The sharpness of the clipping action depends 
upon the characteristics of the diodes used. 

Thermionic diodes provided that the input is large enough, 
give almost perfect limiting, i.e. the clipped peaks are .llat
topped. In the case of the smaller metal rectifiers, such as the 
copper-oxide instrument type, the limiting action is not so 
sharp and the output waveform resembles a "compressed " 
signal rather than a limited one. Assuming that the circuit is 
suitably adjusted to prevent over-modulation, this is not 
necessarily a condition to be avoided since it makes the suc
ceeding filter somewhat simpler, the filter not then being re
quired to remove such a wide range of undesired harmonics. 
A low-level clipper is sometimes combined with the first 
stage of the speech amplifier, the combination being a 

Fig. 9.42. Low-level symmetri cal 
se.ries clipper. Thi$ c.ir·c,uit pra,. 
vides a consta.nt load for t ho 

preceding stage. 
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HT+ HT+ 

Fig. 9.43. Low-level symmatrica l shunt· 
FILTER clipper. 

The small positive bias voltages applied 
t hrourh Rl <>nd R4 to the cathodes of 
the double-diode Vl can be conveniently 
obtai ned from ta.ps on tho cathodo bias 
rcsistof" R6 of t ho following amplifier 

stago V3. 

--~~~~~~~~~~~~~_.,~_...___..~-+-~~~--oHT-

separate unit from the rest of the audio equipment in the 
form of a pre-amplifier. A typical example of such an 
arrangement is shown in Fig. 9.44. In this circuiti.the 6AM6 
and 616 are voltage amplifiers and the 6AL5 acts as a 
symmetrical shunt clipper. 

An alternative fom1 of clipping circuit is shown in Fig. 
9.46. This uses a twin-triode valve in a cathode-coupled 
arrangement and has the advantage that it provides a certain 
amount of gain. It must be followed by the usual low-pass 
filter. 

High-level Clippers 

The high-level series-diode negative-peak clipper is the 
commonest arrangement. The circuit is shown in F ig. 9.45. 
The diode V conducts only when its anode is positive with 
respect to its cathode. Therefore the modulated anode volt
age cannot swing the anode of the r.f. amplifier negative. 
For use in a 150-watt transmitter, the diode V may be 
a rec1ifier of the 500 volt 250 mA class with the two anodes 
connected together. lt should be noted that the filament 
transformer T must have a prin1ary-to-sccondary insu
lation suitable for at least twice the anode voltage of the 
r.f. stage. Such a clipper used in conjunction with a good 
filier makes a very effective "splatter" suppressor. It bas 
the advantage that relatively few extra components are 
required, although the filter components are likely to be 
rather bulky if entirely satisfactory performance is to be 
achieved. 

_ \1pF IOpF 
2)V 

IOK 

Jr O·D= S I 

IH 

Volume Compression 
A vo/11111e compressor is an automatic gain control which 

causes the gain of an ttudio amplifier to vary inversely 
with the output level. ln other words it reduces the gain 
when the level is high and increases it when the level is 
low. The volume range of the signal is automatically 
reduced or" compressed," and the intelligibility of a trans
mitted signal will therefore be increased by the consequent 
rise in the average level or tbe speech power. 

Volume compression is often used for increasing the 

HT+-

Fig. 9.45. H igh-levcl series-diode noiativo ... peak clipper. The tn.ns
former T must be insulated for at least twice the anode voltaa:c of 
t he r.f. sQ.ge. V may be a. 500 V, 150 mA rectifier. Suitable value.s of 
L and C can be calculated from the ba.sic fi lter dc.sicn equatio ns 

(see text), 

average depth of modulation in:commercial radio telephony 
and also in sound recording, but its application in Amateur 
Radio is not as common as speech clipping. 

HT+ 
200/ 2SOV 

- (cQramic) 
._ _ _. OUTPUT 

Fir. 9.44. Combined low.level symmetrical shu nt clipper. speech amplifier and filter. 
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Speech amplifier cli pper·filter unit. the circuit of which is shown in 
Fir. 9.44. 

Such a circuit may be used to increase the average modu
lation depth of a telephony transmi tter, without causing 
over-modulation. There is a practical limit to the amount 
of compression of the vohune range because if it is carried 
too far any hum or background noise in the speech input 
will be increased to an unacceptable level. The increased 
gain at low input levels will also increase the risk of trouble 
due to overall feedback. The maximum amount of volume 
compression which can normally be used is that which will 
reduce gain by about 20db at peak level. As in t he case 
of speech clipping, the received signal smmds louder because 
the average modulation power has been raised. 

Volume compression is achieved by rectifying a portion 

220Kn 
HT+---"tv'."""--. 

FIRST STAGE 
Of' SPEECH 
AMPLIFIER 

INPUT 

RI OUTPUT 
FROM 
AF 

AMPLIFIER 

Fig. 9.47. S imple volurne compressor. A s tho ave ra a e 1puch ampli· 
tude ri1e1 above a certain level, 'ct by th e potentiometer Rl, the 
cain of the amplifier Vl is reduced by the rise in the 1uppreuor·crid 
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Fis. 9.46. Cathode.couple d triodo r: miter. 

of Ute output from the a.f. amplifier, passing tbe resultant 
rectified voltage through a smoothing circuit which elimi
nates the audio-frequency components, and then applying 
the smoothed output to the control grid or suppressor 
grid of one of the early voltage-amplifying stages in the 
chain. A simple circuit is shown in Fig. 9.47. A fraction of 
the output from the audio amplifier is applied through 
the transformer to the double-diode Vi. The resul ting 
rectified voltage which is developed across R3 is smoothed 
by the RC network composed of C,R,C1 R,C.. T he 
smoothed voltage is then applied to the suppressor grid 
of Vi which is the first stage of the speech amplifier. The 
voltage at which the circuit begins to operate is controlled 
by applying a positi"e bias to the cathodes of Vi by the 
potentiometer R, which may be conveniently supplied through 
R, from the h.t line of the speech amplifier. 

The audio input to the compressor circuit may be ob
tained (a) directly from the modulator output, (b) from the 
input transformer of a class B output stage, or (e) from a 
separate amplifier valve fed from the last stage of the speech 
amplifier. Owing to the load presented by the rectifiers it is 
not usually satisfactory to feed such a circuit directly from 
a voltage-amplifier. 

The disto rtion which results from volume compression 
is not so troublesome as that caused by the clipping of a 
signal, and therefore a low-pass filler is not essential after 
the variable-gain stage. Distortion of a less severe type can, 
however, be produced in the variable-gain stage, but this 
can be kept to a minimum by the use of two valves connected 
in push-pull which will cause even harmonics to be cancelled. 

Clipping-v-Compression 
A volume compressor circuit may not necessarily be as 

effective as a properly designed and adjusted speech clipper 
and filter system; however it is somewhat simpler in applica
tion because a low-pass filter is not required. 

Since the object of clipping and compression circuiu 
is to raise the average modulation level, it is important 
that the transmitter and its power supplies should be 
capable of operating at the higher average modulation 
level which will result. As al ready pointed out, while simple 
speech circuits without clippers operate at low average
signal conditions owing to the presence of the peaks, 
a speech transmitter with volume compression or speech
clipping circuits should preferably be designed as if it were 
required to operate with a sine-wave modulation signal. 
These are the conditions which are usually quoted in valve 
data. 
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1t cannot be too strongly emphasized that the use of a 
speech clipper or a volume compressor is no cure for 
modulation troubles which may exist due to overloading 
of the modulator stage, bad impedance matching, etc. 

FILTERS 

Every speech-clipping stage must be followed by a filter 
10 remove the harmonics generated by the action of speech 
clipping on the waveform. Such filters must obviously 
be put into the circuit after the clipping has taken place. 
Transmitters which only include volume compression do 
not introduce waveform distortion of the same type as 
clippers, but such transmitters, and even those without 
either clipping or compression can, with advantage, incor
porate a low-pass filter to remove any modulation frequencies 
above about 3 kc/s, thus restricting the total transmitted 
bandwidth to about 6 kc/s. 

The filter by itself will not prevent splatter resulting 
from over-modulation, but assuming over-modulation is 
avoided by adequate gain contTOI of the amplifier stages, 
a filter to r-estrict the bandwidth is a worthwhile addition. 

Filter Design 

The complete design of filters is outside the scope of this 
Handbook, but the following information should enable the 
amateur to design and make satisractory filters without 
very much trouble. 

Before the design can be commenced, three factors must 
be known: 

(a) The "ci.1t-off" frequency, i.e. the frequency separat
ing the regions of high attenuation and low attenua
tion. 

(b) The amount of attenuation required in the attenuating 
band. 

(c) The impedances between which the filter is to operate. 
It is u pon the first two of these factors that tbe degree of 

splatter-suppression achieved will depend. A recommenda
tion of the IARU Congress (Paris), May 1950, is that the 
response of the modu,lator in an amateur telephony trans
mitter at 4 kc/s should be 26db below the response at I kc/s. 
A suggested method of achieving this is by the use of two 

Fig. 9.48. Low-pass prototype or constant-k filte r. It is also referred 
to as a pi.networ k fi l ter. lts function is to attenuate all voltages haV• 
inc frequencies above a certain value determined by the filter com· 

ponents. See text for dosign equations. 

filters, one in the speech amplifier with an attenuation of 
20db at 4 kc/s aud a second between the modulation 
transfonner and the r.f. amplifier having an attenuation 
of 6db, the second filter having a higher cut-off frequency 
than the first. lt would be reasonable to consider these 
attenuation figures as being the minimum acceptable, 
particularly in the case of a high-power transmitter. 

The operating impedance of the filter is not critical, 
and n,onnally considerable variation is possible. In the case 
of a Jug)l-level filter, it should be designed to work from the 
modulating impedance of the r.f. amplifier. 

Tbe simplest form of low-pass filter is the pi-network 
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illustrated in Fig. 9.48. This is known as a " prototype" 
or "constant·k " filter. If the impedance of the two circuits 
which are coupled by the filter are assumed equal, the design 
equations are as follows: 

R =- J lO~L R 
L= -

7rf 

where R = terminal impedance (ohms) 
L = inductance in filler (mH) 
C = total capacitance in filter C,.P) 
f = cut-off frequency (kc/s) 

1000 
C .., 7rfR 

Thus L and C may be calculated for any chosen values of 
R and f. In a low-pass filter for the purpose described f 
could have a value of 3·3 kc/s. 

Such a filter by itself has an attenuation curve which 
does not rise very steeply beyond the cut-off frequency, 

~~w 
l/2c2 T I l/2cI I'kc2 

0 - 00 - - 00- 0 

Fie. 9.49. An improved low-pass fi lter havinc a more sharply· 
defined wt-off frequ@ncy than the simple filter shown in 
Fie;. 9.48. The diagram illustratecS rhe three separate sections 
com prising a sinr le--section " prototype 0 filter preceded and 
followed by an " m-derived 0 -Section. See tut for design 

equations .. 

and would only give an attenuation of about 6db at 4 kc/s 
and about 30db at 10 kc/s. It would, however, be suitable 
for a high-level filter if a filter of higher attenuation is 
included in the speech amplifier. 

The simplest method of increasing the attenuation of a 
filter is to connect several identical sections In cascade. 
Three sections of the type just referred to give an attenua
tion of about 20db at 4 kc/s and about 60db at 10 kc/s. 
Thus a three-section constant-k filter in the low-level ampli
fier plus a single section of similar type for the high.Jevel 
filter would just about meet the specified requirement. 
If a steeper attenuation/frequency curve is desired, use may 
be made of what are called " m-derived " half-sections. 
The arraugement of a filter having a single constant-k section 
and an m-de,rived half section at each end is shown in 
Fig. 9.49. The design equations for the m-derived half 
sections at the ends are: 

Li = mL C - l - m
2 

C C2 = mC 
1-~ 

The general attenuation characteristic of such section 
has a very sharp peak of attenuation followed by a reduced 
attenuation remote from the cut-off frequency, as compared 
with the constant-k sections which have a slow but steadily 
increasing attenuation. The quantity 111 in the above 
equations is determined by the separation between the 
frequency of peak attenuation and the cut-off frequency. 
A convenient value of m for design purposes can be taken 
as 0·6, and these equations then become : 

L1 = 0·6L C1 = 0·27C Cz - 0·6C 
A filter consisting of a single constant·k section and two 

m-dcrived half-sections would give an attenuation of about 
30db a t 4 kc/s. 

It will be seen from the above equations that the value 
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Fic. 9.50. A sug1ested c-ircuit arrangement for a Jow·impedanc.::e t ype 
of low-pass fi lter. T he use of a cathode follower and,. crounded-grid 
Stace provides relatively low t:erminal impedances. T he values o r 
the filter components can be calculated fr.om the basic fi lter design 

equations (see tex t). 

of inductance required is proportional to the terminal 
impedance or the filter. High values of induclance introduce 
difficulties owing to the presence of self-capacitance, and 
for this reason it is often preferable to avoid filters of higher 
impedance tlmn, say, 10,000- 15,000 ohms. Such filters, how
ever, may not provide adequate load impedance for voltage 
amplifiers, and a means of using a low-pass filter with a 
terminal impedance as low as 500-1000 ohms is shown in 
F ig. 9.50. The filter is connected between a cathode follower 
and a grounded-grid stage. 

Filte r Constr uction 

As ibe values of L and C required in a filter depend upon 
the choice of impedance and the cut-off frequency, these 
values may be selected in order to utilize existing components. 
Obviously the use of close-tolerance components enables 
the filter to fit the exact requirements, but this is sometimes 
rather a ltLxury in amateur practice. 

The layout of fillers is not usually very critical. How
ever, care should be taken to avoid undesired couplings 
between filter coils by suitable spacing. The mounting of 
such coils with their axes at right-angles will reduce the 
coupling between tl1em, provided that the axis of one coil 
intersects the axis of another a1 its centre. 

Fir. 9.51. Dimensions of bobbins for inductances wound a ccording 
to Table 9.8. The inducancH a r e all air-cored. 

Capacitors. The capacitance values required rarely 
coincide with those easily obtainable, and series or parallel 
arrangements are usually necessary. Good quality paper 
capaci tors are satisfactory, although mica ones arc better, 
but if these are not readily available the extra expense 
involved is rarely justified, provided that the working 

MODULATION SYSTEMS 

voltage of the capacitors is adequate. ln a high-level 
filter the voltage rating of the capacitors should be at leas t 
twice the anode voltage of the r.f. amplifier. 

b uluctrmces. ln the case or a higl1-level filter, tbe induc
tances mtL~t be capable or carrying the h.t. current of the 
modulated stage, and they therefore tend to bo of larger 
dimensions than those intended for low-level fi lters where 
the current may be only a few milliamperes. 

Either air-cored or iron-cored inductances may be used, 
but air-cored ones are simpler to design and make. This 
applies particularly to inductances for high-level filters. 

Inductances with an accuracy of 5-10 per cent may be 
made by reference to Table 9.8 which shows the number or 
turns of wire required to give the stated values of inductance 
when wound on one or otber of the two bobbins illustrated 
in Fig. 9.51. For the larger bobbin (A) the wire size is 32 
s.w.g. (enamelled), and inductances wound with this wire 
will carry 200 mA without overheating, thus being suitable 
for high-level filters. The largest coil listed (I Henry) will 
take about .I lb. of wire and will have a resistance of about 
260 ohms. 

For the smaller bobbin (B) the wire size required is 40 
s.w.g. (eDamelled), and the largest size shown will need 
about 2t oz. of wire aDd will have a resistance or about 
850 ohms. Tbcse inductances are suitable for low-level 
filters. In either case inductances of intem1cdiate values may 
be found by simple interpolation. 

TABLE 9.8 

W inding Data fo r A ir-cored Inductances 

Outsid 6 DiQmetor 
Approxi m ate 

Inductance N umber of Bob bin A Bobbin B 
(m H ) T ur ns 

80 2030 
100 1240 
120 HOO 

2! in. It In. 

150 2620 

180 2800 
200 2930 3 in. lj in. 
250 3200 
300 3450 

350 3660 
'400 3850 
450 4030 
500 4200 

l j in. It In. 

600 4570 
700 4840 

800 5160 
900 5480 4 in. 2 in. 

1000 5800 4 in. 2! in. 

For bobbin A the wire size i• 32 s.w.g. cn:unallcd. 
For bobbin 8 Lhe wire size is -40 s.w.,. enamelled. 

Typical A.F. Filter s 

The filter shown in Fig. 9.52 is a single-section constaol-k 
filter suitable for use at high level, feeding an r.f. amplifier 
haviDg an input or 150 watts. Assuming an anode supply 
or 1000 volts and a current of 150 mA, the terminal im
pedance required is 1000 volts/O· 15 amp, which equals 
6700 ohms. The values of the components shown will give 
a cut-off frequency of 3·3 kc/s. 
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67001 ° l~~~OOH' I 0 

16700 

.n I i'F ·007~J n 
0 )J 0 

Fi1. 9.52. Sin1le·1ection u prototype., filter 
oui table for reedinc a 150 watt modulated r.(. 

•taee. 

Fig. 9.53 shows a filter having a single constant-k section 
wi th 111-derived end sections which would be suitable for 
use at low levels in a voltage amplifier. It is designedlfor 

"! i!rr~ j,. 
KOl ~0037JJF I )JF ·Oo~ir ·0037j.JF 0 rn 

Fir. 9.SJ. Low-pau filter suitable for;use:at low levels in a volt
aa• amplifier ha vine an output impedance of 15,000 ohms. The 
cut·off frcquoncy1ois l.kc/s. The filter comprise• a 0 constant·k" 

1ection w ith an 11 m·derived " section at each end. 

a terminal impedance of 15,000 ohms and bas a cut-off 
frequency of 3 kc/s. 

Resistance-capacitance Filters 

By careful design, a filter of the type jus1 described may be 
made to have a characteristic which is flar to 2·5 kc/s or so 
and then falls rapidly lo lhc order of - 50db at 4 kc/s. 

It is considered by some that such a filter gives a too 
unnatural sound to 1he voice and that a filter with a much 
slower fall-ofT in its cha1·acteristic is preferable. 

Such a characteristic may be obtained from a resistance 
capacitance fi lter. A single section RC fil ter may be con
sidered as a potentiometer composed of the resistance and 
the reactance of 1he capacitor. The ratio of the potentiometer 
therefore, is dependent on the frequency of the input voltage. 
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Fi r. 9.54. Typical two stage RC filter and approximate Loss/ Fre
quency characc:e:r1st ic. 

A two-section RC filter is shown in Fig. 9.54 which also 
shows its approximate loss/frequency characteristic. 

The attenuation per octave may be roughly doubled by 
the combination of such a filter with a cathode follower in the 
arrangement shown in Fig. 9.55. 
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This type of filter is obviously no1 as effective as the 
conventional LC type, particularly when used after heavy 
spetx:h clipping, but it bas the merit of simplicity . 
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IOOX.Cl 1001(/l 
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100.n 
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Fie. 9.55. An RC low-pau fil t er combined with a cathode follower. 
This arran aement h;u an attenuation of 10 .. fl db per octave. 

ADJUSTMENT AND MONITORING OF AMPLI· 
TUDE MODULATED TRANSMITTERS 

The importance of thoroughly checking the overall per
formance of a telephony transmitter cannot be over
emphasized. Unfonunately it is a task which can present 
considerable difficuhies, especially in 1he case of a trans
mitter with a power input as high as 150 watts. Never
theless, it should be the aim of every amateur to test his 
modulator as far as the facilities available will permir before 
applying its ou1put 10 the transmitler, and also to test the 
comple1e sys1em with some form of dummy load before 
using it to radiate a signal. 

The principal tests which should be app lied to any tele
phony system arc as follows : 

(a) 0 11 the modulator: 
(i) maximum undistorted power output, 

(i i) frequency distortion (i.e. variation of gain over 
the required frequency range), 

(iii) amplitude distortion (i.e. introduction of har
monics and other unwanted frequencies), 

(iv) hum level. 
(b) On tire complete system: 

(i) depth of modulation, 
(ii) overall fidelity. 

Testing the Modulator 

After the wiring of the modulator has been thoroughly 
checked the heaters should be switched on, and after a 
few minutes the h.t. may be appl.icd. The voltage on the 
various electrodes of each valve should be measured with 
a high-resistance voltmeter having a sensitivity of at least 
10,000 ohms-per-volt, and the results can then be compared 
with the design figures. 

In order to avoid possible damage to some of the com
ponents the h.t. voltage should on no account be applied 
to the output singe unless it bas a suitable load. This should 
consist of a non-inductive resistor having a dissipation 
rating at least equal to the expected power output of tbe 
modulator. (t should have a resistance approximately 
equal to the modulating impedance of the r.f. stage, or 
altcnmlively of such a value that it can be matched to the 
modulation by suitable adjustment of the taps of a multi· 
ratio modula tion transformer. 



The ideal set-up for the overall performance checking 
of any audio amplifier is shown in Fig. 9.56. A signal of 
known frequency and known voltage is fed into theamplifier 
from an a.f. osciJiator. The ampli fier output is dissipated 
in the resistive load R, the voltage across the load being 
measured by the voltmeter V. This must be an a.c. voltmeter 
suitable for use over the audio frequency range. Many 
multi-range test meters are suitable for this purpose. A 
preliminary calculation to find the approximate value of 
the output voltage is advisable in order to set the range 
correctly and avoid damaging the voltmeter. It will be 
found convenient to plot a graph of the calculated power 
output against the voltmeter reading for the load resistance 
selected, so that the actual output power from the a.rnplificr 
can be determined under the various conditions of test. 

AF 
OSCILLATOR 

Fig. 9.56. Ideal arrangem ent using a test o scillator and an o scilloscope 
for check ing t he overall performance of an audio amplifie r. 

The output voltage is observed on the cathode-ray oscil
loscope the input to which may be tapped down the resistance 
load if necessary, to avoid overloading the oscilloscope. 
The maximum undistorted power output at any frequency 
is readily found by increasing the gain control in the ampli
fier, or by increasing the output of the oscillator until dis
tortion becomes apparent on the output waveform. It is 
advisable to check the output of the oscillator with the 
oscilloscope to be certain that lhere is no inherent distortion 
of the input waveform. Such distortion tests should be made 
at low and high frequencies as well as at medium frequencies. 
With the gain control of the modulating system left at the 
same setting, the input signal should be removed and the 
residual hum measured on the voltmeter and observed 
on the oscilloscope. The hum voltage should preferably 
be less than I per cent of the maximum undistorted signal 
output voltage. If it is more than this the origin of the hum 
may be traced by ,applying the oscilloscope to the output 
of each stage in turn. · •· • · 

By varying the frequency of the oscillator and measuring 
the modulator output voltage, keeping the input voltage 
constant, the frequency response of the modulator can be 
determined. Any low-pass filters which it is intended lo 
use should be in cluded in the equipment when such tests 
are made. 

Another method of estimating distortion is to apply the 
input and output voltages of the modulator to the hori-

0 0. 0 
Fig. 9.57. O scilloscope patterns produced by applyinc the input and 
output voltagu of the modulator to the X- and Y- plates rcspec
t.ive ly. The straight-line trace A shows the complete absence of 
phase-shift or disto rtion. The simple loop shown oit B indicates 
slight ph:ue-shift but no distortion. The twisted loop C indicat4'S 

both phue-shi ft and distortion. 
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zoutal- and vertical-deflector plates respt:ctively of tbe oscil
loscope, with tbc internal time base inoperative. The gain 
in the horizontal- and vertical-dcilcction amplifiers should 
be adjusted so that vert ical and horizontal lines of equal 
length arc obtained when each is tested separately. When 
both inputs arc applied simultaneously, the resulting pattern 
will be a straight line inclined at 45 degrees to the horizontal 
and vertical axes. Any phase shift originating in the ampli
fier, which will be most noticeable at the lower and upper 
frequency limits, will cause this straight line to open out into 
an ellipse. Distortion produced in the modulator will show 
up as a ,;urving at the ends of the st raight line or at the tips 
of the ellipse. Examples of the patterns which may be ob
served in this way arc shown in Fig. 9.57. 

Before beginning such tests it is advisable to apply the 
oscillator voltage to both of the oscilloscope :uuplificrs 
to verify that there is no appreciable distort ion in these 
amplifiers. 

Simpler methods arc available when an oscilloscope 
and audio oscillator arc not available. T he output of the 
modulator can be monitored by rneans o r a pair or head
phones connected across a low resistance in series with 
the load resistance, as shown in Fig. 9.58. The value of r 
should be adjusted to give a comfortable signal strength 
in the headphones; generally 2- J ohms is sufficient. As a 
safety precaution it is very important that one side of the 
headphont.'S should be earthed, and that the resistor r 
should be of a very reliable type and very securely connected 
across the headphones. Such a simple testing method will 

INPUT 

Fig . 9.58. A simplo method of chcckinr the audio performance of 
the modulator by a di rect listening test. Spcci:il care must b e tak en 
t o e nsure that no d01ngerous ly high voltage ever reaches t he head-

phones. 

enable any serious distortion to be heard when the modu lator 
is driven either from the microphone to be used or from a 
musical signal derived from a broadcast receiver or a 
suitable recording. 

Testing the Complet e Syst e m 

Before the output of the modulator is applied to the 
transmitter, it is essential to make certain that th e r. f. 
amplifier which is to be modulated is itself operating 
satisfactorily. Neutralization, if used, should be as accurate 
as possible. The correct values of grid bias and grid drive 
should be applied, and the aerial coupling should be ad
justed so that the stage is drawing the required anode 
current. This ensures that the modulating impedance of 
this stage is of the correct value. As suggested earlier, 
the first trials of any telephony transmitter should be carried 
out with some form of dtunmy aerial to avoid causing 
unnecessary interference to other stations. 

When it is certain that the r.f. stage is operating satis
factorily, the modulation may be applied and steadily 
increased up to the maxirnurn amplitude which the system 
in use is capable of accepting. Almost JOO per cent should 
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be possible in the case o f a node modulation, but 75 per 
cent is as much as can be expected without distortion 
for the va rious forms of grid modulat ion. 

M easurement of Modulation Depth 

T he cathode-ray oscilloscope is the bc.~t instrument for 
measuring the depth of modulat ion since it cnabk'S a quick 
visual check to be made. T here arc two dis tinct methods 

MODULATOR 
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Fie. 9.59. T rapezium test fo r checking t he m odulated output from 
tho r.f. power amplifier. H e re r.f. volt;lae is a pplie d to t he Y .. pJa tes 
and a .f. volt~s:e is applied to the X·pl:a.t c..s. N o ti m e bas e is requ ired 

in the osci llosco pe. 

of measuring modulation depth with an oscilloscope; 
one is dependen t on the use of a timebase and the other 
is not. 

The method which does not requi re a timebase is illus
trated in Fig. 9.59. A small fraction of the modulated output 
voltage is fed to the Y-platcs of the oscilloscope by a pick-up 
loop loosely cou pled to the output tank circuit while the 
a.f. modulat ing voltage is fed to the X-pla tcs. With a 
steady modulat ing signal a trapezoidal o r wedge-shaped 
pattern will be produced on the screen. Fig. 9.60 shows the 
ariations in this pattern for various degrees of modulation. 

The modulation depth is calculated as follows: 

m = p - Q x 100 per cent 
P+ Q 

where I' and Q are the lengths of the vertical sides of the 
pattern. P l'lnd Q can be mcasttred with reasonable accuracy 
by means of a pair of dividers. For I 00 per cent modulation 
a triangular pattern is produced. 

The oscilloscope pattern can also be used to examine 
tbe overall performance in o ther respec ts besides the actual 
modulation depth. If the operating conditions are correct 
so that there is no distortion in the modulation process, 
the sloping sides of the trapezoidal pattern will be perfectly 

Fig. 9.60. Typical oscilloscope p:atter'nS obtained by t he method shown 
in Fig. 9.59. The verti1;al line A shows t he unm odu l:ltc d-carrier 
ampl itude. In B the carrier is modul 3tcd SO per cant w hi le in C it 
is modulated 100 per cent. Where the s lo plne edges of t he patte r n 

are Oatc:e ned, as in 0 , t he carri e r is over-modulated. 
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f ig. 9.61 . Fault conditions in anode modula t ion: A- insufficient drive : 
B-ovcr· mod ula.tion: C-instability in power amplifier: D-incor

rect matching of modu lator to p.a. 

straight: any cmvature of these sides indica tes non-linear 
modulation. Typical patterns for various fa1tl t conditions 
in both anode- and grid-modulation systems are shown 
in figs. 9.61 and 9.62 respectively. The audio voltage applied 
to the X-plates may be derived directly from the audio 
input to the amplifying system of lhe transmitter instead 
of from the ourput of the modulator, in which case any 
distortion in the audio part of the system will become ap
parent. The apparatus requ.ired for th is test is very simple 
and consis ts only of a small cathode-ray tube and its associ
ated power supply. The whole apparatus can be conveniently 
built up on a 3-in. panel for rack mounting. 

D etails of a modulation monitor wi ll be found in Chapter 
J9 (Meas11re111e111s). 

The alternat ive method, which requires the use of a 
timebase, produces the envelope of the modulated wave on 
the screen. In the arrangement shown in Fig. 9.63 the modu
lated r.f. voltage is applied to lbe Y-plates as in the previous 
method, and the normal timebase which is of course applied 
to the X-plates is adjusted so that the audio-frequency 

fig. 9.62. Fau lt conditions in grid modu lation. A- excessive drive : 
8-ove r·m odula.tio n: C-power amplifier insufficie ntly loaded. 

components of the envelope are suitably displayed. A rect
angula r patch of constant height will be observed when 
there is no modulation, and this will show the appropriate 
change of shape during modulation. The type of patterns 
displayed on the cathode-ray tube am sbown in Fig. 9.64. 
Dy measuring the height R corresponding to a modulation 
peak and the height S of the wllllodulated carrier, the depth 
of modulation can be calculated directly : 

R - S m = -- x 100 per cent s 
T he patterns resulting from incorrect operation of the 
transmitter arc more difficult to interpret in this method, 
and for this reason the trapezium test is usually found more 
satisfactory. 

Whichever method is used the results are easier to inter
pret wbeo a constant sinusoidal input is appl ied to the 
modulator, but for many purposes the signal obtained 
from a sustained whist ling into the microphoae is sufficient. 

ln the absence of a cathode-ray oscilloscope the most 
convenient way to determi11e the depth of modulation 
is to measure the aeria l current with and without modulation. 
A rearrangement of the formula shown on page 9.2 gives 



the expression for modulation percentage with a sinusoida l 
signal as: 

x 100 per cent 

This method of measurement assumes that there is no 
distor tion in the modulating system. If such distortion is 
present it may even cause the aerial current to decrease 
on modulation, and unreliable results are frequently ob
tained when using this method. Moreover the formula 
does not apply to modulation by speech. For these reasons 
the first method of using the cathode-ray l oscilloscope 
is much to be preferred. 
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Fie. 9.63. A lternative m e thods for checking the modulated out.put 
from the r.f. power amplifier. T he test sianal is applied to the Y· 
plates, w hile the X.-plates are supplied wit,h a linear timeba.se:-

voltace of any $uitable frequency. 

In an anode-modulation system the modulation percentage 
may be obtained approximately by measuring the a.c. 
voltage across the modulation choke or the secondary 
of the modulation transfom1er. If the test signal has a sinu
soidal waveform, tl1e modulation percentage is given by: 

111 
= a.c. modulation voltage (r.rn.s.) x 141 per cent 

d.c. voltage appl ied to p.a. 

If, however, the test signal is not sinusoidal or if for any 
reason it is more convenient to measure the peak value of 

Fig. 9.64. T ypical oscilloscope patterns obained by th e m4'thod show n 
in Fig,. 9.63. A-unmodula t.ed c:arrier: 8-SO per cent modulation: 
C:-..100 per cent modulatio n: 0--c)vcr-modu lation. Since the time
base frequency is indep endently fixed t he patterns o btain ed w ith 
a. normal s paech inpu t are co nstant ly varying in positio n on t he 

horizonta l ax is. 

the modulation voltage instead of the r.m.s. value, the factor 
141 in this formula must be reduced to 100. 

The formulae given here are only applicable to the use 
of a sine-wave modulation voltage. In the case of speech 
the rise in average aerial current from the measured modu
lation voltage for 100 per cent modulation will be consider
ably less. 

MODULATION SYSTEMS 

Downwar d Modulation 

Downward modulation is the name given to a condit ion, 
sometimes occurring in amateur telephony transmitters, 
in which the power level of the modulated carrier is found 
to diminish as the modulation ampliluclc increases. lt is 
easily de lectable by connecting a small lamp in tbc aeria l 
lead or coupling it tC> the p.a. tank coil ; if downward 
modulation is occurring the lamp will be seen to decrease 
in brilliance as the modulation level is raised. 

This spurious condition is somewhat similar lo the 
" under-modulation" phenomenon in v.h.f. transmitters, 
and is caused only by incorrect adjustment or bad design. 
The main features to be suspected are as follows: 

(a) Incorrect grid drive and/or bias on the p .a . stage, 
(b) Power-amplifier stage not being run under the valve 

maker's recommended conditions, or alternatively 
lack of cathode emission, 

(c) Presence of parasitic oscillations in the p.a. stage, 
(cl) Incomplete neutralization in the case of triode p.a., 
(e) [n the case of tetrode or pentode p.a., incorrect 

time-constan t or tho screen circuit ; the value of the 
screen decoupling capacitor should be such as to 
give a suitably high reactance (e.g. hjgher than the 
screen dropping resistor) at the highest modulation 
frequency in use. lf too great a time-constant is used, 
tbe screen potential wil l not be able to " follow" the 
modulating voltage; generally this implies that the 
screen decoupling capacitor should no t be greater 
than 0·002µF, 

(f) Grossly incorrect malchlng between the output stage 
and aerial due to incorrect design or adjustment of the 
pi-coupler, 

(g) Inadequate regulation of the h.t. supply to the p.a. 
stage, 

(h) Modulation transformer or modulator being grossly 
over-run, 

(i) Aerial coupl ing too tight. 
The remedy for all these defects is fairly obvious. In this 

respect, the value of checking the linearity of any modulated 
amplifier by means of an oscilloscope cannot be over
emphasized. 

Modulation Mo nit or s and Over- Modulation Indica tors 

Even if no means of measuring the exact deptl1 of modu
lation is available, some indication of the presence of over
modulation is essential. There arc several ways of doing 
th is. 

In a class B or class AB2 modulator the anode current 
of the modulator varies appreciably with the amplitude 
of the signal input. lf a device to measure the actual modu
lation percentage can be borrowed a mark can be made 
on the scale of the modulator anode-current meter corre
sponding to J 00 per cent modulation, so that the gain control 
can always be adjus ted to ensure that this va lue is not 
exceeded. Similarly a high-resistance a.c. voltmeter con
nected to the output of the modulator can be calibrated 
to show percentage modulation from the formula shown 
above. It should be noted, however, that sluggishness in the 
operation of such a meter may give rise to a false impression. 

Since the average anode current of an anode-modulated 
amplifier is constant, any variation in the reading of the 
anode mill iammetcr may be taken to indicate over
modulation provided that the modulating system is free 
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from distortion such as that due to iosufficient grid drive 
or grid bias on the modulated stage whid1 will also cause 
tbc meter needle to flicker. A ny instability of the r.f. stage 
can likewise cause variations in the anode cu rrent, and 
consequently the results of such a test arc not always easy 
to interpret. 
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Fig. 9.65. Over-modulation indic3tor. The m e ter needle will flicker 
when the depth or modul3.tion excocds 100 per" cent.. 

The sudden interruplions of the carrier which occur 
in over-modulation as a result of the reduction of the p.a. 
anode current to zero arc the principal cause of interference 
to local receivers, and it is therefore particularly important 
that this should be avoided. A simple means of show
ing the presence of this effect is shown in Fig. 9.65. 
The milliammeter in series with the rectifier will show a 
reading whenever there is a peak of modulation which 
carries the instantaneous voltage on the anode of the 
modulated r.f. stage below zero into the negative region. 
The diode cannot conduct as long as the negative peak of 
the audio output voltage is less than the d.c. voltage applied 

mA 

/ 

HT+ HT+ 

Fig. 9.66. Over .. modulatlon indicator biased to s how whe n the depth 
of modvlation exceeds 90 per cent. The critical pcrccnt:\(':C ca.n be 

altered by su itably pro portioning the pote ntial divider Rl · R2. 

to the r.f. stage. Both the rectifier and its heater trans
former must be capable of withstanding a voltage equal 
to the sum of the h.1. and peak a.f. voltages. Any high
voltage low-current rectifier or an old transmiUing triode 
with the grid and cathode strapped together will serve as 
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the diode. A low-reading milliammeter (e.g. one with a 
full-scale deflection of about 5 mA) is a suitable indicator. 

It should be noted that if a mercW"y-vapour rectifier valve 
is used, rhc glow of the mercury vapour whe11 the valve passes 
current is an indication of the occurrence of over-modula
tion. 1f such a valve is used, it is therefore worthwhile 
mounting it so that it can be seen from the operating position. 

Jf an indication of any modulation depth less than 100 
per cent is required, the meter may be returned to a point 
on a potentiometer connected across the h.t. supply instead 
of to earth. For example, if a maximum of 90 per cent is 
10 be indicated, the voltage across the earthed section of 
the potentiometer should be 10 per cent of the d .c. voltage. 
Such an arrangement is illus trated in Fig. 9.66. 

Taking everything into account, the use of a speech
clipping system which will automatically avoid over
modulaiioa is to be recommended in preference to a aon
limitcd system which has to be continuously monitored 
to avoid over-modulation. Nevertheless the monitoring 
of the speech quality by means of headphones, using 
the si:it ion receiver (generally referred to as side-tone), 
provides a valuable overall check. It is necessary, however 
that the receiver should have a gain control in the first 
r.f. stage and that it should be weU screened in order to 
prevent overloading and the resultant distortion of the signal. 
Such a monitoring receiver cannot be considered satis
factory unless it is possible lo reduce the r.f. gain so that 
the transmission can be rendered completely inaudible. 

FREQUENCY MODULATIO N SYSTEMS 

Frequency-modulated transmitters may be divided into 
two broad classes: 

(a) Those which use a quartz crystal to determine the 
centre frequency. 

(b) Those which operate by the direct frequency variation 
of the master oscillator. 

Transmitters in the first category are, in general, compli
cated in design and may involve the production of a phasc
modulated signal which is then converted to a frequency
modulalcd one, the use of specially cut crystals or com
plicated chains of phase shifters, balanced modulators, 
frequency multipliers and mixers. However, tbey are capable 
of providing large deviations at extremely higb degrees of 
stability of tbe centre frequency. For details, the reader is 
referred to the standard works on frequency modulation. 

In the second category, the frequency of the master 
oscillator or v. f.o. is varied directly by placing a variable 
react a nee across the tuned circuit of the oscillator. This of 
course implies that the frequency stability of the oscillator 
itself must be as high as possible. The stability of the present
day v:iriable-frcqucncy oscillator as used in amateur trans
mitters is usua!Jy adequate and this method of producing 
frequency modulation is therefore the one best suited to 
amateur use. 

Tho Variable-Reactance Valvo Modulator 

The basic circui t of the variablc-rcactance or reactor type 
of modul:ttor is shown in Fig. 9.67. Essentially it consists of a 
valve conoectcd across the tuned circuit of an oscillator in 
such a way that it behaves like a variable capacitance or 
inductance. In the circuit shown, a potentiometer consisting 
of a capacitor C, ao<l a resistor R in series is connected from 
anode to earth and also, of course, across the tuned circuit. 



Tbe centre point is taken to the grid of the valve. Provided 
that the resistance of R is large compared with the reactance of 
C 2 at the resonant fre.quency of the tuned circuit, the grid will 
be fed with a voltage which is very nearly 90° out of 
phase with the voltage at the anode. A similar phase-shift but 
of the opposite sign may also be obtained by interchanging 
C2 and R, in which case the reactance of C2 would need to be 
large compared witb the resistor R. 

Since the anode current of a valve is in phase with its grid 
voltage, the current flowing through the reactance valve is 
90° out of phase with the voltage across the tuned 
circuit due to the 90° phase-shift introduced by the 
combination of C, and R. Since the valve current also nows 
through the tuned circuit, the current through the tuned 
circuit is 90° out of phase with the voltage across it, 
which is equivalent to the result produced by connecting a 
reactancc across tbe tuned circuit. This rcactancc may be 
either capacitive or inductive according to the configuration 
of the RC, potentiometer. In the arrangement shown in 
Fig. 9.67, the rcaetance will be inductive, while if R and C, 
are interchanged, the reactance will be capacitive. l.n ei ther 
case, the effect of this reactance will be to change the resonant 
frequency of the tuned circuit. 

The value of the reactance thrown across the tuned circuit 
and hence the change in resonant frequency will obviously 
depend of the value of the anode current of the valve; 

L 

Fig. 9.61. Buie circuit of a variab(.,.re:ictanu frequency modulator 
L-CI if the tuned circuit of the master oscillator. 

in other words it will depend on the voltage applied to 
the grid of the valve. Thus the variable reactance valve 
presents a simple means of varying the frequency or an 
oscillator in sympathy with an a.f. voltage applied to the 
grid of the rcactance valve. The amplitude of the grid volrage 
will govern tbe magnitude of tbe change io frequency; i.e. the 
deviation produced will be determined by the amplitude of 
the modulatillg signal and the rate at which the oscillator 
frequency is varied will be equal to the frequency of the 
voltage applied. 

A reactancc-valve modulator may be used with any type ol' 
oscillator. It is normally connected directly across rhe tuned 
circuit of the oscillator as shown in Fig. 9.67, although in the 
case of a series-tuned circuit, such as tbe Clapp osci llator, it 
may be connected across the tuning capacitor. 

Almost any tetrode or pentode valve will function as a 
reactancc in this manner and since the valve is a vollage
operated device, a voltage-amplifying type is required rather 
than a power type (the long grid base of the variable-p. 
valve is required for optimum performance). Alternat ively, a 
hexode or similar multi-grid valve may be used, and the r.f. 
voltage from the reactance potentiometer ;rnd the a.f. voltage 
from tbe speech amplifier can then be applied to different 
grids. In th.is way, there is less risk of instabiliry which cou lei 
be caused by feedback between the r.r. and a.f. circuits. It 
will be realized from the foregoing account or the operation 
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Fig. 9.68. Variable capacit:inco diode frequenty modulator. CRI may 
bo type SX761 , SVCI or simi lar. 

of reactancc modu lators 1hat the sensitivity of the reactor 
stage will be dependent on 1he mutual conductance of the 
reactancc valve, i.e. the higher the mutual conductance the 
greater will be the change in anode current and hence in 
deviation for a given output voltage to the grid. The valve 
must therefore be chosen with regard to the degree of a.f. 
amplification available or intended. In the interests of overall 
stability and case of adjustment a valve having low or 
medium mutual conductance is generally to be preferred. 

In the potentiometer arrangement shown in Fig. 9.67, the 
capaciror C1 may conveniently consist of the input capaci
tance of the rcactancc valve plus the stray capacitance at this 
point, although of course no adjustment or C, is then possible 
and lhc control must be efTected by varying the resistor R. 
The capacitor c~ is merely a d.c. blocking capacitor. 

The h.t. supply to the reactor and associated circuits, i.e. 
the speech amplifier and the v.f.o. must be very well smoothed 
to prevent the production of spurious amplitude and fre
quency modulation a t the h.l. ripple frequency and also any 
unwanted change of mutual conducrancc of the reactance 
valve. Likewise gre:it care must be taken with the layout to 
prevent hum pick-up. 

The Variable C:ipacitance Diode Frequency Modulator 

The variable capacitance diode is a small area p-11 junction 
diode which exhibits a change in junction capacitance with 
change of reverse voltage. T his change in capacitance is due 
to the change in thickness of the " depletion layer" or 
"charge-free " w ne between the p region and the 11 region 
as the reverse voltage is varied. The capacitance varies very 
approximately as the cube root of the reverse voltage applied 
to the diode. 

Such a device connected across a tuned circuit therefore 
presents a very convenient method of changing the resonant 
frequency of the tuned circuit by variation of a voltage. If 
the voltage applied to the diode is varied at audio frequency, 
frequency modulalion o r an oscillator whose frequency is 
controlled by the tuned circuit may be achieved. 

All p-11 diodes have this characteristic and most may be 
used for this particular application. Special diodes are also 
available in which the effect is closely controlled in manufac
ture. 

A typical circuit is shown in Fig. 9.68. As the capacitance/ 
voltage characteristic of these devices is not linear, a small 
s tanding bias of the o rder of I volt to I· 5 volts is applied. This 
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is adjusted by the J OK obms potentiometer to give art approxi
mately equal change in capacitance for equal changes of 
applied voltage in each direction, i.e. for each sideband. 
The change in capacitance for a I volt change in bias is of 
the order of 2·5pF. The audio modulating vollage is applied 
" on top of" the standing bias. The peak modulating vol
tage must be restricted so that it docs not drive the diode into 
the positive region, i.e. it must not cause the diode to conduct. 
It should be noted that the diode must be connected so that 
the bias appl ied is in fact a " reverse " voltage. 

ln setting up this circuit, it is advisable to follow the 
procedure laid down for adjustment of the rcactance valve 
modulator described later in this chapter. 

Multi-band Operation 

It is necessary to emphasize here a point made earlier in the 
chapter. If a v.f.o. operating on, say, 3·6 Mc/s is deviated 
to give a swing of 5 kc/sand if this is foUowed by a frequency 
doubler, the swing at 7·2 Mc/s is 10 kc/s, and so on. 
Therefore the deviation must be adjusted so that the maxi
mum allowed value is not exceeded on any band. To 
meet lhis requirement the exciter unit can of course be 
designed so that it operates with constant frequency multi
plication on all bands. This implies, however, a different 
v.f.o. frequency for each band, which would be an un
welcome complication unless the 011ly form of modulation 
contemplated is n.b.f.m. 

The simplest method of calibrating the deviation control is 
to read off from the reactor characteristic the input voltage 
required at the grid of the reactor to give the desired deviation 
of the v.f.o. for each band. It is then necessary to know the 
peak output voltage of the speech amplifier and adjust it 
accordingly. The output may be measured with a peak. volt
meter, or alternatively a sufficiently accurate es timate n1ay be 
made by multiplying the peak output voltage of U1e micro
phone by the gaiu of the speech amplifier. Thus it is possible 
to arrive at a fairly reliable calibration of tl1e deviation 
control for each band in terms of an arbitrary scale calibrated 
say, 0-10. 

Speech Clipping in F.M. Transmitters 

As in amplitude modulation, speech clipping may be 
applied to an n.b.f.m. transmitter with the same advantages 
as apply to a.m. Low-level clipping must be used since there 
is no equivalent to high-level clipping in an f.m. transmitter, 
and the clipper/fi lter circuits must therefore precede the 
rcactancc va lve. 

I t should be no ted that the use of a low pass fllter is 
implied in U1e licence conditions covering the use of n.b.f.m. 

TYPICAL MODU LATORS 

Details follow of various types of ampli tude modulator 
having outputs from 15 watts to 140 walls and a reactance 
valve type of frequency modulator. 

ll is not essential to follow exactly the arrangements shown 
and considerable variation is possible provided that the 
general guidance given earlier in this chapter is followed. 
In particular, a logie::tl sequence of stages should be adopted 
and long leads in grid circuits (especially in the input stage) 
mus t be avoided. 

Modulator Sub-unit 

T his modulator sub-unit consists of a two-stage speech 
amplifier and all the components of a push-pull output stage 
with the exception of the modulation transformer and the 
top resistor of the screen supply potentiometer. 

The speech amplifier is a twin-triode type 12AX7, the two 
halves of which are co11nected in cascade by resistance
capacitance coupling. The gain control potentiometer is 
immediately after the first stage. The second half of the 
I 2AX7 is coupled to the output stage by means of a push-pull 
input transformer. 

The overa ll gain of the sub-unit is about 1600; thus, 
depending on the output of the microphone used, output 
valves up to the KT88 in size may be used with whatever 
size of modulation transformer and power supply is available. 

The sub-unit is built on an aluminjum chassis 6! in. x 3! 
in. x I} in. connections to the screen supply, heater supply 

....-------9----+----~INll'-----------<>---~-- -1 ~,...~--OSCREEN SUPPLY 

0 ·005).)f 
l~OV 

---•~ t2 AX7 
ECC83 

Ct,C2. C3 - tOOOpF FEEO THROUGH CAPACITORS 

RESISTORS - 1/2 WATT RATI NG UNL ESS OTHERWI SE STATED 

221<.Cl 

TO 
HEATERS 

FiQ. 9.69. Modul~tor sub-unit. 
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General view or the Modulator Sub-Unit. 

and to a meter to monitor the total cathode current of the 
output stage arc taken via 1000 pF feed-through capacito rs 
at one end of the chassis. Connections to the modulation 
transformer are taken via small feed-through insulators. The 
input to the first valve is via a short length or coaxial cable. 

The component values shown in the circuit diagram (Fig. 

Und erside view of the Modula tor Sub .. Unit. 

MODULATION SYSTEMS 

9.69) apply to the use or KT88's in class ADI as output 
valves. The measured operating conditions are as follows: 

Input (at 1000 c/s) to first grid, 50 mV. 
Input to grids of output s tage, 43V + 43V. 
Output (in 6600 ohm resistive load on secondary of 

Woden UMJ modulation transformer), 33 W. 
Top resistor of screen supply potentiomeler, 7·8 K ohms. 
Screen voltage, 300V. 
Total cathode current of output stage, 130 mA. 
H.T. input, SOOY at 145 mA. 

A Modulator for a 25 Watt Transmitter 

This modulator is conventional in design and uses minia
ture valves in all stages. It may be driven to full output by a 
crystal microphone. The circuit is shown in F ig. 9. 70. 

The first stage uses a high gain a.f. pentode type EF86. 
This is RC coupled to a paraphase phase-splitter (twin triode 
type 12AT7) by a low-value coupling capacitor (O·OOlµF) and 
the gain control which is a 500 Kohm potentiometer. 

The output stage consists of two valves type EL84 in push
pull and operating in c lass AB I. Cathode bias is used and 
grid, screen and anode s toppers are provided. The modu
lator shown in the photograph uses a" surplus "modulation 
transformer rated at 20 watts and having a ratio of I : 1 but 
a small multi-ratio lransfom1er may be used. 

This unit was designed to be part of a 25 watt v.h.f. 
transmitter, both a.f. and r.f. sections operating from a 
common 300 volt h.t. supply. In order to restrict the output 
to the required value, the screen voltage of the output valves 
is reduced by a 5600 ohm resistor in the screen supply and the 
overall h.t. by means of a 1000 ohm resistor in the 300 volts 
line. Por c.w. operation, the modulator may be switched 
ofT by switch S which opens the h.t. supply and a lso short 
circuits the secondary of the modulation transformer. 

The modulator is constructed on an elongated U-chass is 
12 in. x 3 in. x 2 in. deep. 

The total power requirement is 300 volts al approximately 
85 mA and 6·3V at 2· 1 A. The h.t. may be obtained from a 
simple power supply with a capacitor-input filter. Under 
these conditions the output is J 2·5 watts; by removal of the 
5600 ohm and 1000 ohm resistors referred to earlier the 
output may be increased to 17 watts. The h.t. supply is then 
300V at 125 mA. 

A Compact High-Power Modulator 

T l1is modulator which provides an output of 100 watts 
uses four lctrodcs lypc KT66 in parallel push-pull in the 
oulpul slagc. It is built on a chassis 17 in. x 10 in. x 2 in. 
which a lso houses all che power supplies necessary. The fro nt 
panel is 19 in. x Si in. The c ircuit diagram is given in 
Fig. 9.71. 

The output valves operate in class AB I in the ultra-linear 
mode. The modulation transformer is a Woden type UM3 
and the screen supply is obtained from taps 2 and 5, the 
anodes being connected to terminals 3 and 4. Grid stoppers 
(10,000 ohms) and screen stoppers (220 ohms) arc used in 
the output stage. The total cathode current of the parallel 
pairs of output va lves is measured by a 0- 150 mA meter 
which can be swil.checl (switch S3) to either pair of valves. 

T he speech amplifier, which is coupled to the output stage 
by means or a small push-pull input transformer (ratio l : 3), 
consists of a triode-connected a.f. pcntode type Z729 (EF86 
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or 6267) which is resistance-capacitance coupled to a twin
triode type 6SN7, the two sections of which are also RC 
coupled. The gain control (a I Megohm potentiometer) is 
immediately after the first s tage. The speech amplifier is 
generously decoupled at r.f. and a.f. to prevent instability 
and is built into a small die-cast box 4-lt in. x 3-fi in. x 2! in. 
This box is mounted through an opening cut in the chassis so 
that the coaxial input plug protrudes through a small hole in 
the front panel. 

The h.t. supply for the output stage (650 volts) is obtained 
from a conventional bi-phase full-wave rectifier arrangement 
which is composed of series-connected silicon diodes type 
SX635. A capacitor-input smoothing circuit is used and the 
output capacitor consists of two J601•F 450 volts working 
electrolytic capacitors in series. A 100 K ohm resistor is 
connected across each to equalise the voltage across them. 
The h.t. supply for the speech amplifier is obtained from a 
resistive potentiometer connected across the 650 volts supply. 
The grid bias for the output valves is obtained from a small 
250-0-250 volts transformer, one 6·3 volts secondary wind
ing of which is conncclecl to a 4 volls supply obtained from 
the main heater transformer. The bias is adjusted by 
means of the two 10,000 ohm potent iometers. 

The on-off switch SI controls the mains input to both the 
h.t. and heater transformers while the supply to tbeh.t. trans
former is also controlled by switch S2. For remote control 
purposes, a relay is connected in parallel with S2. For c.w. 
operation, the secondary of the modulation transformer is 
sllorted by S4. 

The following controls arc mounted in a row al the bottom 
of the front panel; mains on-off switch, pilot lamp, h.t. on
off switch, microphone input plug, bias control (a). secondary 
winding short ing switch and bias control (b). Above these 
are the gain control, meter, meter switch and output temli
nals. The mains input plug and a two-pin plug for the relay 
operating supply arc mounted on the rear chassis drop. 

The setting-up procedure is simple; before the h.t. is 
applied, the bias potentiometers a re adjusted to give maximum 
bias (at least - 200 volts), h.t. is then switched on and each bias 
is slowly red ucccl lo give a standing cathode current of70 mA 

33K .Cl 

16}JF 

under no-signal conditions in each parallel pair of output 
valves. The values of bias voltage obtained should agree to 
within about 5 per cent. 

H igh-Power Modu lator 

This modulator is capable of an output of 140 watts, 
obtained from a pair of tctrodes type TT21 operating in class 
AB! at an anode voltage of 1000 volts with a screen voltage 
of 300 volts and a grid bias of approximately -40 volts. 

As will be seen from Fig. 9.72, the circuit is simple and 
straightforward. The speech amplifier consists of two twin 
triodes; the first (12AX7) is a self-balancing floating para
phase phase inverter which feeds a push-pull voltage ampli
fier (.12AU7). 

In the interests of simplicity, no balancing arrangements 
for the outpu t stage arc provided, but the bias should be 
adjusted so that under zero-signal conditions the anode 
current of each output va lve docs not exceed 35 mA at an 
anode voltage of JOOO volts (i.e. the anode dissipation must 
not exceed 35 walls). 

The modulator is built on a chassis which measures 
17 in. x 6~ in. x 2 in. 

The operaling conditions of each output valve are as 
follows: 

Anode vol!age I 000 1000 1000 I OOOV 
Screen voltage 300 300 . 300 300V 
Grid 1•0/tage* - 40 - 40 -40 -40V 
Anode current 35 56 SO 92mA 
S creen c11rre111 4 5 9 17mA 
Anode dissipation 35 35 30 22W 
Screen dissipation I ·2 l ·5 2·7 4·9W 
Outputt 0 40 100 140W 
Anode/oad (a-a) 16,800 16,800 16,SooQ 
Distortion 0·6 I ·4 4·4 % 
*Set 10 give anode current of 35 rnA per valve at anode 
vollage of IOOOV. 
t Measured in resistive load of 7000!.?. 

Input to first stage (gain control at max., output of lOOW) 
= 25mV. 

HT+ 

300V 

250V I. 470 
Kil 

0·02~F 

-i11----. 
350 v 

47ll. 

IKO 
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HT* 390V o 
SOOK fl 

INPUT 

25 

f[v 

RESISTORS - l/4 W RATING UNLESS 

OTHERWISE STATED 

12AT7 
ECCBI MOD 

TRANS TO PA 

20 W HT+ 
1:1 

Fia-. 9.70. Modul:i.to,. for :i lS watt transmitter. A O·lµF decoupling capacitor should be connected between EF86 screen and earth. 
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A 45 Watt Tra nsistor Modulator 

The circuit of a modulator employing a pair of power 
transistors in class Bin the output stage is shown in Fig. 9.73. 
It gives an output of 45 watts and has sufficient gain to allow 
the use of a crystal microphone. Operation is from a 12 volt 
supply (earthed positive lead, maximum current drain 7·0 
amps) and so the unit is suitable for mobile or portable use. 

A total of six stages arranged in negative feedback pairs 
are used. The first two pairs of stages have both <l.c. and a.f. 
feedback applied for d.c. stabilization and improved 
linearity. This is accomplished by coupling the first stage 
base of each pair to the second stage emitter through a 
parallel RC network; the first stage collector is directly 
coupled to the second stage base. T he gain control is 
between the first two pairs of stages and so is not in a feed
back loop. 

The single-ended class A driver stage and the push-pull 
output stage also form a feedback pair. Emitter resistance 
and base potentiometer biasing is used for both stages, the 
negative supply resistor RI o r the base potentiometer for 
TR5 bei11g co1rnected to one collector of the output stage. 
Forward biasing of the output transistors is such as to reduce 
cross-over distortion to the minimum value. The common 
emitter resistance R2 is 0· l ohm and consists of 67 turns of 
22 s.w.g. copper wire close-wound on a high value 3 watt 
carbon resistor. The correct collector for attachment of RI 
must be found by trial and error ; this must be carefully done 
with the modulator suitably loaded as the last two singes wi ll 
oscillate if the incorrect collector is chosen. 

Several types of transistor may be used ; in the fo llowing 
list, they are given in order of preference. 

~~:~ GET 106, OC44, OC4.S, GET 880, GET 890. 

TR3. OETl04, GETJ03, OC72, OC7J. 
TR4. 

~~· GET573, GET572, OC28 series (OC29, OC36, 
TR7: OC35, OC28), OC25 

The multi-ratio modulation transformer matches the opti
mum collector-to-collector impedance of the output stage to 
impedances of approximately 4000, 6000, 8000, 13,000 and 
15,000 ohms, due allowance having been made for imper-

'· ... .... . 

General View of the 45 watt Transistor Modulator. 

fections in the transformer. Details of both this and the 
driver transformer arc as follows : 

Mod11latiou Transformer (T2) 
Core It in. stack of No. 4 laminations (0·015 in. Silcor) 

M and E Alloys Ltd. 
Secondary Winding (wound first) 2200 turns of 30 s.w.g. 

Lcwmex wire in 12 layers; one layer of thin paper every 
fourth layer. 

T
2
r2200l 111'1 

IS711 
11181 
! '61 

0 

2·2!1 O·l!l (R2) 
2W Sn T~xt 

Fie. 9.73. -45 -.att Tranoiotor Modulator. 
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Under·side view oft.he 45 watt Transistor Modulator. 

Taps at 946 turns, 1258 turns, 1571 turns and 1884 turns. 
Start, taps and end of winding brought out with 7/0·0076 

wire, stuck to winding with adhesive Melinex tape. 
Two layers of paper over secondary winding. 
Primary Winding Two layers, each of 12 turns of 14 s.w.g. 

Lewmex wire, separate windings. 
Wind on three layers of empire tape, insert laminations 

(interleaved, i.e. no air gap) and wax-impregnate. 
A suitable 50 Hz power transformer can be used to provide 

a satisfactory, although somewhat reduced performance as 
the modulation transformer. A 250-0-250 volt HT winding 
is used as the primal'y and a 6·3 volt centre-tapped heater 
winding as the secondary. 

Driver Tramformer (Tl) 
Core 1-k in. stack of No. 101A laminations (0·015 in. 

Silcor) M and E Alloys Ltd. 
Primary Winding 128 turns of 18 s.w.g. Lewmex wire, in 

6 layers, one layer of paper after third layer. 
One layer of paper over primary winding. 
Secondary Winding Two layers, each of 25 turns of 16 s. w.g. 

Lewmex wire, separate windings. 
Wind on three layers of empire tape, insert laminations 

MODULATION SYSTEMS 

box. If metal screws are used to hold down the plates, they 
must of course be insulated by fibre washers and bushes. 
The transistor mounting arrangements are clearly shown in 
the photograph. 

Apart from ensuring that RI is connected to the correct 
transistor, no setting up is required. 

Narrow-Band Frequency Modulator 

The circuit of a typical reactance valve modulator is shown 
in Fig. 9.74. This consists of two stages, a speech amplifier 
V, and a reactor valve V,. The speech amplifier is intended 
for use with a crystal microphone or other low-output type 
and is therefore designed to have a high gain. The micro
phone input is shielded right up to the grid of Vi. Tt would 
be advisable to reduce the gain of the first stage if a high
output microphone is used. The reactor stage V, is a pentode 
having a variable-µ characteristic. The phase-shift network 
consists of the resistor R 9 and the stray capacitance between 
the grid of V2 and earth, i.e. t he input capacitance of V, plus 
the wiring and valveholder capacitances. The a.f. input to 
the reactor is controlled by the potentiometer R,. This control 
is, of course, the deviation control. A certain amount of top 
cut is introduced by the capacitor C6 shunting R7• C8 and 
C1o are blocking capacitors. ThC:output lead which '.connects 
to the tuned circuit of the v.f.o. should be rigid and as-short 
as possible to prevent any unwanted variation of the fre
que11cy. A lternatively coaxial cable may be used if the length 
of the lead exceeds an inch or two. With care and by the use 
of miniature components, the whole unit can· be made on a 
very small chassis so that it may be located conveniently close 
to the v.f.o. The screening afforded by the chassis should be 
as effective as possible and the h.t. supply (J 50 volts) prefer
ably shou1d be stabilized by a voltage regulator tube such as 
the VRI 50/30. 

In setting up the reactor stage the first step is to determine 
its characteristic, i.e. the relationship between the voltage 
apphed to the grid of the reactor and the resulting~dcviation 
of the frequency of the v.f.o. This may be done quite simply 
by isolating the reactor and applying a variable d.c. voltage 
to its grid as shown in Fig. 9.75. The frequency of the v .f.o. 
must first _be measured by:an·_accuratc frequency meter,' zero 
voltage being applied to the reactor grid. When~the grid 
voltage is increased, the frequency of the v.f.o. will_ be found 

(interleaved, i.e. no air gap) and wax
impregnate. ,..----------------- -- ----- --- --- --__ ..,. __ ------- ----- -- ---- -- ...., 

The Repanco TT24 transformer is 
now available as a suitable commercial 
alternative. 

The unit, with the exception of the 
output transistors, is built inside an 
Eddystone die-cast box measuring 7i; in. 
x 4t in. x 2 in. TR5 is bolted to the 
side of the box by 4B.A. nylon screws, 
the insulating washer being smeared 
with silicone grease. Each output 
transistor is mounted on an 18 s.w.g. 
brass plate, measuring 2 in. x 2! in. 
T hese plates are mounted at one end 
of the box and are insulated from the 
box by mica plates slightly larger than 
the brass plates. The mica plates should 
be smeared with silicone grease to 
ensure good thermal contact with the 

I 

t-~~~-----..~------.,.----~~--~--~~.._...._~~EARTH 

~~~~~~~~~~~,...~~~~.:.....o~6·3V 

Fig. 9.74. Circuit diagram of a typical re actancc valve:modulator. 
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I-
4·5V 

ce 

--
Fir. 9.75. Test circuit for determinin1 the static char'acteristlc of a 
vari able-reactance m odulator. Vl must be isolated from the speech 

amplifier. 

to change. The change in frequency for a known change in 
grid voltage should be measured by the frequency meter. 
This should be continued up to a maximwn frequency devia
tion of about 4 kc/s or so. Next, the polarity of the battery 
from which the grid voltage is obtained should be reversed 
and the test repeated. Frequency changes in the opposite 

9M 

direction should now be obtained. The results should be 
plotted on a graph and the curve produced should be found 
to resemble that shown in Fig. 9.76. The characteristic 
should be reasonably linear over a total frequency swing of 
5-6 kc/s. 
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Fig, 9.76. Static ch:aract.,ristic of the r eactor valve of tho n.b.f.m. unit 
shown in Fig. 9.74. The frequency of the v,f.o. it :ipproxirnately 3600 

kc/s. 
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SINGLE SIDEBAND TRANSMISSION 

S INGLE sideband suppressed carrier telephony trans-
mission (commonly called s.s.b.) is a specialized form of 

amplitude modulated telephony and a brief examina1ion of 
basic a.m. theory is therefore an essential preHminary to any 
description of the more advanced system. 

A.M. Carrier and Side band Relationships 

The carrier of au a.m. transmission does not vary in 
amplitude; it is at all times of constant strength. The modula
tion introduced at the transmitter heterodynes the carrier 
and produces sum and difference frequencies. These are 
symmetrically disposed either side of the original carrier 
frequency and constitute two bands of side frequencies-
those below the carrier form the lower sideband and those 
above the carrier form the higher sideband. The carrier by 
itself does not convey any intelligence; lbe intelligence is 
conveyed solely by the sideband frequencies. 

Consider what happens when a carrier of 1000 kc/s is 
modulated 100 per ceut by a pure audio tone of 2 kc/s. The 
energy propagated from the aerial would be three entirely 
separate and individual r.f. outputs on 998, 1000 and 1002 

w 
0 
:::> .... 
::::; 
a. LSB 
:l 998 
< kc(• 

c 
IOOOkc(s 

HSB 
1002 
kc(• 

Fir. tO.t. Ampl itude frequency 
re lationship of a.m . signal 
modulated with sinale tone of 

l kc/•. 

kc/s (Fig. 10.1). These tbree channels of r.f. energy would 
travel quite separately through tbe ionosphere and would 
eventually arrive at the receiving aeria.l and would then be 
accepted by the receiver, heterodyuecl by the local oscillator 
and converted lo the final intermediate frequency of the 
receiver. If the i.f. passband was centred on 460 kc/s the 
i.f. amplifier would present three separate frequeucies-
462 460 and 458 kc/s-to the detector. The combined effect 
of these three frequencies at the detector would in turn 
produce lhe modulation envelope. Tbe way in which the 
modulation envelope is produced can be shown very simply 
by means of vector diagrams. 

The carrier vector is actually rotating al 460,000 c/s with 
one sideband vector rotating at 458,000 c/s and the other 
sideband vector rotating at 462,000 c/s. Relative to the 
carrier, one sideband vector is rotating 2000 c/s slower 
(Jagging) and the other sideband vector 2000 c/s faster 
(leading). Jf then the carrier is assumed to be stationary and 
is drawn as a vertical line whose length denotes the carrier 
voltage-let tbis be oue unit in length-each sideband vector 

wouJd be 0·5 unit in length (the power in one sideband is 
equal to 0·25 of the power in the carrier and ns power is 
equal to £1/R, the voltage is equal to 0·5 that of the carrier) 
and would be shown rotating round the carrier vector in 
opposite directions at the frequency of the modulation (Fig. 

A 
I' GY,) I ', 

"Y" "' ¢"" I I 

PEAK ENVELOPE 
t I PEV 

:0 VOLTAG£:2 

(a) (b) !cl 

Fir. to.la, b and c. Vector pruentatlon •howin1 how the two 
sideband volta1es c,omblne with t,ho earrier voltaeo to form the 

modulation envelope. 

10.2 (a)). At some moment of time, the two sidebands will 
be in phase with each other and in phase with the carrier aud 
the resultant vector length will be two units-the moduJation 
crest. At 180" of rotation later they will again be in phase 
with each other but opposite in phase to the carrier 
and the resultant vector length will be zero-the moduJation 
trough. (Fig. J0.2(c)). At all other degrees of angular rotation 
the resultant vollage will be some in-between value. The 
modulation envelope recovered at the detector is shown in 
Fig. 10.3 and to the same scale, the audio output in Fig. 10.4. 

ff M 
Fig. t0.3. Modu lation en vol ope Fir.10.4. Resultant aud io output 

recovered at the detector. voltaao. 

If, therefore, the resultant r.f. voltage output from a J 00 
per cent sine wave modulated transmitter is examined by 
means of an oscilloscope, the display will show the modu.Ja
tion envelope of the classical textbooks. The important 
point to understand is U1at tbe oscilloscope is not showing 
the true relationship of the carrier and the sidebands at all. 
It cannot separate them and show each individual component. 
The display seen is the resultant effect in terms of voltag<>
in fact, the oscilloscope is showing a continuous panorama 
of voltage vector diagrams. 
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When the single tone modulating signal is replaced by the 
output of a speech amplifier, the picture grows more com
plex. It may, however, still be analysed into the original 
carrier, unchanged in amplitude and frequency, about which 
are displaced symmetrically the upper and lower sidebands. 
The sidebands will, of course, undergo continuous change 
in amplitude and frequency as the voice changes in inflexion 
and intensity, but they may never exceed balf the amplitude 
of the carrier if over-modulation is to be avoided Their 
maximum excursion in frequency is limited by the highest 
frequency component of the voice; for practical communi
cations purposes this may be taken as 3 kc/s. 

CARRIER 

LCl!'IER 
SIDEBAND 

UPPER 
SIDEBAND 

FREQUE NCY 

Fig. 10.S. Amplitude/frequency relationships of carrier and sideband s 
with 100 per cent speech modulation. 

Fig. 10.S illustrates in diagrammatic form the relationship 
of the carrier and its sidebands under speech modulation; 
it is this representation, rather than tbat of Fig. 10.2, which 
forms the foundation stone on which to build a solid under
standing of s.s.b. There is, however, one noteworthy poiut 
which is more immediately evident from Fig. I0.2 tban from 
the alternative representation. At the modulation crest the 
carrier and sideband voltages are in phase and add together; 
the voltages at the anode and screen of the modulated stage 
will also rise to twice the applied d.c. potentials, so the com
ponents in these circuits must be appropriately rated to 
avoid breakdown. As the transmitter peak envelope voltage 
(p.e.v.) at the crest of modulation is double that of the 
unmodulated carrier, and as output power is proportional 
to voltage squared, the peak envelope power (p.e.p.) will be 
increased four times. Assuming that the modulated stage is 
being operated under tbe usual :imateur conditions of 150 
watts d.c. input with an overall efficiency of 66 per cent, the 
unmodulated carrier output will be 100 watts, and the peak 
envelope power output 400 watts. 

Single Sideband Transmission 
If the transmitter of Fig. l 0. 1 were radiating a lower 

sideband s.s.b. signa.I, the carrier on 1000 kc/sand the higher 
sideba11d on 1002 kc/s would be suppressed at the trans
mitter, and the only output to the aerial would be continuous 
r.f. e11ergy on 998 kc/s. Tbis would be converted by the 
receiver to an i.f. of 462 kc/s and fed to the detector. The 
carrier of 460 kc/s would be generated by a local oscillator 
(b.f.o.) and also fed to tbe detector. A vector diagram would 
show the inserted carrier from the b.f.o. as a vertical line 
with the sideband vector rotating around it at the modnlatiog 
frequency; the modulation envelope would be recovered at 
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the detector and tbe resultant audio output would be 2 kc/s. 
It wiU be seen tbat the original 2 kc/s tone input bas been 
recovered, yet tbe s.s.b. transmitter bas radiated one 
continuous r.f. output on one frequency only, 998 kc/s. 

lf the tone modulation at the transmitter had been changed 
from 2 to 3 kc/s the sideband radiated would change from 
99R to 997 ke/s. This would be converted by the receiver 
to an i.f. of 463 kc/s, combined in the detector with the local 
car rier on 460 kc/s and the resultant audio output would be 
3 kc/s. Should the transmitter be modulated with both the 
2 and 3 kc/s tone simultaneously two r.f. outputs would be 
radiated from the aerial on 997 and 998 kc/s. These would 
be converted by the receiver to two i.f. outputs of 463 and 
462 kc/s. The resultant output recovered by the detector 
would be 3 and 2 kc/s- the original modulating frequencies. 

When the tone modulation is replaced by the output of a 
speech runplifier the transmitted sideband becomes essentiaUy 
a band of frequencies undergoing continuous changes in 
amplitude and frequency as the voice changes in inflection 
and intensity. Provided that · be receiver i.f. passband is 
sufficiently wide, all frequencies withi11 the received sideband 
will be amplified equally and fed in to the detector. T he 
locally inserted carrier merely serves as a datum line against 
which the sideband is demodulated ;md the resnltant audio 
output is the original speech modulation. 

COMMUNICATIONS EFFICIENCY 

In an a.m. transmitter, the amplitude of each sideband is 
limited to half that of the carrier, so its maximum power will 
be one-quarter of the unmodulated output power. Io the 
example already quoted of the l 50 watt input amateur trans
mitter with an overall efficiency of 66 per cent, the unmodu
lated carrier output would be JOO watts, and the maximum 
power in one sideband would be 25 watts; both sidebands 
together would produce 50 watts. It is not, however, possible 
to specify the effectiveness of the transmission until some
thing is known about the equipment on whi(;h it is bein~ 
received. The sidebands necessarily occupy a band of fre
quencies 3 kc/s on either side of the carrier, so that if the 
receiver has a bandwidth of 6 kc/s they both add in phase 
<llld contribute to the total talk vower. If a more selective 
receiver with a 3 kc/s bandwidth is used, only one sideband 
contributes to its output. Under the crowded conditions 
which obtain in the amateur bands, good selectivity is 
almost invariably a nccessi1y, so that only 25 watts of the 
signal actually conveys Intelligence to the listener. This is 
not a particularly profitable return for tbe generation of 
100 watts of carrier power, not to mention the cost, weight 
and bulk of a high level modulator and associated power 
supply. 

As the carrier remains constant in frequency and amplitude 
it conveys no intelligence from transmitter to receiver, and 
serves merely as a datum line against wllich the sidebands arc 
demodulated. All the intelligence is conveyed in the side
bands, so that the carrier may be omitted and the signal 
demodulated perfectly clearly if the reference function is 
transferred to a local oscillator at the receiving end. The 
attractiveness of substituting for the 100 watt carrier the 
signal from a small oscillator valve in the receiver is obvious. 
The reduction of heterodyne interference within the amateur 
bands, which results .. from carrier suppression, may alone 
appear to be adequate justification for making the change, 
but there are other advantages. 



The power amplifier which produces a 100 watt carrier 
must be capable of a peak output of 400 watts. With modi
fications the full capacity of the amplifier may be utilized to 
radiate intelligence conveying sideband energy. This does 
not necessarily mean that the peak envelope power output 
of the hypothetical amplifier will be 400 watts, because there 
are importan t differences between the operating conditions 
of anode-modulated class C amplifiers and the class AB or 
B linear amplifiers customarily employed in s.s.b. output 
stages. The question of linear amplification will be dealt 
with in detail later in this chapter, but as a rough guide it 
may be said that a 100 watt a.m. stage should be able to 
produce about 200 watts p.c.p. output in s.s.b. service. The 
whole of these 200 watts will contribute to the talk power at 
the receiving end, which com1>arcs very favourably with the 
50 watts which produce speech output from a cotwentional 
a.m. transmission in ii receiver of 6 kc/s bandwidth, and even 
more favourably if the receiver has a narrower band
width. 

There is no difficulty at all in suppressing the carrier; a 
miniature double triode, or a pair of crystal diodes, together 
with a few resistors and capacitors are all tbat is necessary, 
leaving only the problem of how to get rid of one of tbe 
sidebands. It has already been said, however, that a receiver 
of 6 kc/s bandwidth is capable of combining the two side
bands so that both may contribute to the audio output. 
Furthermore, it matters litt le at the transmitting end whether 
the linear amplifier is producing single sideband or double 
sideband output, so long as the peak power remains substan
tially the same in both cases. 

It is, however, desirable to eliminate one sideband in order 

SINGLE SIDEBAND TRANSMISSION 

to simplify the demodulation process iu the receiver Even if 
the local oscillator at the receiver can be made stable enough 
to simulate ihe precise frequency of the suppressed carrier, 
that alone is not sufficient. It must also be identical in phase, 
otherwise the two sidebands will not combine to produce 
anything approaching the original modulating waveform. 
T he best way to utilize fully a double sideband suppressed 
carrier (d.s.b.) signal is to tune it in on a wideband receiver 
to which is coupled an adaptor capable of synchronising the 
local oscilla tor to the required frequency and phase by means 
of information derived from the sidebands themselves. The 
main disadvantage of th is system of detection lies in its 
susceptibility to lose synchronization because of interference 
from random noise or from strong adjacent-channel signals. 

lf, however, one of the sidebands is eliminated as well as 
the carrier, reception becomes fairly easy. The local oscillator 
may wander quite a few cycles away from the correct 
frequency before intelligibility suffers appreciably and docs 
not have to be locked in phase. The best place to eliminate 
the unwanted sideband is clearly at the transmitter, because 
the full capacity of the p.a. stage may then be used to amplify 
the wanted sideband. In addition the transmission will 
occupy a bandwidth of only 3 kc/s. Alternatively, the 
conversion from d.s.b. to s.s.b. may be effected al the 
receiving encl. This is relatively simple because increasing 
interference has already led many amateurs to increase the 
selectivity of their receivers to a point at which it is possible 
to reject one-half of a d.s.b. transmission and deal with the 
remainder as if it were a tTuc s.s.b. signal. When received in 
this way d.s.b. is considerably more difficult to tune than 
s.s.b. and is only half as efficient. 

-
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Half of the power radiated by the d.s.b. transmitter is not 
used for reception and merely serves to increase the general 
level of interference. In this respect it is no worse than 
coaveotional a.m., although it has the advantage of having 
no resting carrier lo cause a constant heterodyne whistle. 
When the fact that a d.s.b. transmitter is simpler to construct 
than an a.m. rig of comparable power output is considered, 
the reasons for its increasing popularity become evident, 
though it is to be hoped that users of the system will come 
to regard it as a stage on the road towards s.s.b., and not an 
end in itself. 

Talk Power 

Perhaps the clearest method- least open to misinterpre
tation-is to show the rela tive efficiency of the two systems 
io diagrammatical form where tbe powers and voHages 
concerned arc to the same relative values. This method has 
been adopted in Fig. 10.6. The basis of comparison given 
in column A is an a.m. transmission of IOO watts d.c. power 
input rating, moclulntecl by 50 walls of audio. At the crest of 
the modulation cycle the peak envelope power (p.e.p .) is four 
times the carrier power- 400 watts. T he term peak envelope 
power is defined as the r.m.s. power developed at the crest 
of the modulation envelope. 

The carrier of one power unit in value requires a half-power 
unil of audio for 100 per cent modulation (this is the 
maximum power that can be used; any greater audio input 
would produce ovcrmodulation and distonion) and this 
produces two sidebands with 0·25 unii of power in each. 
As voltage is proportional to the square root of the power, 
the carrier voltage is 1 and the voltage of each sideband is 
0·5. The r.f. envelope developed by the voltage vectors is 
shown, and for 100 per cent modulation the peak envelope 
voltage (p.e.v.) is the sum of the carrier and the two sideband 
voltages, and this equals two units. This results in a p.e.p. 
of four units of power. 

The r. f. signal is demodulated in the receiver and the diode 
detector develops an audio output voltage that is equivalent 
to the sum of the upper and lower sideband voltages. The 
noise power per kilocycle is an arbitrary value equal for 
a.m. and s.s.b. F or a 20db signal-to-noise ratio, the noise 
voltage would be O· I volt for the 6 kc/s receiver bandwidth 
and the signal-to-noise ratio is then 20 log. the ratio audio 
voltage : noise voltage. 

Column B shows the power and voltage relationships for 
an s.s.b. transmission of equal sideband power to the a.m. 

RF 
AMP 

3,700,300-
3,703,000 c/s 

2nd 
MIXER 

V FO 
3,260 kc/• 

transmission. The audio output from the s.s.b. transmission 
(recovered by hctcrodyning the received signal with a locally 
inserted carrier) is O· 707 units in value. This represents a Joss 
in detector output voltage of 3db due to the s.s.b. power 
being in one sideband. However, the reductiC!l in receiver 
bandwidth gives a Jdb advantage therefore tbe signal-to
noise rat io is the same for the two modes of transmission. 

Column C shows the relationship for an s.s.b. transmission 
of equal rated power (100 watt a.m. transmitter and a JOO 
watt p.e.p. input s.s.b. transmission). It is seen that the 
audio voltage developed at the output of the diode detector 
is equal to the audio voltage of the a.m. transmission. The 
reduction of receiver bandwidth gives a 3db advantage and 
the signal-to-noise ratio is 23db. 

Column D shows the relationship for an s.s.b. transmission 
of equal p.e.p. i11p111. rt is seen that tbe s.s.b. transmission 
gives a gain in detector output voltage of 6db. This, in 
addition to the 3db improvcme'i1t in receiver noise output, 
gives a tolal s ignal-to-noise ratio of 29db, a system gain for 
s.s.b. o r 9clb. 

It will be noted that the carrier envelope voltage of tbe 
a.rn. transmission serves no useful purpose other than to 
beat against the sidebands and demodulate the signal at the 
detector. Furthermore, that for both modes of transmission 
the audio voltage recovered at the detector is directly pro
portional to the total sidebaud voltage, and that the two 
transmitters, a.m. and s.s.b. of equal rated power will produce 
an equal receiver audio voltage. 

S.S.B. Advantages 

There arc no inherent difficulties in the construction of 
a s.s.b. transmitter. ln the filter type, the chassis, the layout 
and even the majority of the components are virtually 
identical to a selectable s ideband receiver. The usual 75 watt 
modulator with its bulky driver and output transformers and 
separate J 50 watt power supply is no longer required. The 
s.s.b. transmitter can be built and used initially to gain 
operating experience with a low power output~ay 50 watts 
peak. At a later date the power can be increased to the 
licensed maximum by building a suitable linear amplifier 
and h.t. supply and driving this with the existing transmitter. 

It is quite true that s.s.b. working demands a higher 
standard of frequency stability and more care in netting, but 
this should not be looked upon as a disadvantage peculiar 
to sideband working. F irst, as receiver selectivity is improved 
there will be a demand for better frequency stability 
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Fig. 10.7. Frequency translatio n process in n double sup crhc t receiver. 
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Fi1. 10.8. Frequency translation proc.ess in an 5,s.b. transmitter. 

from ex1stmg a.m. transmitters. Second, many of the 
methods developed by amateurs for s.s.b. working are 
already being adopted to improve a.111 . operation. These 
include exallcd carrier detection, improved bandwidth 
control, better oscillator stability and press-to-talk or 
automatic voice control. Third, the power gain of 9db with 
s.s.b. operation (made up of 6db gain at the transmitter and 
3db at the receiver) represents an equivalent power increase 
at the transmitter of eighi times. 

Tbe advantages of the s.s.b. are, therefore: 
(i) the r.f. spectnun required to transmit a giveD signal by 

means of s.s.b. is exactly that or the original signal, thus 
maximum use can be made or the available r.f. spectrum. 

(ii) since only essential signals are transmitted by s.s.b. 
without a superfluous carrier or mirror image sideband, 
there is a considerable effective power gain. 

(iii) most important of all, s.s.b. systems are effected far 
less adversely by the transmission disturbances inherent i11 
ionospheric transmissions than a.m., f.m., or any of the 
double sideband systems. 

The terms helerodyoing and mixing have the same mean
ing in s.s.b. transmission as in receiver practice and they are 
bolh frequency translation processes. All superhel receivers 
translate the frequency down from the reqt1ired amateur 
band lo the i.f. channel (or channels) and then to the liual 
audio channel. This is shown clearly by the block diagram 
of a typical double superhet receiver given in Fig. 10.7. If 
the third mixer is renamed product detector, the circuit 
arrangement is well-known aad easily followed and under
stood. Suppose then that the translation process is reversed 
and the block diagram redrawn as in Fig. 10.8. The mixing 
processes are exactly the same as in Fig. 10.7, but the block 
diagram of Fig. I 0.8 is that of a s.s.b. transmitter. In the 
receiver the translation process is do11111 from the r.f. signal 
frequency to the audio frequency, and in the ttansmitter up 
from the audio frequency to the r.f. signal frequency. It is 
possible (in familiar terms) to follow mentally the progress 
of the signal intelligence from the microphone to the trans
mitting aeria·1, and the question, " How can you transmit 
voice frequencies without a carrier?" does not arise. 

SUPPRESSING THE CARRIER 

In a single sideband traasmitier the initial carrie r frequency 
is modulated by the output from the audio amplifier i.n a 
balanced modulator; balancing the modulator almost 
eliminates the carrier component in the modulator output 
circuit. The output from this stage is therefore a double 

sideband suppressed carrier signal. At the modulation crest, 
the two sideband voltages are in phase with the carrier 
voltage, i.e., the modulation process is exactly the same as 
th~t of the coDventional a.m. transmitter. 

Lt is most important in order to understand clearly what is 
happening in the balanced modulator or a s.s.b. transmitter 
to remember that wbcn a carrier is " amplitude modulated " 
it docs not in fact vary in amplitude at all. The output from 
the modulated stage, whether the balanced mixer in a s.s.b. 
transmitter or the p.a. in an a.01. transmitter, contains three 
components. These are the upper sideband, the carrier, and 
the lower sideband. Tbe carrier wave Fe is heterodyncd by 
the audio wave Fm and this produces sum and difference 
frequencies Fe + Fm and Fe - Fm. T he modulation process 
is thus seen to be a frequency translation process and the 
modulator is therefore a converter or mixer. When an audio 
frequency modulates a radio frequency, the process is 
generally called modulation, but when a radio frequency 
modulates another radio frequency ii is called heterody11i11g. 
The processes are, however, identical, and the general 
terms modulator, converter or mixer mean the same thing. 

The sidebands, Fe + Fm and Fe - Fm, contain the voice 
intelligence, so the carrier frequency can be attenuated or 
balanced out in the modulator output without affecting the 
sidebands in any way. This cau be done at high level in the 
p.a. stage or an a.m. transmitter* or at low level in the 
balanced modulator of an s.s.b. transmitter. In both cases, 
the output from the modulator is exactly the same- a double 
sideband suppressed carrier signal. 

Balanced Modu lators 
The usual way to el iminate the carrier is by phasing 

in a balanced modulator. The possibilities for varying tbe 
circuit design are virtually limitless, so there is some excuse 
for assuming the balanced modulator to be complicated. In 
fact, it is a straightforward application of the bridge circuit 
and there is no reason why the simplest design should not 
perfo rm as well as the more elaborate ones. 

Balanced modulators fall into the· following two sub-
divisions: -

(i) The high impedance type which employs amplifier 
valves. 

(ii) the pure bridge or ring circuit which uses semi
conductor diodes and operates at a much lower 
impedance. 

• This reference is to a d.s.b.s.c. transmitter usina a push-pull p.a. s tage. 
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Fie. I 0.9. Buie circuit for twin .. t.riode balanced modulator. 

The basic circuit of the high impedance type is showu in 
Fig. 10.9. An r.f. voltage applied to the grids of VJ and V2 
will appear in amplified form at the anodes. This will 
cause r.f. currcuts to flow in opposite directions through the 
two halves of L2. If the circuit is so adjusted that the signal 
induced in one-half of L2 is balanced exactly by that induced 
in the other half, no energy whatsoever will be passed on to 
L3. Balance is governed primarily by the amplification 
factors of VJ and V2; ideally these valves should be identical, 
but this is difficult to achieve in practice and the best that 
can be clone is to choose a pair whose characteristics match 
as closely as possible. The two units in a double-triode 
envelope often match fairly well, and if half-a-dozen valves 
are available at least one should be good enough for balanced 
modulator service. Almost any valve type can be made to 
give good results, but for ease of adjustment and long-term 
stability of balance, a low-mu triode such as the J2AU7, 
12BH7 or GEC A2900 is recommended. The characteristics 
of high-mu types such as the 12AT7 are more prone to 
change as the valve ages. A valve which bas seen enough 
service to permit its characteristics to stabilize is more likely 
to prove satisfactory than a brand new one; if a new valve 
must be used it should be aged artificially by operating it at 
normal heater voltage and a few milliamperes of anode 
curren t for 50-100 hours before it is tested for use in a 
balanced modulator. The importance of selecting the right 
valve cannot be overstressed. While it is possible to balance 
out large inequalities by external means, the circuit will 
drift out of balance quite rapidly, and will require continual 
readjustment. 

Although a well-matched pair of valves will give about 
25db carrier suppression on their own, this is rarely enough, 
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and additional balancing is required. lf the remainder of the 
circuit permits, the simplest way is to vary the operating 
point of one or other of the valves by altering the standing 
bias. An example of this method is shown in Fig. 10.10. 

The basic arrangement may, of course, be varied widely to 
sui t particular conditions, but there are certain pitfalls for 
the unwary. As the effective earth must be determined by 
the capacitors Cl, C2, the tapping point on the coil at which 
the h.t. supply is fed to the valves must never be brought to 
r.f. earth potential by means of a bypass capacitor. An r.f. 
choke as shown in Fig. 10.10 will ensure that the tapping 
point will float in the required manner, and if the consequent 
voltage drop can be tolerated this component may be 
replaced by a resistor of I OK ohms or more. When the 
circuit is used at signal frequency the coil is usually tapped, 
but at intermediate frequencies the necessity arises to feed 
h.t. in parallel by means of two resistors in the manner shown 
in Fig. 10.11 . 

----- ---o HT+ 

INPUT 

Fir. 10.11. Resistive method of supply >.node vo ltaic to twin-triode 
balanced modulator. 

F rom time to time, circuits on the li.ncs of Fig. 10.12 have 
appeared in which the grids arc excited in push-pull and the 
anodes strapped in parallel. Although there is no obvious 
reason why this arrangement should not be capable of as 
good performance as that of Fig. J0.10, it is often found 
more difficult to adjust and less stable in operation. It has 
the further disadvantage that (because of its similarity to 
the well-knowll push-push doubler) even-order harmonics 
are accentuated in its output and may give rise to spurious 
signals. Unless considerations external to the balanced 
modulator dictate the use of the push-pull configuration, it 
is best avoided. 

fig. 10.10. Balancinr potentiometer adj use. 
ment of 2,.id bias. 



Fig. 10.11. Push-pu ll balanced 
modulator not recommended for 
general u10 (see text). Any step• 
down intentage transformer with 
centre-tapped secondary may be 

u1cd at T 1• 

Mulli-grid valves may be substituted for triodes in the 
circuits already described. Their performance is not 
inherently better than triodes, but isolation offered by the 
separate grids makes them attractive for some applications. 
ftig. 10.13 (a) and (b) show configurations which arc suitable 
for pentodes and pcntagrids respectively. The r. f. carrier is 
applied in parallel to the control grids of the peotodcs and 
lhe oscillator injection grids of the converter valves. Modulat
ing voltage is applied in push-pull to the screen grids of the 
pentodcs, and to the signal injection grids of the pentagrids. 
Adjustment of r.f. balance is simple; the balancing potentio
meter merely varies the operating points of the valves by 
altering the applied bias. 

Circuits have been described in which balance is adjusted 
by the differential variation of the r.f. excitation applied to 
the grids. This may be done by replacing RI and R2 by a 
potentiometer, the slider of which is returned to earth, and 
by substituting fixed resistors for the adjustable cathode 
network of Fig. 10.13. The general arrangement may be 
gathered by the skeleton diagram of Fig. 10.14. T he disad
vantage of this scheme is that both ends of the balancing 
potentiometer arc at r.f. poteotial, so that the stray capaci
tance of this compouent is likely to introduce phase shifts 
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which arc unpredictable as they arc undesirable. This method 
has nothing to commend it and should be avoided. 

If a high degree of balance is to be maintained over a 
considerable period of time, it is essential to stabilize the 
anode supply to triode balanced modulators, and the screen 
supplies to multigrid valves. Gas filled voltage regulators 
are convenient fol" this purpose. No matter what precautions 
may be taken, however, the circuits described will ultimately 
drift because the characteristics of the valves will change as 
U1ey age. Although this is likely to be a long-term trouble 

... 
~'10.14. Unreliable method of balancing (see text). 
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Fie. 10.13. Pentode (a) and penta1rid (b) balanced modulators. Almost any r.f. valve types can be used. 
V3 a nd V4 1uppre11or arid• are normally at cround potential. 
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Fi i:. 10.15. Sln1lo-onded excitation of balanced modulator (soo text) 

which may be remeclied by morutoring and re-adjustment, it 
can cause considerable inconvenience if the balancing 
controls are so positioned that the whole transmitter has to 
be taken out of its case to allow them to be reset. 

It will be noted that the introduction of a.f. modulation in 
push-pull is recommended with all high impedance balanced 
modulators using conventional amplifier valves. Simplified 
circuits such as that of Fig. 10.15 have been designed in 
which modulation is applied to one of the valves only. The 
drawback of such a simplification is that the amount by 
which the carrier may be suppressed is only about half that 
obtainable with push-pull modulation; 20-25db represents 
creditable performance for the circuit of Fig. 10.15. For 
best results, it is essential to provide push-pull audio 
excitation. 

Although tbere are many possible variations of the low 
impedance diode modulator, they all stem from the four 
diode ring modulator which bas given the telephone com
panies such excellent service in landline s.s.b. work. The 
basic modulator shown in Fig. 10.16 is rarely used by 
amateurs but a number of derivatives have become popular. 
The diode balanced modulator requires impedance trans
formation in both the audio and r.f. circuits and may not be 
as couvenient to incorporate in a transmitter as the high 
impedauce type. Its long term stability is, however, claimed 
to outweigh :ill other considerations. 

Fig. 10.16. Diode bridge modul3tor. 
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The shunt connected circuit shown in Fig. 10.17 is capable 
of excellent results, and is suitable for providing input to 
filters operating at intermediate or higher frequencies. The 
key lo successful operation lies in the selection of a pair of 
cliodes whose characteristics match closely and in the correct 
transformation of impedances at both audio and radio 
frequencies. Suitable matched diodes are available com
mercially. When installing them, an efficient heat shunt 
should be used to prevent the heat or the soldering iron 
causing the characteristics to change. In addition, the diodes 
should be located well clear of components which might 
generate enough beat to affect their performance. Many a 
mediocre balanced modulator owes ils indifferent operation 
to the fact that it bas been placed too close to a valve or a 
high wattage voltage-dropping resistor. 

The selection of operating impedances is something of a 
compromise. The resistor R2 is included to prevent the 
carrier being shorted to earth through the audio transformer 
Tl, and the input of the i.f., transformer must be modified 
as shown in Fig. 10.17 so that it will not act as a short circuit 
at audio frequencies. 

AUDIO 
INPUT 

IOOpf ':" 

6SpF 
RF INPUT 

75pF 

P2 

RF 
OUTPUT 

(056) 

Fig. 10.17. Shunt•type diode balnnccd modulo.tor. 

Carrier input must be at low impcduoce; a standard i.f. 
transformer with the original secondary removed and 
replaced with a scramble winding of 50 lo 100 turns tightly 
coupled against the primary will be found satisfactory. lf 
the potentiometer VRl does not alone give sufficient carrier 
suppression, it may be supplemented by a small variable 
capacitor of about 100 pF maximum value connected between 
earth and one or other of the points marked Pl and P2 in 
Fig. 10.17. If the balancing capacitor is needed, its correct 
placement and adjustment may quickly be determined by 
trial and error. 

The application of modulation causes the bridge to become 
unbalanced at audio rate and double sideband energy to 
appear at the output. For minimum distortion, the carrier 
voltage should be about ten times as great as the peak audio 
voltage. Several volts of r.f. and a fraction or a volt of 
audio are the usual operating levels. 



The series connected balaoced modulator is sbown in 
Fig. 10.18. Almost any audio transformer may be used, as 
long as it is bypassed at carrier frequency by Cl, while a 
standard i.f. transformer will serve for TFT2. The same 
considerations as in the shunt-connected modulator apply 
to the carrier input transformer and to capacitative balancing. 
With eilber modulator the audio input may be provided by 
a cathode follower instead of a transformer and this arrange
ment is shown in Fig. 10.19. 

Although the series and shunt balanced modulators are 
suitable for use at i.f. and r.f. to feed filter units, a pair of 
them may not be connected conveniently in parallel in the 
manner required for the generation of s.s.b. output by the 
phasing method. The modified ring circuit designed by 
D. E. Norgaard, W2KUJ, and reproduced in Fig. 10.20 over
comes Ibis difficulty. Almost all the commercial phasing-type 
transmitters made in the USA which employ diode balanced 
modulators make use of this arrangement. An ordinary 
loudspeaker transformer with a 15 ohm secondary will be 
suitable for Tl, while LI is a three or four turn link wound 
over the cold end of the carrier oscillator coil, and adjusted 
to give about 4 volts of r.f. across VRl. The push-pull tank 
circuit resonates at the desired output frequency. The 2·5 mH 
choke must not be omitted. 

In describing balanced modulators, the convention of 
rating a circuit in terms of " so many decibels of carrier 
suppression " has been followed. This may be 'misleading 

6SpF 
RF INPUT 

Fia. 10.18. Series-typo balanced modulator. 

RF 
OUTPUT 
(ose) 

to the uninitiated, because in fact the circuits work the other 
way round. To be strict ly correct, the rating of a balanced 
modulator should be expressed as the number of decibels 
by which the output at maximum audio drive exceeds the 
minimum resting output in the absence of modulation. The 
point of making this distinction is to show that for the highest 
degree of carrier suppression any balanced modulator should 
be driven to its maximum undistorted output. The drive 
to the final stages of a transmitter should be controlled after 
the s.s.b. signal has been generated and not by reducing tbe 
audio input to tbe balanced modulator; if it is not, the 
carrier suppression of the system as a whole will suffer. 

As the balance of both high and low impedance types is 
affected to a considerable extent by the amplitude of the 
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~O·I 
IK 

6C4 or 
1/z 121.U7 

2·2K 0·003 

AUDIO INPUT 

IOOpF ':" 

RF INPUT 

IFT2 

Fig. 10.19. Method of substituting an n.(. cath oclo follower in pl;ice 
of an audio transformer in a scrlcs .. typo diode balanced modulator. 

applied r.f. carrier, excitation should be obtained from an 
oscillator of the highest stability. The voltage to the oscil
lator anode should, of course, be stabilized, as should the 
anode supply to the valves in the high impedance modulator. 

SIDEBAND ATTEN UATIO N 

The double sideband signal generated by any of the 
balanced modulators described is of little value for com
munication purposes, so it has to be turned into s.s.b. by 
attenuating one of the sidebands. No matter what system 
may be used, lbe unwanted sideband is not eliminated 
completely; it is merely attenuated to the extent at which 
its nuisance effect becomes negligible. A filter attenuation 
of 30-35db has come to be regarded as the minimum 
acceptable standard. With care, suppression of 50db or 
more is attainable but it is debatable whether there is any 
practical advantage in striving afler greater perfection. 

The unwanted sideband may be auenuated either by 
phasing or filtering. The two methods are totally different 
in conception, and will be discussed in detail. 

R~LI 

'::U 
Tl 

~ 
I~ 

RF 
OUTPUT 
(OSB) 

Fig. 10.20. Modified ring type balanced modulat or. Tl is an audio 
transformer with iow impe.danco secondary winding; a ratio 
between 1 : 8 and 1 : 12 is recommended. L 1 is a three or four turn 
link wound over the cold e nd of tho inpu t tank inductor and adjusted 
to give 3 or 4 volts r.m.s. across its output-. A ny matched pair of 
d iodes may be used for CR1 and CRl.. The input 11.nd output r .f. 

d r cuits should rcson:ato at the opcr:it.ing frequency. 
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The Phasing System 
Although the filter method provides the classic way to 

generate a single sideband signal, the phasing system will be 
described first, because it was invented, pioneered and devel
oped by amateurs. The system is based upon a mathematical 
theory which cannot be explained in simple language, but 
fortunately an w1derstanding of a few basic principles is all 
that is required to enable the theory to be translated into 
practice. 

A block diagram of a phasing type transmitter is shown in 
Fig. 10.21, from which will be seen that the output of an r.f. 
osciUator is fod into a network in which it is split into two 
separate components, equal in amplitude but differing in 
phase by 90°. Similarly, the output of a11 audio amplifier is 
split into two components of equal amplitude and 90° 
phase dilTerencc. One r.f. and one a.f. :component are 
combined in each of two balanced modulators. Tbe double 
sideband suppressed carrier energy from the two balanced 
modulators is fed into a common tank circuit. The relative 
phases of the sidebands produced by the two balanced 
modulators are such that one sideband is bala11ced out, while 
the other is reinforced. The resultant in the common tank 
circuit is an s.s.b. signal. The main advantages of a phasing 
exciter are that sideband suppression may be accomplished 
at the operating frequency, and that selection of the upper 
or lower sideband may be made by reversing the phase of 
the audfo input to one of the balanced modulators. These 
facilities arc denied to the user of the filter system. 

If it were possible to arrange for absolute precision of 
phase shift in the r.f. and a.f. networks, and absolute 
equality in the amplitude or the outputs, the attenuation of 
che unwanted sideband would be infinite. In practice, 
perfection is impossible to achieve, and some degradation 
of performance is inevitable. Asswning that there is no 
error in the ampli tude adjustment, a phase error of 1° in 
either the a.f. or the r.f. network will reduce the suppression 
to 40db, while an error or 2° wi ll produce 35db and 3·5° 
will result in 30db suppression. lf, on the other hand, phase 

Fig. 10.11. Phasing t ype transmitter. 
AUDIO 

AMPLIFIER 

Fig. 10.ll. M~thod o f obtain~~c~~;/hase s hift by coupled tuned 

the two most satisfactory arc those which use a pair of 
loosely coupled tuned circuits, and the so called low-Q 
network which uses a combination of resistance, inductance 
and capacitance. The former is shown diagrammatica lly in 
Fig. 10.22 a nd is based on the properly of coupled circuits 
which provides that if both are tuned to resonance the voltage 
induced in the secondary will lag behind that appearing 
across the driven primary by 90°. Ln practice it may prove 
difficult to tune both circuits to the precise point of resonance 
because of mutual interaction, but if this defect is encountered 
it may be easily overcome. The recommended method is to 
start by detuning the secondary completely, or to shunt it 
by a resistive load of about 200 ohms so that it cannot rcacc 
upon the primary. The primary is tuned to resonance, using 
a valve voltmeter or other r.f. indicator, and is then detuned 
to the high frequency side until the voltage drops to 70 per 
cent of that indicated at resonance. The secondary is next 
brought to resonance (wi th its shunt removed) and finally 
detuned to the low frequency side until the indicated voltage 
drops to 70 per cent. The voltage across the two circuits 
will then dilTer in phase by precisely 90°. Because of losses, 
it_is unlikely tha(the voltage appearing across the secondary 
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'----'--------IMOOULATOR 

adjustment is exact, a difference of amplitude between the 
two audio channels wi ll similarly reduce the suppression. A 
difference between the two voltages of I per cent would give 
45db attenuation, an error of 2 per cent would result in 
40db, and 4 per cent 35db approximately. These figures are 
not given to discourage the intending constructor, but to 
stress the need for !tig!t precision ivorkma11ship and adjustment 
if a sat isfactory phasing-type s.s.b. transmitter is to be 
produced. 

There arc many ways of obtaining r.f. phase shifts, but 
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will be exactly the same amplitude as that across the primary; 
it is therefore inadvisable to use capacitive coupling from the 
bot ends of the windings . Link coupling, as shown in Fig. 
10.22, is preferable because it allows compensation to be 
made for inequalities in amplitude. 

The early amateur phasing transmitters were designed for 
fundamental-frequency operat ion, driven directly from an 
existing v.f.o. tunjng the 80m band, and used a low-Q phase 
shift network. The low-Q circuit has the ability to maintain 
the required 90° phase shift over a small frequency range, 



and this made the network suitable for use at the operating 
frequency in single band exciters designed to cover only a 
portion or lhc chosen band. 

Today, with the great increase in s.s.b. activity, it is 
necessary to be able to change frequency over a range or 
200 kc/s or more. Under these conditions the rJ. phase shirt 
network would be quite incapable of maintaining the required 
accuracy of phase shift and the available sideband suppres
sion would deteriorate to a point at which the exciter was 
virtually radiating a double sideband signal. Il is true that 
the plain r.c. network will provide a phase shift that is 
independent of frequency. Unfortunately experience over 
the years indicates that this simple method is not capable of 
providing the required sideband suppression. Additionally, 
a change of frequency into any type of r.f. phase shift 
network will cause a change in output amplitude ratio, and 
this in turn will unbalance the modulator and severely 
degrade the carrier suppression 

If amateurs are to enjoy the full benefits of s.s.b. working 
and reduce adjacent channel splatter aud heterodyne 
interference to a low level on the amateur bands, a sideband 
suppression or 30-35db and a carrier suppression of 50db 
should be considered the minimum acceptable standard. 

Any operating method that is fundamentally incapable of 
maintaining this standard should not be used on the amateur 
bands. For this reason, the fundamental type of phasing unit 
is not recommended. For acceptable results, the r.f. phase 
shift must be operated at a fixed frequency outside the 
amateur bands. The s.s.b. output from the balanced modu
lator is then helcrodyned to the required bands by means of 
an external v.f.o. This method will be discussed in greater 
detail later in this chapter. 

Audio Phase Shift Network 
Although it is quite practicable to coostruct an audio 

phase shift network capable of covering from 50 to 5000 c/s, 
the results scarcely justify the high cost involved. Experi
ments have shown conclusively that frequencies below 300 
and above 3000 c/s contribute litUe to the intelligence 
conveyed by the human voice, and that under conditions of 
high ambient noise there is a decided advantage in accent
uating the higher frequency speech components and 
progressively attenuating those components which lie below 
500 or 600 c/s. The naturalness of the voice under this kind 
of treatment must necessarily suffer, but to a lesser degree 
than might be expected. Telephone lines have a frequency 
response no better than that mentioned and their quality is 
adequate for normal aural communication. 

A straightforward circuit giving exactly 90° phase shift 
over the total audio spectrum is impossible to realize, but by 
restricting the range to the minimum required for satisfactory 
communicat ion, a tolerably good network may be constructed 
from simple fixed capacitors and resistors. The voltage at 
one of the output terminals leads the applied a.f. voltage by 
an amount which varies according to the frequency, while 
the output at the other terminal lags behind the applied 
voltage. The values of the components may be chosen so that 
the total phase shift between both output terminals 
approximates 90°. 

Fig. 10.23 shows a network particularly suitable for 
amateur use. This is similar in configuration to that used by 
W2KU.I in his famous "S.S.B. JR " which popularized 
single sideband in the USA, but the circuit values have been 
modified lo enable more easily obtainable components to be 
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used. The network operates over the range 300-3000 c/s, 
and if it is constructed of components of 1 per cent tolerance 
the maximum deviation from the ideal phase shift of 90° 
will be within 1 ·5°. Sideband suppression is therefore better 
than 35db at the worst frequency within the range. This 
network should be fed from a source impedance of 500 
ohms, a11d the two a.f. input voltages should have a precise 
amplitude ratio (measured to earth) of 2 : 7. T his is obtained 
by the position of the slider of the balancing potentiometer 
YR I ; it therefore follows that this slider will be some way off 
the central position. The lower of the two voltages should 
occur at the input terminal common to the two 430 pF 
capacitors, C2 and C4. The output terminals should be 
connected to a load of infinite impedance such as the grids 
of a pair of class A amplifier valves. (This audio phase shift 
network may be obtained commercially as tbe Barker & 
Williamson Type 2Q4 Phase Shift Network, with all com
ponents sealed io a metal valve envelope designed to plug 
into a standard octal valveholder.) 

As the audio phase shift network is the heart of a phasing 
exciter, no effort should be spared in constructing it as 
closely as possible to specification. Close tolerance silvered 
mica capacitors and high stability resistors should be used 
exclusively. 

------....:6 
OUTPUT'A' 

5 

VR I 2 
soon OUTPUT 'e• 

':' 3 C2 
430pF 

7 

Fig. 10.23. "S,S.B. Jr." p3nive a.f. phase shift network. Cl, Cl 680 pF. 
Cl, C4 4)0 pF. RI 487,500 ohms {470K + 15K + 2·2 K in series); 
Rl 770,000 ohms (500 K + 270 K in seri.,s); Rl llS,000 ohm• (100 K + 
15 K + 10 Kin series); R4 198,000 ohms (ISO K + 47 K in series); 
VR1 SOO ohms. All capacitors are silver mica 1 '~ tolerance. All 
re-.siston are hi1h..stability ± 1%, of ha1fwart ratin1. The input and 
output connection numbers r·elate to the octal ba.1e pin numbers of 

the B Ir W 2 Q4 P.S. nerwork. 

If the speech amplifier used to drive the network described 
does not have its response restricted to the range over which 
the network is effective, objectionable distortion will result. 
An adequate degree of roll-off at low frequencies may be 
obtained by using low value coupling capacitors in the speech 
stages preceding the network. Insufficient high frequency 
attenuation will not necessarily make the signal as difficult 
to tune and read as poor low frequency cut-o!T, but it will 
cause splatter and interference to users of adjacent channels. 
Thi.s may be minimized by restricting the high frequency 
response of the audio amplifier in the manner shown in 
Chapter 9 (Modulation). 

A stage of class A amplification must be interposed 
between each of the output channels of the phase shift 
network and its associated balanced modulator for three 
reasons: to provide amplification, to offer the correct tem:tln
ating in1pedance, and to isolate the network from the some
what variable load presented by the balanced modulator. 

The necessity of building these two amplifiers as really 
high fidelity devices is frequently overlooked, but it. is vitally 
important. Unless tne frequency response is excellent, the 
amplifiers may introduce phase-shifts on their own account 
and nullify the good work done by the phase shift network. 
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If RC coupling is employed, large-value capacitors are 
essential, while audio transformers should be of proven high 
quality and wide frequency response. Shunt feed is recom
mended with transformer coupling to obviate the ill-effects 
of d.c. current flowing through the primary. Finally, the 
valves themselves should be operated on the strictly linear 
part of their characteristic curves and kept well within their 
ratings. 

The Fil ter Syste m 

Since the objective is to transmit only a single sideband, 
it is necessary to select the desired sideband and suppress tbe 
undesired sideband. This is possible because the modulating 
wave is restricted to a band of audio frequencies separated 
from the carrier by an appreciable amount. This relation
ship is shown in the diagram of F ig. 10.5. Removing the 
unwanted sideband by tbe use of selective filters has the 
advantage of simplicity and good stability. The w1wanted 
sideband suppression is deteruili.1ed by the attenuation of the 
sideband select ing filter, and the stability of this suppression 
is determined by the stability of the elements used in 
construcling the filter. This stability can be quite high 
because it is possible to use materials that have a very low 
temperature c.ocfficient of expansion. Two commonly used 
materials arc quartz crystal plates and small metal plates. 

The fil ter system, because of its proven long term stability, 
has become the most popular method used by amateurs. At 
present three types of selective sideband filters are in 
common use: 

(i) the medium frequency crystal filter, 
(ii) the high frequency crystal filter and, 

(iii) the low frequency mechanical fiJter. 
These thrcc,methods will be described in detail. 

Fiit. 10.14. Slngla soction;half·lattice filter. To obtain tho centre tap 
IFTI is modiliod by replacing the original resonating capacitor by 

two:capacltors or double the value (Cl - Cl ~ l CI). 

M.F. Crystal Filters 

The crystal sidcbaod fi lter is attractive to the amatem 
because it can be home constructed and the response 
characteristics and shape factor arc under the constructors 
control. Additionally, suitable crystals in the range 400-500 
kc/s have been available on tlJe surplus market at low cost 
in the FT24 I series of 54th and 72nd bannonic crystals. All 
crystals whose marked frequency commences with the 
figure 2 arc 54th harmonic types, and all crystals whose 
marked frequency commences with the figure 3 are 72nd 
harmonic types. In each case the fundamental frequency of 
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XI 

Fie. 10.15. Double section ha(f.tattice filter. XI a nd Xl same 
frequency. Xl and X• same frequency. Recommended cryst;il 

spacins is &i'Wen in T ab le 1. 

the quartz plate is the frequency marked on the box in Mc/s, 
divided by the harmonic series (i.e. 54 or 72). • 

Experience has shown that an audio frequency range of 
300- 3000 c/s is satisfactory for voice communication and 
gives acceptable 'speech quality. The filter passband is 
therefore required to be 2700 c/s, and in the perfect filter the 
"slope" or the sides of the filter response curve would be 
vertical so that the bandwidtb 60db down would a lso be 
2700 c/s. In practice this ideal is not practicable and the 
sides of the filter response slope outward so that the band
width 60db down is greater than the bandwidth a t the 6db 
points. The ratio, 6db bandwidth to 60db bandwidth, is the 
shape factor of the 6lter. A shape factor or two is a good 
figure to aim for, and if the filter can be made with a steeper 
response than this, so much the better-the sideband 
suppression will be further improved. 

The circuit of a single half.Jattice filter is shown in Fig. 
J0.24. For improved sideba11d suppression half·lattice 
sections may be connected in cascade as shown in fig. 10.25. 

The optimum crystal spacing for an audio bandwidth of 
300-3000 c/s is affected by the steepness of the passband 
skirts, (i.e. approximately I ·85 kc/s for a single half-lattice 
section, 2·2 kc/s for two sections, and 2·4 ke/s for three 
sections), and also by the inclusion or otherwise of a shunt 
crystal which may be used to steepen the response on the 
carrier side. A simple ha.If-lattice filter will give an unwanted 
sideband suppression of approximately 30db, and if a better 
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Fig. t0.26. Response curve ora sinele half·lattice filter with neutr:..l i ~· 
ing. N otC> the side lobes just below the 30db level. Tho stcC>pness of 
the response ean be improved by a small neut·ralising capacitor or 
2·3 pf (t-wo lengths of p.v.c. insulated ll s.w.g. connecting wire twisted 
toaethe_r for half an inch) across the pins of the hiaheJt frequency 
c;ystal 1n each half·lattice arm. Too much capacity may brini: up the 
side Jobes to an un:accept'abfe level. 

• 1:•blcs showin& the frcq~eocics or ~II FT24 I type crystals common!)" 
used in s.s.b. filters arc i:wcn 1n the f/.ad10 Data Rtfumct Book, published 
by RSGD. 



performance tlian this is required it will be necessary to use 
two or three filter sections. As a guide, the response of a 
single hair-lattice filter is shown in Fig. 10.26 and the 
response of the same filter with an additional shunt crystal 
is shown in Fig. 10.27. As a further guide, the expected 
performance with different filter configurations is given in 
Table 10.1. 

All FT241 crystals should be checked for frequency aud 
activity by placing the crystal in series with the output from a 
BC22l frequency meter and the input to a diode probe valve 
voltmeter used on the 10 volt range. The BC221 should be 
slowly tuned across the required frequency range and at 
some setting the valve voltmeter pointer will swi11g over. 
This is the series resonant frequency of the crystal and if the 
activity is satisfactocy the valve voltmeter will read about 
half scale. Any crystal giving less than 3 or 4 volts should be 
discarded. lf the filter comprises two or three sections, those 
crystals on either side of the passband ccnlre should be 
matched in frequency within a few cycles of each other, 
either by edge grinding or by plating. 

The only satisfactory method of edge grinding is to hold 
the crystal plate (without dismounting from its support 
wires) in a jig so that it cannot possibly move under any 
circumstances, and tben apply Ille grinding medium to it in 
the form of a rigid flat surface such as a 3 in. x I in. x ! in. 
Carborundum slip stone of No. 280 grit, obtainable from a 
local hardware dealer. The frequency may be raised a few 
hundred cycles by grinding the top edge. 

Copper plating may be used to lower the frequency. A 
standard plating solution may be made by adding J 5 gm. of 
copper sulphate, 5 c.c. of concentrated sulphuric acid and 
5 c.c. of commercial alcohol to 100 c.c. or distilled water. The 
solution should be poured into a glass vessel in which is placed 
a piece of clean copper wire bent so that it clamps Lhc edge of 
the vessel and extends about 1 in. into the liquid. The wire 
should be connected in series with a 330 ohm resistor to the 
positive terminal of a 1·5 volt dry cell. l3oth pins of tbe 
crystal arc then connected together and wired lo the negative 
side of the battery. When the crystal is dipped into the 
solution, a copper deposit will be formed which wi ll lower 
its frequency. The exact variation may be determined by 
trial and measurement; if the process is accidentally carried 
too far, it may be reversed by changing the polarity of the 
dcy cell and removing some of the copper. The process is not 
necessarily reversible with all crystals so caution is recom
mended. 
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Fig. 10.27. Rosponsc curve of a single half lattice fi lter with s hunt 
"ystal. Note how the s hunt crystal steepens tho passband on the 

carrier 1ido :ind im proves the sideband suppression. 

When the frequency of the crystal has been increased by 
grinding, or lowered by plating, the unit should be 
thoroughly washed under running warm water, or alterna
tively washed in pure carbon tetrachloride, before being 
returned to service. 

The most suitable type of i.f. transformers to use for 
coupling arc the medium Q, high L/C ratio types; that is a Q 
of around 60 and a resonating capacity value of not more 
than 100 pF. The Maxi-Q miniature i.f.t. Type lFT.1 1/465 
arc very satisfactory, as also the std11dctrd miniature i.f.t's. 
made by Elcctroniqucs (not the pot core types). After 
alignment by adjusting all transformer dust cores for 
maximum response al the centre passband frequency, the 
filter response should be plotted and the bandwidth meaSLLred 
at the 6 and 60db points to determine the sbapc fnctor that 
ha~ been achieved. 'ormaUy the carrier crystal is placed a t 
a frequency that is 20-25db down on the filter response curve. 

It sbould be appreciated, however, that its positioning is a 
compromise and it sbould finally be adjusted to obtain the 
best balance of audio quality determined by on-the-air 
reports. 

Before embarking on the construction of a sideband filter 
it is most important to realize that surplus FT24l crystals are 

TABLE 10.1 

S inr le half-lutice S inrte half·lattice Two half·lattice Three half-lattice 
filter w ith with shunt crystal with l shunt crystals. Symmetrical receiver 

ncutralizina No neut:rali2ing No neutralizing filter 

Crysu.I spicini for 
2·7 to 3·0 kc/s 

2·2 kc/s 2·2 to 2·~ kc/s b•ndwfdth ... ... . .. I ·BS kc/s 1·6 kc/s 

Carri er c ryst a l 
spocinr. (Fig. 10.27) ... ... 0·85 kc/• 0·8 kc/s 0·25 to 0·4 kc/s 0·35 to 0·4 kc/s 

Sidcbond Suppression ... ... 30db 35db 45 to 55db 60 to 72db 

Typo ol response ... . .. . .. Symmctrlcol Asymmetrical Asym onotr'lcal Syn1mctricol. Bondwidth 
at 6db points • 2·5 kc/s. 
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more than 20 years old, have deleriorated with time and may 
be several hundred cycles-in some cases more than 1 kc/s
olf their original frequency. The Q of the crystal may be very 
low and in some cases the cryslal may fail to oscillate at all. 

Modem gold plated AT cut cryslals are supplied in 
bermeticaJly scaled B7G holders and have much better 
stability and output and may be obtained as current equip
ment ground and calibrated to within 0·01 per cent of 
specified frequency; alternatively the Quartz Crystal Co. Ltd. 
will supply a complete set including the carrier crystal, for 
either a single section or a double section filter. Newcomers 
to s.s.b. without previous experience of crystal manipulation 
and filter alignment are strongly advised that the initial 
additional cost of current production crystals is, in the long 
run, a worthwhile investment. 

H.F. Crystal Filters 

Many amateurs are natural experimenters and prefer, if at 
all possible, to make their own items of equipment. This 
applies particularly when there is a ready supply of low cost 
surplus " raw material." lt is therefore not surprising that 
there has been increasing interest in the possibility of using 
the range of FT243 high frequency crystals in a bandpass 
filter with characteristics suitable for single sideband 
application. Experience bas shown tbat it is in fact practic
able to use these crystals and meet the requirements of the 
amateur s.s.b. operator in regard to a filter giving a band
width of approximately 2·7 kc/s and a shape factor of two, 
with simple circuitry, the application of a little common 
sense and initiative, and the use of test equipment likely to 
be used by ao amateur. 

The main advantage of the crystal filter is the exception
ally high Q and stability of the quartz plates and these 
characteristics make it possible to obtain the required 
selectivity at high intermediate frequencies, avoiding the 
need for the usual double conversion that is generally 
necessary to obtain the required degree of image rejection. 

REACTANCE 

/, 
---f1---lJl(IE---~)o .... FREQUENCY 

PARALLEL 
RESONANCE 

Fig. 10.28. Rea ctancc characteristics of a quartz crystal. The 
ho rizon tal arrows de note an increasing frequency. 

It is well known that a quartz crystal has two resonant 
points very close together: these are the series resonance (the 
" zero " of impedance) and the parallel resonance (the 
" pole " of impedance) and this change of reactance or 
impedance is shown in Fig. 10.28. 
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Fig. 10.29. Basic single section half·latticc crystal filter. for optimum 
resul ts the t 'wO halves of T1 must have very tight co upling. 

The circuit of a simple one-section half-lattice filter is 
given in Fig. 10.29 and it will be seen that the two crystals 
and the two halves of the inductance Tl form the legs of a 
bridge. Provided that the voltage across the coil from 1 to 2 
is exactly the same as the voltage from 3 to 4, and provided 
also that the imped<inces of the two crystals A and B are 
equal there will be no voltage at the common connection 
(point 0). 

CRYSTAL A ____ 

1
_..t---')f;ll'-:,-1:.------)o• 

CRYSTAL 8 ----+--+--1•.,..,.r-+-----)oo
zrno-t-' ~POLE 

I I I 

FREQUENCY 

Fig. 10.30. Diagram showing the theoretical passband ofa half lattice 
c rystal filter. 

For the requirement of a bandpass filter, crystals A and B 
are chosen to be different in frequency. Assuming the input 
frequency is at the zero (series resonance) frequency of 
crystal A the impedance balance of A and B is spoiled and 
there will be an output voltage between point 0 and the 
centre of the coil; tbis will also occur if the input frequency 
is at the pole (pa.rallel resonance) frequency of crystal A. At 
the appropriate input frequencies the same thing will happen 
for crystal B, only the unbalance will be in tbe opposite 
direction. From this it follows that the filter passband will 
be as wide as the spacing of all the poles and zeros. If the 
series resonant frequency of crystal Bis arranged to coincide 
with the parallel resonant frequency of crystal A this will 
theoretically give a perfectly flat passband of twice the pole 
zero spacing of each crystal; see Fig. 10.30. Fortunately for 
the constructor the surplus range of FT243 crystals have a 
measured range of pole zero frequencies suitable for the 
requirement. Two of these crystals spaced approxin1ately 
2 kc/s apart will give a satisfactory single sideband band
width. A further improvement in the steepness of the pass
band skirts and therefore better unwanted sideband rejection 
is obtained by cascading two half-lattice sections in a simple 
back-to-back circuit. 
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Fig. 10.31. This is the test circuit used by GlDAF for plotting fHter pass bands and crystal frequency m"asurement. 
T he BC111 frequency meter operates on Its normal 430 to 470 kc/s ranse, and b"ata against t he 8050 kc/• crystal con· 
trolled oscillo.tor to JiY" a preci•ion output over the range 8480 to 8520 kc/• · For pol" zero frequency measurement 
the arrowed connect·ion points are taken to the B terminals, and for filter passband plottinc they ar·e taken to termin
al$ A . The potentiometer in the cathode circuit of VJ enabf~ amplifier gain to be act to 11ve a conve nient scale 

deOcction on the valve voltmeter at th e point of maximum filter response i .e. O db. 

It is ao impossible undertaking to attempt to measure the 
series and parallel resonances of high frequency crystals with 
the usual workshop signal generator-the tuning is far too 
coarse. The onJy satisfactory procedure is to construct a test 
rig so that the variable signal source is a frequency meter 
such as the BC221 used on its nom1al l.f. ranges. A suitable 
test rig is shown in Fig. 10.31. It will be seen that the 
BC221 beats against a crystal controlled osciJlator to 
produce the required frequency at the converter valve anoc:Je. 
The crystal to be tested is plugged into the holder whose 
input and output has a resistive padding network to avoid 
measurement error due to stray circuit capacity (stray 
circuit capacity bas no effect on the series resonance but will 
affect the parallel resonance). At the parallel resonance the 
crystal is offering a high impedance and the output voltage 
would be too small to be measured on a workshop vaJve 
voltmeter. Accordingly a class A amplifier is used, and the 
valve voltmeter probe is connected to the valve anode. This 
gives ample voltage to enable tbe pole and the zero fre· 
quencies to be accurately determined, and also enables the 
test rig to be used to plot the response of the complete filter, 
using the alternative connections shown. 

Initially it is wise to purchase at least eight crystals
preferably 12-all of 1he same channel number. Using the 
test rig, measure the pole and 7J:ro of each crystal and mark 
the frequencies in pencil on the side of the crystal base (the 
crystal zero frequency coincides wi th a sharp rise in the valve 
voltmeter reading, and the pole frequency wiih a sharp dip). 
Now select four crystals with the sam~r most nearly the 
same-pole zero spacing. Take two of these crystals and 
match them within 10 c/s of the same series resonant 
frequency by etching the lower up to the higher with 

• This is hiahlY corrosive and must be treated with extreme caution. 

ammonium bifluoride*. The two remaining crystals are also 
matched in the same way, but on a series resonant frequency 
that is approximately 2 kc/s higher. As 2 kc/sis a very smaJl 
proportion of the crystaJ frequency the etching solution will 
work very fast and it is advisable to use one part of a normaJ 
saturated solution to one or two parts of water. 

Finally, the filter coil is constructed by taking a length of 
22 s.w.g. p.v.c.-insulated connecting wire, doubled back on 
itself to form two parallel wires. This is then wound on a 
ferrite ring core to form nine double turns (total J 8 turns) 
aod the inner o f one winding connected to the outer of the 
other to form a bifiJar winding wi th the junction the centre 
tap. The main requirement of the inductance is very tight 
coupling between eacb hair, together with a perfect electrical 
balance. In practice the grade of ferrite material does not 
appear to be critical. Filters have been successfully built 
using the ring from a Mullard LA4 pot core assembly (35mm 
outside diameter) and also the ring from a mains suppressor 
filter choke (l t in. outside diameter) obtained from surplus 
sources. 

To give some guidance as to the characteristics that may 
be expected, the plot of the filter passband and the pole aod 
zero frequencies of a typical experimental filter is given in 
Fig. 10.32. 

The carrier crystal frequency is determined by plotting the 
filter passband and marking the 20db down points. One of 
the remaining FT243 crystals is etched so that its parallel 
reso11a11ce frequency is a t this frequency. Finally when the 
transmitter is completed and tested on the air the carrier 
crystal can be pulled by means of a 50 pF trimmer across the 
oscillator grid circuit to obtain the best baJancc of voice 
quality. 

FT243 crystals are mounted in t in. pin spacing holders, 
and are available over a wide range of frequencies in 25 kc/s 
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Fig. 10.ll. The high frequency filter passband and pole :i:oro frequen
cies o( t ho ntt ,cr in usa a t GlOA F. It can be •ecn t hat crystal XS is 
the odd on e out , with :\ greater poJc ... zero spacinr than the others. 

T his causes t ho alight asymmetr y o( t he curve. 

steps from 5700 kc/s to 8650 kc/s, :md in 33·333 kc/s steps 
from 5706·666 kc/s to 8340 kc/s. In general all crystals 
throughout the range are suitable for h.I. filter construction; 
there is however one notable point. These crystals were 
made by a large number of different manufacturers for the 
USA Services and the "cul" of the quartz plate is not 
always the same (i.e. certain crystals may have a pole zero 
spacing that is much greater than the average figure of about 
2 kc/s; such crystals should be discarded as not suitable for 
bandpass filter use). 

Commercially-made h.f. filters are now available from the 
following manufacturers : McCoy Electronics Co., Holly 
Springs, Pa., USA, and The Quartz Crystal Co. Ltd., New 
Malden, Surrey. The latter manufacturer will also supply 
current production h.f. filter crystals ground to specified 
frequency, together with matching carrier crystal. 

Mecha nica l Fil t e rs 

Three types of mechanical filters are available in the UK 
al competitive prices that put them within the price range of 
many sideband workers. These are the Collins F455 FA-21 

MAGNETOSTRICTIVE 
ELECTRICAL 

SIGNAL 
( INPUT OR OUTPUT) 

COUPLIN G RODS 

ELECTRICAL 
SIGNAL 

( INPUT OR OUTPUT) 

Fig. 10 .. 33. Constructional deta ils of a. mechanical filter. 

10.16 

filter with a 6db bandwidth of 2·1 kc/s and the Kolrnsai 
MF455-10K and MF455-15K with 6db bandwidths of 2·0 
and 3·0 kc/s respectively. The mechanical filter is a mechanic
ally resonant device which receives electrical energy, converts 
it into mechanical vibra tion. then converts the mechanical 
energy b:ick into electrica l energy at the output. The 
mechanical filler consists basically of four elements: 

(i) an input transducer which converts the electrical 
input into mechanical oscillations, 

(ii) metal discs which arc mechanically resonant, 
(iii) coupling rods which couple the metal discs, and 
(iv) an output transducer which converts the mechanical 

oscillations back into electrical oscillations. 
Fig. 10.33 shows the clements of the mechanical filter, and 

Fig. 10.34 shows the electrical analogy of the mechanical 
filter. ln the electrical analogy the series resonant circuits 
LI C l represent the metal discs. the coupling capacitors C2 
represent the coupl ing rods, and the input and output 
resistances l~ represen t the matching mechanical loads. 

The transducer, which converts electrical energy into 
mechanical energy and vice versa. may be either a magneto
strictivc device or an elcctrostrictive device. The magneto
strictivc transducer is based on the principle that certain 
materials elongate or shorten when in the presence of a 
magnetic field. If an electrical signal is sent through a coil 
which contains the magnetostrictive material as the core, the 
electrical oscillation will be converted into mechanical 
oscillations. The mechanicnl oscillation can then be used to 
drive the mechanical elements of the filter. The elcctro
strictive transducer is based on U1e principle that certain 
materials, such as piezolectric crystals, will compress when 
subjected to an electric current. The transducer not only 
converts electrical energy into mechanical energy and vice 
versa ; it also provides the correct termination for the 
mechanical network. 

In practice, filters between 50 kc/s and 600 kc/s can be 
manufactured. Since each disc represents a series resonant 
ci rcuit, increasing the number of discs will increase the skirt 
selectivity of the fi lter. Manufacturing technique at present 
limits the number of discs to eight or nine in a mechanical 
filter. A six-disc filter has a shape factor of approximately 
2·2, a seven-disc filter a shape factor of approximately 1 ·85, a 
nine-disc fi lter a shape factor o f approximately 1 ·5. 

The Collins Mechanical Filter 

Collins mechaniC<il fil ters have been in use for a number of 
years and arc avai lable in the range from 60 kc/s to 500 kc/s 
with 6db bandwidths from 0·5 ke/s to 35·0 kc/s-in fact 
l3ullctin 1007 obtainable from Collins Radio Co. of England 
Ltd. lists no fewer than 92 different types. The Type F455 
FA-21 is designed specifically for the amateur market \vith 
a nominal 6db bandwidth of 2'1 kc/s and a 60db maximum 
bandwidth of 5·3 kc/s providing a shape factor of just over 
2·5 : l . It should be noted that alth ough the shape factor 
is not so good as the more expensive 3· 1 kc/s fi lter (shape 
factor 2· I ) the slope is margina lly better. 

The F455 FA-21 filter is fitted in a rectangular case 2t in. 
long, just over t in. wide, and i in. high and is intended for 
horizontal mounting. The centre frequency is 455 kc/s 
nominal ; 6db bandwidth 2·1 kc/s nominal; 60db bandwidth 
5·3 ke/s maximum; passband ripple 3db maximum; transfer 
impedance 5 K ohms; resonating capaci ty 130 pF ± 5 pF : 



transmission loss 9·5db and spurious response attenuation 
(405-505 kc/s) 60db minimum. The resonating discs are 
driven by magnetostrictive transducers employing polarized 
biasing magnets; for this reason it is not permissible to have 
any d.c. at all nowing through the coil, and shunt feed to the 
valve anode is essential. The two transducer coils are 
identical, arc isolated from the case, and are balanced to 
earth; either coil may therefore be arbitrarily designated as 
input or output and the filter can be coupled to the two 
anodes of a balanced modulator, or may be used to feed the 
two grids of a following balanced mixer. 

Inst;11lt\tion is simple, but it is important to provide 
screening between the input and output connections (a small 
cross screen underneath the chassis). The filter case must be 
earthed. Drive level should be kept below 2 volts r.m.s. 
For best performance the input and output transducer coils 
should be carefully resonated at the filter centre frequency. 
The two basic circuits (a) filter following a high impedance 
load such as the mixer valve in a receiver, and (b) following 
a low impedance load such as the modulator in a transmitter, 
are· shown in:Fig. 10.35. 

HT+ 

BALANCED 
MODULATOR 

F455 FA-21 FILTER 

(b) 

TO 
FILTER 
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Fig. 10.35. Basic circuits for the Collins mechanical filter type F455 
FA-21 showing at (a) a parallel resonated tr;insducor coil following 
a high Impedance load, and at (b) a series r oson11tod tr;insducer coil 
following :i low impedance load. Tho relsonating c:..pacitors are 
adjusted for maximum signal t hrough tho filter 11t the centre 

passband frequency. 

14-ROI • • 
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Fig. !0.34. Electrical analogy of a 
mechanical filter. 

The positioning o r the carrier crystal frequency is usu.ally 
stated by the manufactmer. If it is not, the best procedure 
is to use a BC221 frequency meter as a variable carrier 
oscillator and get reports from other stations Wltil the best 
balance of audio quality is obtained. The frequency is then 
obtained from the dial reading of the BC22J and a crystal 

________ ...! 

fig. t0.36. Kokus;ai mechanical filter theoretical circuit di:igram 
With this filter it is permissible to have d.c. flowinc through the 
transducer coil L, (i.e. series fed h .<. to a mixer anode). Accordingly 
the 11 8 " terminal is ilolated from th~ screening can and it is impor· 
tant that tho filter is wired into the circuit the richt way round. 

ordered from the supplier, stipulating that tho crystal is 
required for oscillation on the parallel resonance mode with 
30 pF shunt capacity. Alternatively, an FT241 crystal ca11 bo 
edge ground or plated so that it oscillates in situ on the 
required frequency. The correct position will usually be 
found to be 20-30db down the skirt response; however the 
narrower the filter the more critical the positioning becomes. 
Usually practical experiment is preferable to an arbitrary 
selection. 

The Kokusai Mechanical Filter 

The Kokusai filter is available with a nominal centre 
frequency of 455 kc/s, with 6db bandwidths of either 2·0 kc/s 
or 3·0 kc/s. The case style is a spun aluminium cylindrical 
can approximately 2t in. high and ll in. diameter with two 
threaded mounting studs and four insulated feed-through 
connecting tags. Mounting is intended to be vertical with 
the connecting tags going through the chassis. 

This filter has the disc resonators excited by quartz 
crystal transducers; the circuit arrangement is shown in 
Fig. 10.36. The general specification of the two filters is as 
follows: MF-455-IOK, Nib bandwidth 2·0 kc/s nominal; 
60db bandwidth less than 7·0 kc/s. MF-455-151<, 6db band
width 3·0 kc/s nominal; 60db bandwidth less than 9·0 kc/s 
(in practice the filters stocked in the UK arc generally better 
than the manufacturer's quoted figures, the 60db bandwidth 
rarely being greater than twice the 6db bandwidth, i.e. a 
shape factor of 2 or better); maximum deviation from centre 
frequency ± 0·8 kc/s; Passband ripple less than 4db; 
Temperature rango 0°C to 70°C. 
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The manufacturer does not give any values for input or 
output terminal impedance but docs state "Doth input and 
output should be connected l'o high impedances. Since 
mechanical filters tend to be rather sensitive to capacitances 
across both input and output terminals care should be 
exercised not to lower the impedance by stray capacity." It 
is clear from this that the Kokusai filter is designed to operate 
into relatively high impedance input and output loads. If the 
filter is connected directly across the output of a diode 
modulator presenting a low impedance load o f a few 
hundred ohms, the transducer coil would be heavily damped, 
there would be loss of signal and a possible change in the 
filter passband characteristics. This difficully can be over
come by using a series resonated tuned circuit, as an im
pedance step-vp transformer, between the diode modulator 
and the filter transducer coil as shown in Fig. 10.37. 

Because of its small physical size and case of mounting, 
this !ilter is particularly suitable for incorporation in the 
older communication receivers such as the AR88, HRO and 
CRIOO,ctc., and it is relatively easy to arrange to switch the 
filter in or out of circuit so that lhe nonnal selectivity can be 
used for a.m. and the filter for s.s.b. or c.w. A circuit suitable 
for most receivers is shown in Fig. JO.JS. 

The nominal centre passband frequency is 455·0 kc/s, but 
because of manufacturing tolerances the actual centre 
frequency may vary plus or minus 0·8 kc/s. For this reason, 
each filter is packed with a data sheet giving the fi lter serial 
number and the measured bandwidth at the Gelb and 60db 
points for the filter concerned. Each bandwidth is given as 
plus or minus X kc/s relative to the design centre frequency 
of 455·0 kc/s-not relative to the actual filter centre fre
quency. To illustrate tl>is more clearly, an example of the 
data sheet issued by the manufacturer is shown in Fig. 10.39. 
It will be noted that the total passband width at the 6db 
point is 3·2 kc/s but that this is quoted as two frequencie;;
each pins or minus relative to 455·0 kc/s :rnd above this is a 
figure (in this case + 0·4 kc/s) indicating that the actual 
passband centre frequency is 455·0 kc/s + 0·4 kc/s = 455·4 
kc/s. At the bottom of the table the bandwidth is given at 
the GOclb points-again as two frequcncics relative to 
455·0 kc/s; these two figures added together give the total 
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passband width at 60db down. The ratio of the total band
width at Gelb to the total bandwidth nt 60db is the shape 
factor of the filter. In this case, it is 5·9/3·2 = I ·9 approxi
mately. 

From the Gdb and 60db frequencies given, the filter pass
band could be plotted on squared paper: however, the graph 
would not be quite correct because in practice the two skirts 
are not straight lines- they are in fact slightly concave. To 
avoid this error the manufacturer also gives the two passband 
frequencies at the 30db points. The procedure then is to get 
a sheet of one tenth of ao inch squared paper and divide this 
vertically at !Oclb per ioch starting from the top at Odb and 
horizontally at I ·0 kc/s per inch arranging that the 455·0 kc/s 
point is in the centre of the graph paper- this is then 
indicated clearly by a dotted centre-line. From the data sheet 
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Fi11. 10.38. Suggested circuit for the use of the Kokusni filter in an 
cxistinr communication receiver to improve tho 1.1.b. selectivity. 
SI ond Sl cAn be switch banks fitted to the existlna 1eloctivity switch 
assembly, and shou ld be of the typo incorporating 1horting plates. 
The shorting plato pole must be earthe d . If th e filter solectivity is 
not to b e do11raded, the two banks must be isolated from each other 
with l\n e arthed cross screen. IFT1 and IFTl a rc stond:ird Maxi·Q 

IFT 11/ 465 i.f. transformers or similar. 
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Fig. 10.39. Exa mpl e of the data sheet p acl<od wit h each Kokusai 
mechanica l filte r. 

the 6db aud 60db figures are plotted, the + (plus) figures to 
the right of the centre-line and the - (minus) figures to the 
left. By reference to the horizontal frequency scale, the two 
30db figures are marked on the graph at the 30db down 
position. The 60db, 30db and 6db points on each side of the 
centre-line arc then joined together with a shallow curve and 
this is the correct passband for the filter. A complete plot of 
the filter characteristics already given is shown in Fig. 10.40. 

In the in terests of acceptable voice quali ty th e filter should 
pass frequencies down to 300 c/s, i.e. 300 c/s should be at the 
6db point. From this it follows that the carrier frequency 
must be 300 c/s away from this position. A verti.cal line is 
therefore drawn on the graph 0·3 kc/s outside the 6db point 
and where this line cuts the passband curve is the correct 
position for the carrier crystal-on the graph shown, this is a 
frequency of 457·3 kc/s. If two carrier crystals are required 
(i.e. sideband switching in a receiver) the second frequency is 
plotted in exactly the same way but at the other side of the 
passbaDd. If the carrier crystal on the lower side of the pass
band is in use, the filter will pass the higher sideband. If the 
carrier crystal on the higher side of the passband is in use, 
the filter will pass the lower sideband. 

Ordering Crystals 

When ordering crystals it should be remembered that every 
crystal can be made to oscilla te on either its series or parallel 
resonant frequency and these are not the same (at frequencies 
around 455 kc/s tbe difference may be 200 c/s or more). It is 
not sufficient to quote only the required frequency; the 
manufacturer must know whether operation is required on 
the parallel or the series resonance, and this must be stated. 
As the parallel resonance is affected by the shunt circuit 
capacity, this capacity should also be stated. (Normally in 
the United Kingdom 30 pF is taken as a preferred standard 
value and the manufacturer will grind the crystal to oscillate 
at parallel resonance at the stated frequency with this 
capacity, unless otherwise instructed.) 

For amateur use it is not necessary lo go into involved 
calculations in an attempt to determine circuit capacity- the 
value o f 30 pF can be quoted a nd is quite near enough in 

SINGLE SIDEBAl'ID TRANSMISSION 

practice. The manufacturer also has to know (i) the type of 
holder, i.e. JOXJ (~ in. pin spacing) or B7G; (ii) frequency 
tolerance (this is normally plus or minus 100 p.p.m. or 0·01 
per cent; (iii) opera.ting temperature range (it would be 
sufficient here to quote " normal room temperature" or 
" amateur equipment "). 

Carrier crystals are normally used in either Pierce, 
Colpitts or Miller oscillator circuits and in all these tbe 
crysta l is exci ted at its fundamental parallel resonant 
frequency. 

300cyclcs 

'- -t -0 ' I 
o• 
"'I 

PASSBAND 
CENTRE FREQ 

I t 
300cyclc s 
-1 t-

I ' 
l..d ;0~4 kc/~ 'I 1d 

'"' I~-~~ a: r-1a: - ,__ 
LL I l -1·2kc/s I + 2·0 kc/s ,u.. 
er I ia: _ 

6 

10 

'!:2 , I 0: I a: 
~/ ,__ 20 
) 

453· 29 I'./ I 
r-- kc/s 

/' i 

(dB) 

30 

I I 
I 

40 
I 

J I 
I 

I I 
I 

I I 
I 

50 

- 2·6kc/s 
J" I I I 60 

4 52 ·" 4 53 454 

I 

I 
i 
I 
I 

I 
I 
! 
I 

! 
! 
I 
! 

I - I~ 

4 55 
(kc/s) 

I 

\ I!!! ,a: 
er -

\' ~ 

~ 

,__ 

Ir 

~457·42 
kc/s -

I 
I 

\ I 

I \ I 

I \ I 
I 

I 
I \ 

+ 3·3kc/s I ,...._\ 
I I I I 

456 4 57 . " 4 58 

Fig. 10.40. Method of plotting the passband cu.-ve for a Ko kusai mech· 
anical filter fro m characteristics given on the data s heet su pplied 
and from t his detcr·minine the re quired carrier crystaJ freque nc:i•s. 

In the case of either m.f. or h.f. sideband filters, the 
crystals operate as coupling elements in the series arms of 
the half-lattice sections; therefore the required crystal is 
specified for operation on the quoted series resonant fre
quency. 

High frequency crystals will also be ordered for use in 
some other part of the equipment and in U1is case the manu
facturer will have to know whether the mode of operation is 
fundamental or overtone. Overtone oscillators always 
operate at series resonance and as this is not affected by 
shunt circuit capacity it is unnecessary to state this. Often, 
final conversion crystals are operated on their overtone to 
avoid generating spurious signals-this applies particularly 
to a double conversion amateur band receiver. The mode of 
operation can be readily identified by reference to the type 
of oscillator circuit- this will be a Butler, Squier or Robert 
Dollar in which the crystal is used as a series coupling of low 
impedance to the required oscillatory r.f. current. 

R emember that in an harmonic oscilla tor- as distinct from 
an overtone oscillator-the crystal oscillates at its f 1111da
menta/ parallel resonant frequency. The harmonic genera·· 
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Fig. 10.41. Block di•grarn of tho third method of generating a s.s.b. signal •. For lower sideband ~ransmission, the nom.inal ~utput froquency 
will be fp + re and for upper sideband transmission. the nominal output will be fc - fp. The nominal output frequency 1tself 1s not a:cncnted. 

tion is obtained by the non-linearity of tbe associated valve, 
the valve output circuit being tuned to resonance at the 
required harmonic frequency. Thls type of oscillator norm
ally uses the Colpitts, Miller or electron-coupled circuit. 

The subject of crystals and crystal oscillator modes of 
operation is dealt with in detail in Chapter 6 (H.F. Trans-
111///ers). 

The Third Method 

In addit ion to the methods already described, details have 
been published or a third method of generating a s.s.b. 
signal. Because it is rather more complicated, insofar as it 
combines the principles of both phasing and filler-type 
equipment, the thi.l'd method bas not attracted much interest 
among amateurs. A brief description is however included 
because the system is said to preserve a higher degree or 
fidelity than a sharp-culling filter, and to give better sideband 
suppression than a straightforward phasing exciter. 

The third method combines the principles of both systems 
in such a way that a wideband audio phase-shift network is 
unncccessary, and although filters are used, their cut-off 
characteristics are oot abrupt enough to detract from speech 
quality. Tbe method is shown diagrammatically in Fig. 10.41. 
The output of a pilot audio frequency oscillator Pis applied 
to a differential phase-shift network, preferably of low Q. 
Tbc two components emerging from the network are adjusted 
to be approximately equal in amplitude, and to differin 
phase by exactly 90°. Oscillator frequency is not particularly 
critical; the system can be made to work at any point from 
1600 c/s to 4·5 kc/s, but as will be seen later there is an 
incidental dividend in remaining within the range 1600-1800 
c/s. The quaclral111·e signals from the first phase-shift network 
PSl are applied to two identical balanced modulators 
DM!a and BMlb. Audio excitation from a conventional 
speech amplifier is fed in parallel to the other inputs of 
BM I a and BM I b. Decausc of the low frequencies involved, 
it is possible to achieve an exceptionally high order of pilot 
carrier attenuation in the balanced modulators, and the 
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output of each will consist of two sidebands at audio 
frequency, Fp + Fm and Fp - Fm. Amplitudes and wave
forms will be identical, but the sidebands from one balanced 
moclu.lator will be 90° out or phase with those from the 
second. The higher-frequency sidebands are elimina ted 
from both channels by a pair of identical low-pass audio 
filters. lf a pilot frequency of 1800 c/s is assumed and a 
minimum modulating frequency of 200 c/s, each filter will be 
required to pass all frequencies up to 1600 c/s, and to auenu
atc rapidly above 1600 c/s, reaching maximum rejection at 
2000 c/s. It is comparatively easy to attain this performance 
with standard tolerance components, and J1igh stability is not 
essential in either the pilot oscillator or the filter itself . The 
phase shirt networl< PSl is the only part of the circuit calling 
for precision adjustment, but a simple differential arrange
ment wi ll lake care of more drift than is likely to be met in 
any practical pilot carrier oscillator. 

The quadrature audio signals issuing from Fl and F2 arc 
applied to a further pair of balanced modulators, where they 
modulate quadrature r.f. carriers from PSl exactly as in a 
conventional phasing transmitter. The r.f. excita tion may 
be at the desired output frequency, or ifmuJtiband operation 
is contemplated, at a neutral frequency convenient for 
helerodyning into the required bands. When the double 
sideband signals from the two balanced modulators are 
combined in an additive tank circuit, the wanted components 
reinforce one another, and the unwanted sideband balances 
itself out lo an extent which depends upon the accuracy oC 
the two 90° networks PSl and PS2. It is claimed that 
attenuation exceeding 40db is achievable. 

The main advantage ofusiL1g as low an audio frequency as 
possible for the pilot carrier lies in the resulting simpli.fication 
or the low-pass filter design. In the numerical example 
quoted, the response of the filler is required to change from 
zero lo full attenuation in the 400 cycles between 1600 and 
2000 c/s; that is, in 25 per cent of the highest frequency to be 
passed. Had 3600 c/s been chosen as the pilot frequency, the 
slope of the filter response curve would have to be twice as 



steep in proportion if the same performance were to be 
maintained. This would naturally call for more sophisticated 
filter design. An incidental advantage of a low pilot fre
quency stems from the fact that the modulating spectrum 
becomes "folded " upon itself for all audio frequencies 
exceeding that of the pilot oscil lator. In the earlier numerical 
example, a tone of JOOO c/s would beat with the pilot carrier 
to give a difference frequency of 800 c/s. If, however, the 
audio tone were 2600 c/s, the difference frequency would also 
be 800 c/s, but the phase would be altered by 180°. Taking 
the system as a whole, it follows that imperfect sideband 
suppression manifests itself as inverted speech superimposed 
upon the wanted sideband and not as adjacent channel 
interference. The advocates of the third method claim 
that the listener's car can d iscriminate more readily against 
this type of imperfection than against the type of interference 
caused by poor suppression in a conventional s.s.b. trans
mitter. T he val idi ty of this argument is open to question, 
because many amateurs now use highly selective receivers 

FILO f CARRI E I\ 

(oi l ~ 
0 2~00 (>)., i ~ 
o 1600 I zooo 5200 

(' I lil.____._I _______ _ 
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I fc 
I 
I 

~ 
(Jc - 1600) I {f c - 1600) 
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Fig. 10.41. Frequency rela tionship in a t hi rd method t ransm itter: 
(a) a .f. inpu t 1pec trum to BM ta a nd BMt b ; ( b) a.r. o utput from 
BM ta a nd BM t b for a pilot carrier fre que ncy of (800 c/s. N ote how 
t he low er sideband 11 folded; (c) a.f. o utput from lowpa11 filters Fl 
and Fl; (d) r.f. out put from upper modulato r cha in to Fig. 10.40; 
(e) r .f. ou tput fro m lower modulator chain in Fig. 10.40 ; (f) Sinele 
sideband fro m additive t a nk circuit in which (d ) a nd (e) are com· 
b in ed. By rcversinr the phase shift of the outpu t from ei ther BM2a 
or BMlb . uppe r or lower s ideband transm issio n may be selected 
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Fi1. t0.43. Simplest form of frequenc;y convert e r u1in1 a pent a1rid 
valve. The tu ned circuits should resonate at the a p propria te input 

and output frequencies . 

capable of rejecting image-type interference. Selectivity at 
the receiving end affords no improvement to a poor third 
method transmission. There is however some rough justice 
in the fact that a badly adjusted third method transmitter 
causes more irritation to its owner than to the occupants of 
adjacent channels, while the reverse is usually true of a poor 
transmitter of more conventional design. 

A fuller explanation of audio spectrum folding would 
require mathematical treatment beyond the scope of this 
Handbook. The description in the preceding paragraph in 
conjunction with the diagrams of Fig.10.42 should, however, 
show in broad outline how the system operates. Readers 
who desire a deeper understaudi1lg of the third method are 
referred to the excellent article by D. K. Weaver in the 
Proceedings of the l .R.E. for December 1956. 

A third method transmission is received in exactly the 
same way as s.s.b. generated by either of the more common 
systems. As will be seen from Fig. 10.42, the carrier insertion 
oscillator will have to be offset from the nominal frequency 
of transmission by an amount equal to the frequency of the 
pilot audio oscillator. The receiving operator will not, 
however, be conscious of this fact. Imperfect carrier 
suppression will show up, not as a steady heterodyne against 
which tbc carrier insertion oscillator may be zeroed, but as an 
audio tone at the frequency of the pilot carrier in the trans
mitter. 

FREQUENCY CONVERSIO N 
MultibaDd operation of an s.s.b. transmitter normally 

involves the generation oftbe signal at a fixed frequency, and 
the provision of one or more heterodyne converters to en
able output to be obtained in the required amateur bands. 

The pentagrid valve, of which the 6BE6 is representative, 
is probably the best known type of frequency converter. T he 
circuit of Fig. 10.43 is typical, and may be used either to raise 
tbe output from a filter in the i.f. range to the 80m band, o r to 
change the transmitter frequency from one band to another. 
For linearity, the oscillator excitation to grid J should be 
close to 2·5 volts r.m.s. and the s.s.b. signal at grid 3 should 
not be allowed to exceed 0· 1 volt r.m.s. a t peak input. Should 
the s.s.b. output of the preceding stage exceed this value, a 
voltage divider should be interposed to reduce the exci tation 
to the recommended level. The excitation could of course 
be reduced by turning down the audio gain but this would 

10.21 



RSGB-RADIO COMMUNICATION HANDBOOK 

ECCSI 
12AT7 
ECC82 
12AU7 
ECC85 
6A08 

sse 
INPUT 

4 ·71< 

HT 
..--~..---------l~ 2SOV 

_____ ;u5i:uT 

IOOpF 

~---I----<> 
HETERODYNING 
EXCITATION IN 

Fig. 10.4~. "Sin1le·~ndcdn double triode frequency convert.e r. The 
tuned circuits should ruonate at the appropriate frequene:ie.s. 

impair the ratio of sideband signal to resting carrier and 
nullify the good work done by tbe balanced modulator. Jt is 
a sound principle of s.s.b. transmission that. the audio gain 
control should be used solely to secure optimum operating 
conditions for the balanced modulator, and that the excita
tion or the converter or amplifier stages should be adjusted 
after the single sideband has been generated. 

Apart from the low level of output, the only serious 
shortcoming of the simple pentagrid converter lies in its 
inability to discriminate against the unwanted energy from 
the hcterodyning oscillator if tbe s.s.b. signal is to be raised 
in frequency by a ratio of more than five or six to one. T he 
following numerical example will make the reason clear. 
Assuming that the output of a 460 kc/s crystal fi lter is to be 
converted to 3760 kc/s, the heterodyning oscillator will 
operate at 3300 kc/s. A single tuned anode circuit of good 
quality (high Q) adjusted precisely to 3760 kc/s, wi ll present 
roughly 25 times the impedance to the wanted s.s.b. signal 
as it wi ll to the steady off-tw1e osci llator signal. The oscil
lator input voltage will, however, have been adjusted to at 
least 25 times the amplitude of the peak s.s.b. input, so 
despite the selective effect of the output tank circuit , the 
steady oscillator voltage across it will be just about the same 
as the peak s.s.b. voltage. Subsequent amplifier stages will, 
of course, afford further discrimination against the oscillator 
signal, but if the tuned circuits are wide-band or swamped in 
the interests of linearity, enough energy may leak through to 
produce an appreciable spurious signal outside the amateur 
bands. For conversion ratios exceeding three lo one, it is 
desirable to employ a critically coupled pair of really high Q 
h111cd windings in the anode circuit. 

sse 
IN 

10.22 

ECC81, ECC82 
ECC85, 12AT7 
12AU7, 6A08 

With appropriate changes to circuit values, any receiving 
type frequency converter may be substituted for the penta
grid in Fig. J0.43. If the oscilla tor is crystal controlled, a 
valve envelope may be saved by using the triode section of a 
triode-hexode as oscillator, but it may prove difficult to 
adjust tbe excitation to the precise value for maximum 
linearity. A self-excited oscillator should preferably be 
isolated from the frequency converter by a buffer stage, 
otherwise pulling and frequency modulation may be ex
perienced. 

Although multi-clement valves are convenient and 
efficient, comparable results may be obtained with double 
triodes such as the l2AU7, 12AT7 and ECC85. A repre
sentative circuit is shown in Fig. 10.44. It may be operated 
at tbe same voltage levels as those recommended for the 
6BE6 and bas the same shortcomings. 

When the conversion ratio exceeds three to one, many 
designers prefer to attenuate the osci llator voltage in the 
mixer output circui t by a system of phasing or balancing. 
The principle is identical to tha t of carrier elimination by 
balanced modulator. The classical balanced frequency 
converter circuit, widely used in s.s.b. equipment, is shown 
in Fig. 10.45. This is capable of attenuating the osci llator 
output by 20- 25db. Excitation may be aoy value between 
2·5 and 10 volts r.m.s., depending on the ampli tude of s.s.b. 
signal th e converter valve is requi red to handle. 

Balancing is affected by adjustment to the cathode 
potentiometer with oscillator drive but no sideband input, 
until the heterodyning voltage in the output circuit is at its 
lowest value. This may be convenienlly measured either 
with a pick-up loop to an absorption wavemeter or a valve 
voltmeter or osci lloscope probe. The capacitors C l and C2 
in the grid circuit should be silver mica of 1 per cent toler
ance, each of equal value to provide an accurate centre-tap, 
and with an effec tive value that will correctly resonate the 
tuned circuit. T his also applies to C3 and C4 in the anode 
circltit. 

Where multiband operation is contemplated from the 
outset, it is sound practice to design the transmitter so that 
frequency conversion may be effected at low level by one or 
other of the arrangements described above. It sometimes 
happens, however, that the output of an existing exciter, 
capable of delivering severa.I watts of power in one band 
only, has to be hcterodyned to a differen t band. In this case, 
receiving-type valves arc out of the question, and conversion 
has to be effected by small transmitting tetrodes or pentodes. 
The most satisfactory of the many possible circuit con
figurations is that shown in Fig. 10.46. 

HT+ 

sse 
OUT 

Fig. t0.45. Double·triode balanced 
freque ncy converter. 



Fig. 10.46. Practical circuit suit· 
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It is the usual practice in s.s.b. transmitting equipment to 
generate the initial single sideband signal at a fixed frequency 
and translate this signal to the required operating frequency 
by one or more frequency changing processes. The sideband 
signal F2 is used to modulate a high frequency carrier Fl, 
whose frequency is chosen so that either the upper or the 
lower sideband of the mixing process is oo the desired 
operating frequency. As a result of this modulation process, 
the sideband signal will be translated to a new frequency 
that is either the sum of the carrier and sideband frequencies 
Fl + F2 or the difference between the carrier and the side
band frequency Fl - F2. Of further importance is the fact 
that if the lower sideband of the mixing process is selected, 
an inversion of the sideband occurs-an upper sideband 
signal will be converted to a lower sideband signal. 

The two essentinl components of the translation system are 
the modulator (commonly called mixer) and the carrier 
(commonly called oscillator, injection, or heterodyne signal). 
In order to provide a mixer output waveform that is iil linear 
relationship to the s.s.b. input waveform, it is necessary to 
make the amplitude of the t)scillator injection several times 
greater than the amplitude of the sideband input. A practical 
figure generally used is an oscillat'or injection voltage ten 
times ( + 20db) greater than the maximum signal input. 

If two frequencies F.I and F2 arc fed into a mixer it is 
important to remember that the mixer output will contain 
not only the wanted Fl + F2 or Fl - F2, but additional 
frequencies composed of the following : 

Furufa- S econd Third Fourth Fifth 
mental Order Order Order Order 
Fl Fl ± F2 2Fl ± F2 JFI ± F2 4Fl ± F2 

2FI 2F2 ± Fl 3F2 ± Fl 4F2 ± Fl 
F2 2F2 JFI 2FJ ± 2F2 JFJ ± 2F2 

3F2 4Fl 3F2 ± 2Fl 
4F2 5FJ 

SINGLE SIDEBAND TRANSMISSION 

APC 

47!l. 

APC 

HT+ 150 or ---o 2oov 
REGUL ATED 

F~-~-- ---=i--0 

IP2 W 5 BANK 
YAXLEY CERAMIC 

SSS OUTPUT 
7 Mc/s or 
14·3 Mc/s 

l·SmH 
RFC 

400 to 
soo v 

Assmning the inputs were Fl = 3000 kc/s and F2 = 
500 kc/s the mixer output would have these frequencies: 
Funda- Second Third Fourth Fifth 
mental Order Order Order Order 

3,500 6,500 9,500 12,500 
3,000 2,500 5,500 8,500 I 1,500 

6,000 4,000 4,500 5,000 
500 1,000 2,000 1,500 1,000 

9,000 7,000 10,000 
1,500 5,000 8,000 

12,000 7,500 
2,000 4,500 

(Wanted output Fo - 3,500 kc/s) 

15,000 
2,500 

From these figmes it is clearly seen that a train of frequen
cies has been generated, with u separation equal to F2 (the 
lowest input freq.). 

The response or selectivity curve of an average tuned 
circuit of the kind likely to be used is shown in 11'ig. 10.47. 
The two frequencies most ditncult to eliminate wi ll be the 
two either side oft he wanted output Fo of 3500 kc/s. These 
are the strong Fl hcterodyning input of 3000 kc/s and the 
th ird order product (2F2 + Fl) of 4000 kc/s. The curve 
shown is actually that of the 80m coil in position in a s.s.b. 
transmitter. The Q of the circuit can be determined from 
h f ul Fo ce111re freq111mcy 

t e orm a Fh - Fl = bandwidth at Jdb potnts 
In this particular case thi s gives the value of Q = 35. 

The response has been plotted with the coil and the associated 
capacitor in place on the chassis, and is afl'cctcd by the shw1t 
loading of the valve, the shunt h.t. feed and the following 
grid input resistance. It is considered to be more sensible 
to evaluate the function of the tuned circuit under actual 
operating conditions, rather than to consider the unloaded 
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Fig. 10.47. Resonance curve for an 80 metre coil . 
Fo - 3·5 mc/1. 

Frequency it 

Q measured on a Q meter. The response shown is believed 
to be a fair average of tests taken on representative coils and 
at different frequencies. • 

The two frequencies it is desired to eliminate are 500 kc/s 
removed. Plotting the 500 kc/s points on the response curve 
gives an attenuation of 20db and it is noted that the ratio 
Fo : F2 is 7 : I. A tuned ci rcui t with equal Q value, resonant 
at 7 Mc/s would have the same response curve and is shown 
in Fig. J0.47 by doubl ing the frequency scale. However, 
500 kc/s olT tune is now a ratio of 14 : I and the attenuation 
has dropped to 14db. If the circuit were resonant at J ·75 
Mc/s, 500 kc/s olT tune would be a ratio of 3·5 ; l and the 
attenuation would have increased to 25db. 

It is therefore clear that the lower the ratio Fo : F2 the 
better the attenuation from the tuned circuit. If two tuned 
circuits are used, coupled to give the highest possible selec
tivity, the total attenuation is twice that of a single tuned 
circuit and in this case would be 20 x 2 = 40db. 

Looked at the other way round it can be seen that if an 
attenuation of 40db is required from two coupled tuned 
circuits in the mixer anode, the ratio of the lowest input 
frequency (F2) to the required output frequency (Fo) should 
not exceed a ratio of 7 : I. 

It is good design practice to aim for adequate suppression 
of all spurious conversion products and 60db should be 
looked upon as a desirable target. With the usual initial 
s.s.b. generation on 455 kc/s, a ratio of 7 : 1 sets the upper 
limit for Fo of 455 x 7 = 3185 kc/s. It is possible to go to a 
ratio of 8 : l (i.e. direct from 455 kc/s into the 80m band; or 
direct from BOm to J Om) but it is safer and results in a cleaner 
output to keep within the ra tio of 7 : I. In practice coupling 
is often tightened beyond the "critical coupling" point to 
prevent too much loss of gain, and this would reduce the 
available attenuation to a slightly lower value than 40db. 
This loss of attenuation could be offset by making the limit 
for the multiplying ratio 6 : I. To sum up: 

(i) In the interests of constructional simplicity it is desirable 
to keep the number of tuned circuits at the mixer output 
to two. 

(ii) Assuming two coupled tuned circuits and normal Q 
values, the multiplying ratio of the frequency trans· 
lat ion process should wherever possible not exceed 6 : 1. 

(iii) A lower value than 6 : I will give greater attenuation of 
the unwanted products and therefore a cleaner output. 
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(iv) The lower multiplying ratio ciui be obtained either by 
increasing F2 (the s.s.b. input), or reducing Fo (the 
wanted s.s.b. output); or a combination of both. 

Spurious Product Amplitude 

In order to show how undesired frequencies are generated 
in a mixer stage, it is necessary to consider the case where 
oscillator and signal voltages arc applied to the same grid 
of the mixer valve. The wanted sum or difference frequencies 
can only be generated if the anode current, grid voltage 
characteristics have some non-linearity or curvature. The 
components of the anode current will be the d.c.; signal; 
oscillator; signal second, third, fourth, firth ... harmonics; 
oscillator second, third, fourth, fifth ... harmonics; and 
the sum and differences of the signal and oscillator. 

To obtain the desired sum or diITcrcncc product it would 
be necessary to use a valve in which the characteristic curve 
had only second order curvature. Unfortunately, all practical 
valves have characteristic curves having higher order curva
ture and this contributes addi tional unwanted frequency 
components into the output current. Sometimes the fre
quency of these unwanted components is sufficiently removed 
from the desired output frectucncy and they are easily filtered 
out, but often these frequencies arc very near to the desired 
signal frequency and they will fall within the passband of the 
selective filter used in the mixer output circuit. T he amplitude 
or strength of these undesired mixer products varies with 
valve type, and even with valve to valve of the same type. 
It is also critically dependent on the amplitude of the signal 
input, the bias point, and the amplitude of oscillator injection. 
It is therefore not surprising that valve manufacturers have 
not been particularly successful in designing valves having 
the desired second order curvature to the exclusion of any 
higher order curvature. In practice, the circuit designer must 
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Fig. 10.48. Calculated frequency products c.ont:ained in the anode 
current of a 12AU7 triode mixer. 
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(Reproduced, by permission, from the 2nd Edition of "fundamentals of Single Sideband" (published by Collins Rodlo Company, U.S.A.) 
where the subject is u eoted in greater detail.) 
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select his mixer valves by means of a series of experiments 
in which the amplitudes of these undesired mixer products 
are measured. A representative calculated determination 
of mixer product amplitude is shown iu Fig. 10.48. 

Consideration of this chart shows that there are several 
undesired products that arc greater in amplitude than the 
desired signal and a considerable number that are weaker 
than the desired signal. or further interest is the fact that 
as the product order increases, its amplitude decreases. 

Avoiding Spurious Mixer Products 
It is possible by an intelligent choice of the signal and 

oscillator frequencies to minimize the presence of undesired 
mixer products within the passband of the output circuits 
of the frequency translation system. The problem of fre
quency selection is relatively simple where the operating 
frequencies arc fixed, but becomes increasingly complex 
where the operating frequency must be varied. Io an attempt 
to simpli fy the problem, circuit designers make use of charts 
in which the frequency or the spurious mixer products is 
plotted with respect to tho signal and oscillator frequencies. 
This type of chart is shown in Fig. 10.49. 

As an example of the spurious product problem, consider 
the case of a s.s.b. transmitter for operation on the 80, 40 
and 20m bands. The s.s.b. signal has been generated at 
455 kc/s using a mechanical or crystal filter. Coverage of 
the lowest frequency band 3·5 to 4 Mc/s can be obtained by 
mixing the s.s.b. signal with the output from a v.f.o. tunable 
from 3·955 to 4·455 Mc/s. As the required output is the low 
sideband of the translation process (i.e. the heterodyning 
frequency is higher than the wanted 80m output) there will 
be a sideband inversion. In order to give a low sideband 
signal in the 80m band, this means that the mechanical filter 
must be arranged to provide a high sideband output. It bas 
become an accepted convention adhered to by all s.s.b. 
stations, to transmit low sideband below 10 Mc/sand high 
sideband above 10 Mc/s as a result of a CCIR (International 
Radio Consullativc Committee) reconuneodation. 

The strong oscil lator signal is, only 455 kc/s 
removed from the wanted output frequency and must be 
filtered out by the following tuned circuits or else balanced 
out through the use of a balanced mixer. As the mixer cannot 
be expected to retain an accurate balance over a 500 kc/s 
tuning range, it is necessary to resort to a combination of 
both methods to obtain suppression of this spurious frequency 
of at least 60db. At the higher operating frequencies required 
for the other amateur bands, it becomes increasingly difficult 
to suppress this product because the selectivity required in 
the tuned circuits is so higb as to become impracticable. 
This difficulty can be overcome by using a second stage of 
frequency conversion. 

T he output from the first mixer at 3·5 to 4 Mc/sis mixed 
with the output from a crystal oscillator. This could be on 
3·5 Mc/s, giving a tunable output of 7 to 7·5 Mc/s for the 
40m band; however, the second harmonic of the crystaJ will 
give a crosso\'cr with the wanted 7 Mc/s output signal and 
in practice this would be avoided by using a lower frequency 
crystal-say 3·3 Mc/s. Even with this choice of frequency, 
the second harmonic of the crystal at 6·6 Mc/s is only 400 
kc/s removed from the low-frequency end or the wanted 
output. The 7·4 Mc/s second harmonic of the input signal 
(3·7 to 3·8 Mc/s to give a band coverage of 7 to 7·1 Mc/s) 
is only 400 kc/s on the other side of the wanted output 
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frequency. A very high order of selectivity would be reqwred 
to reduce these spurious signals to a satisfactory level. In 
practice the designer would overcome this problem by placing 
the heterodyning frequency on the high side of the wanted 
output frequency by using a crystal of 11 Mc/s. The side
band input of 3·5 to 4 Mc/s modulating the 11 Mc/s carrier 
would produce a difference frequency output over the range 
7·5 to 7 Mc/s. Unfortunately this would also produce a 
reverse dial calibration and would also invert the sideband; 
i.e. the transmitter would be radiating a high sideband signal. 
The sideband could be corrected by switching carrier crystals 
at the filter, but the reverse dial calibration would have to 
be accepted. It will be noted from the chart of Fig. 10.49 that 
there is a second order crossover at 3·67 Mc/s; this is shown 
in greater detail by the graph of Fig. 10.SO. Because the 
40m band only extends from 7 to 7-1 Mc/s the s.s.b. input 
(F2) will never be required below 3·9 Mc/sand the crossover 
may be safely ignored. 
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Fig. 10.50. Graph sh owing tha second order c rossover at 7.34 Mc/s 
when a b:uic J·S to 4·0 Mc/1 s.1.b. sig nal is hotorodynod by an 11 Mc/s 

crystal to give a diffe rence rrequoncy output in the 40 m band. 

As the 80m output from the first mixing process is a low 
sideband signal, and it is the conve11tion to transmit the high 
sideband on the lhrce higher frequency amateur bands, 
the heterodyning frequency for 14 Mc/s will have to be 
higher than the required output frequency, i.e. the second 
translation process will invert the sideband, thus giving high 
sideband output from a low sideband modulating signal. A 
suitable conversion frequency for 20m would be 18 Mc/s. 
Inspection of the chart in Fig. 10.49 wi ll show that there is a 
fourth order spurious when the signal input to the mixer 
(F2) is near to 3·5 Mc/s. The band, however, ouly extends 
from 14 to 14·350 Mc/s and this will be given by an input 
signal of 4 to 3.65 Mc/s. and the tuning range 3·65 down to 
3·5 Mc/s will not need to be used. 

There is an obvious temptation to include tl1e l 60m band. 
Where the basic exci ter has a 500 kc/s coverage from 3·5 to 
4 Mc/s many amateurs have attempted to get 160m s.s.b. 
output by heterodyning with some convenient crystal in the 



easily obtainable FT243 range of surplus crystals. Remem
bering the l60m band has a bandwidth of 200 kc/s from 
l ·8 to 2 Mc/s, consideration of the factors involved will 
show that the lowest frequency that can be used for hetero
dyning is 5·5 Mc/sand the highest is 5·8 Mc/s. Unfortwiately 
the mixing process will produce the second harmonic of the 
80m s.s.b. output and this will also be heterodyned by the 
crystal oscillator to produce a spurious distorted signal. 
(This is the third order difference product 2F2 - Fl.) When 
the v. f. o. is altered this spurious signal changes frequency at 
twice the rate of the wanted signal and in the opposite 
direction. Table 10.2 has been compiled to show this clearly. 

Many existing exciters are peaked to give maximum output 
at the h.f. end of the 80m band and the logical choice of 
heterodyning crystal would be 5·65 or 5· 7 Mc/s. Under these 
conditions the spurious output is either on or very close to 
the wanted outpui. If any adjustment is made to the main 

TABLE 10.2 

Basic 80m Second Heterodyn-h;armonic 160m output s.s. b. out- of basic 80m ing crystal 
put s.s. b. output frequency W anted Spurious 

3·5 Mc/s 7·0 Mc/s 5·5 Mc/s 2·0 Mc/s I ·S Mc/s 
3·6 Mc/s 7·2 Mc/s 5·5 Mc/s 1·9 Mc/s I ·7 Mc/s 
3·7 Mc/s 7·• Mc/s 5·5 Mc/s 1·8 Mc/s I ·9 Mc/s 

3·6 Mc/s 7·2 Mc/s 5·6 Mc/s 2·0 Mc/s 1·6 Mc/s 
3·7 Mc/s 7·4 Mc/s 5·6 Mc/s 1·9 Mc/s 1·8 Mc/s 
3·8 Mc/s 7·6 Mc/s 5·6 Mc/s 1·8 Mc/s 2·0 Mc/s 

3·7 Mc/s 7·• Mc/s 5·7 Mc/s 2·0 Mc/s 1·7 Mc/s 
3·8 Mc/s 7·6 Mc/s 5 ·7 Mc/s 1·9 Meis 1·9 Mc/s 
3·9 Mc/• 7·8 Mc/s 5·7 Mc/s 1·8 Mc/s 2·1 Mc/s 

3·8 Mc/s 7·6 Mc/s 5·8 Mc/s 2·0 Mc/s 1·8 Mc/s 
3·9 Mc/s 1·8 Mc/s 5·8 Mc/s 1·9 Mc/s 2·0 Mc/s 
4·0 Mc/s 8·0 Mc/s 5·8 Mc/s 1·8 Mc/s 2·2 Mc/s 

tuning, either initially to find a clear channel or to avoid 
interference, the spurious output will move twice as fast and 
in the opposite direction. While it is appreciated that this 
output will not be as strong as the wanted one, it will most 
certainly be radiated by the aerial with sufficient strength to 
cause interrcrcnce to stat ions in a wide area. It can at certain 
settings of the main tuning actually be on the want'cd output 
frequency and put severe distortion on the transmitter signal. 

It is clear rrom lhe examples shown that the design of a 
multi-band excller is by no means a simple problem if 
spurious outputs arc to be avoided-the correct choice or 
operating rrcquencies used in each of the frequency trans
lation processes is of major importance. With a one or two 
band exciter the problem is relatively simple. As the require
ment for multi-band operation increases- particularly if this 
is a six band coverage from 160 to !Om- the difficulties 
become more complex and can only be satisfactorily solved 
by an additional stage of frequency conversion together with 
the initial tunable s.s.b. output on a neutral frequency 
outside the wanted amateur bands. In general spurious 
product orders above five can be ignored because the level 
of a sixth, seventh, eighth or ninth order spurious signal 
should be sufficiently low to have no nuisance value, provided 
that the mixer valve is being operated well within its signal 
handling capabilities and with the optimum level or hetero
dyne injection voltage. 

Sll~GLE SIDEBAND TRANSMISSION 
Heterodyning Oscillator Requirements 

From any s.s.b. transmitter the frequency stability of the 
output signal is dependent on the frequency stability of the 
heterodyning inputs to the frequency changer valves. The 
total frequency error is the arithmetic of the errors in all these 
oscillators. For the purpose of amateur requirements the 
crystal oscillator can be considered stable; the stability of 
the trammitted signal will then be directly dependent on 
the stability of the variable LC oscillator, the v.f.o. 

lt is conunon practice on the s.s.b. bands for a number of 
stations to operate in a " net " (all stutions accurately tuned 
to the same carrier frequency) and carry on a quick " back
wards and forwards " normal type of conversation. Under 
these conditions it is most important that all stations remain 
accurately on frequency with negligible dri ft. With a 
transmitter that is moving off channel because of frequency 
drift in the v.f.o. speech can no longer be demodulated 
correctly at the receiver. Quite obviously v.f.o. stability is 
highly valued by s.s.b. workers. Ever since amatetir sideband 
commenced, thousands of experimenters and enthusiasts have 
been searching for that very elusive object, the driftless v.f.o. 

In regard to v.f.o. stability it should be clearly understood 
that, notwithstanding the many claims that have been made 
by the authors of variotL~ " ult imate" circui lS published in 
the past, there is no such thing as a driftlcss LC oscillator. 
A quartz crystal has a high degree of frequency stability 
because quartz is a material with a low temperature co
efficient . Replacing the crystal by building an equivalent 
series tuned circuit using L and C-as for instance in t he 
so-called Clapp v.f.o.-does not give the same standard of 
stability as a crysta l, since it is not possible to manufacture 
standard coils and variable capacitors with the temperature 
co-eRkienl of natural quartz. 

Certain circuits such as the Tesla/Vackar and the Clapp 
use large values of fixed swamping capacity across the 
oscillator valve and claim that thi.s reduces the effect of 
changing valve input capacity during initial warm-up. An 
LC oscillator that drifted 2 or 3 kc/s during the first 10 or 
15 minutes and was thereafter rock stable, would, however, 
be very acceptable to almost everyone- no amateur would 
mind switching on and waiting 15 minutes before he intended 
to t ransmit. In practice the major annoyance is the long 
term drift taking place continually over the transmitting 
period of a couple of hours or so. This slow drift is caused 
by the changing temperature of the two components that 
make up the frequency delerminiJ1g resonant ci rcuit, the L 
and the C. Aside from the temperature rise of the a ir in the 
cabinet and the air in the transmitting room, a considerable 
amount of heat from the valves- though the valveholders, 
the screening cans and skirts-warms up the chassis and this 
in tum warms up the v.f.o. tank coil and tuning capacitor. 

Stability can be materially improved- not by a change to 
some "ultimate" circuit-but by re-building the v.f.o. so 
that the coil and tuning capacitor and associated components 
are built as a self-contained unit mounted on a sub-platform 
made of some poor beat conducting material such as poly
styrene or Perspex. The "tuning unit" is then enclosed in 
a heat insulating " box " made from cellular polythene sheet 
t in. or so in thickness. The v.f.o. valve or valves are left 
in their original positions on the main chassis. As the object 
is to isolate the tank ci(cuit elements from conducted heat, 
the variable capacitor shaft is coupled to the dial drive 
mechanism by a poor heat conducting nexible coupler such 
as the Eddystone Type 529 or Type 50. 
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That there is no simple solution to the problem of v.f.o. 
stability is born out by the fact that a number of the leading 
world communication equipment manufacturers have spent 
a considerable amount of time and effort in developing 
phase-locked or crystal synthesizer variable master oscillators 
and that these are now being supplied not only to the 
commercial market but to the amateur market as well. 

The requirement for a home constructed amateur v. f.o. 
are: 

(i) constant amplitude of output voltage over a 500 kc/s 
tuning range; 

(ii) low harmonic output; 
(iii) " simple" circuitry using standard components and 

valves; 
(iv) after an initial warm-up period of 10 to J 5 minutes 

frequency drift not to exceed 10 parts per million (10 
cycles per Mc/s) per hour. 

With reasonable care in construction and some experi
mental work to determine the required value of negative 
temperature co-efficient capacitor compensation, these para
meters can be met with the standard Colpitts tunable oscil
lator shown in the circuit diagram of Fig. 10.101 and that of 
Fig. 10.103. 
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Fir. 10.51. Cius A op• ration or a valve (dynamic characteristics). 

THEORY OF LINEAR AMPLIFICATION 

All the exciters described in this chapter are capable of 
driving a high power linear amplifier. Much effort will have 
gone into the construction and adjustment of an exciter 
capable of an acceptable degree of carrier and sideband 
attenuation, so care must be taken to ensure that subsequent 
amplifier stages clo not degrade the overall performance or 
the transmitter by introducing avoidable distortion. This 
makes it essential to operate all s.s.b. ampli fiers under 
strictly linear conditions. 

R.F. Linear Power Amplifiers 
The function of the power amplifier in a s.s.b. transmitter 

is to raise the power level of the input signal without change, 
so tJ1at the envelope of the output signal is a faithful replica 
of the envelope of the input signal. 
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Fig. 10.Sl. Clan B operation (dynamic characteristks). 

Radio frequency amplifiers are classified A, B, and C 
according to the angle of anode current flow- the number 
of degrees the anode current flows during the 360° r.f. cycle. 
The class A amplifier has a continuous anode current flow 
and operates over a small portion of the anode current range 
of the valve. This amplifier is used for amplification of 
small signals where low distortion is required. Its efficiency 
in converting d.c. anode power input into r.f. power output 
is low, of the order of 30 per cent, but this is not of great 
importance where small signals are concerned (sec Fig. 
10.51.) 

Class B amplifiers are biased to near anode cut-off so that 
anode current flows for approximately 180° of the r.f. cycle. 
Amplifiers operating with more than 180° of anode current 
flow, but less tban 360°, are called class AB amplifiers. 
Both class AB and class B amplifiers are used in high power 
linear amplifiers stages to obtain higher efficiency and 
maximum output power with low distortion. The amplifier 
efficiency depends on the operating condition selected and 
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the type of valve used and is usually of the order of 50 to 
66 per cent (see Fig. 10.52). 

Class C amplifiers are biased well beyond cut-off so that 
anode current flows for less than 180° of the r.f. cycle. The 
principal advantage of this mode of operation is high anode 
efficiency (of the order of 65-80 per cent); however, the 
class C amplifier is not suitable for s.s.b. use because the 
amplifier is not linear and it will not respond to low level 
input signals (see Fig. 10.53). The amplifier class can be 
followed by a number to indicate whether or not the valve is 
operated in the positive grid region over part of the r.f. 
cycle. Class ABl indicates that the grid never goes positive 
and that no grid current is drawn; class AB2 indicates that 
the grid goes positive aod that grid current is drawn. Class A 
amplifiers arc nearly always operated without grid current 
and class C amplifiers arc nearly always operated with grid 
current. It is therefore normal practice to refer to these as 
class A or class C without the necessity for further designa
tion. 

Choice of Valve 

There is a wide choice of triode valves suitable for power 
amplifiers and these have the aclv:mtage of simplicity and low 
cost. Generally, they require a large amount of driving 
power and because of the considerable grid-to-anode capacity 
the valve must be carefully neutralized. The amplification 

Fir. 10.54. Grid driven anode neutralized "mplifier. 

factor of triode valves suitable for amateur s.s.b. application 
is generally between five for low mu triodes and 75 or more 
for high mu triodes. Usually only the low and medium mu 
valves arc suitable for the requirements of power amplifiers 
and it is therefore necessary to provide a large grid swing to 
obtain the power amplification available from the valve. 

With the tetrode valve the screen grid is an electrostatic 
shield between the grid and the anode lUld this reduces the 
grid anode capacity to about one hundredth of that of the 
triode. It is still necessary to provide neutralization because 
of the higher amplification of the tetrode valve but the small 
value of feedback eases the neutralization problem. Because 
of the higher gain available, the valve requires a relatively 
low drive to obtain a high power output. 

Pentodc constructfon is also available in power amplifier 
valves and these give improved efficiency because the r.f. 
anode swing can be increased. Tbe pentodc, however, is 
more complex and expensive than the tetrode and in some 
cases requires additional supply voltage for Ute suppressor 
grid. These disadvantages have limited the development of 
peotodc power valves and at present the pentode has little 
advantage over the well-designed tetrode. 

SINGLE SIDEBAND TRANSl\1lSSION 

Fig. 10..S.S. Grid driven arid neutrali:z.•d amplifier. For ncutrali:u .. 
ti on, Cgp/Cck - Cn/C. C may be any convenient valuo between 250 

and SOOpF. 

For linear power amplifier operation the following features 
are desirable: 

(i) high gain; 
(ii) good efficiency; 

(iii) low grid to anode capacity; 
(iv) lioear cha ractcristics at all frequencies within tbe 

desired operating range. 

When a valve is opernting in class A the degree of Jiucarity 
is quite bigh but the efficiency is low- of the order of 25-30 
per cent. By operating class ABl the principal advantages of 
class A operation arc retained while the efficiency is raised to 
between SO and 65 per cent. 

If operation is further advanced into the class AB2 region, 
the efficiency is improved only slightly, but ru1y gain in this 
direction is more than offset by the more stringent require
ments imposed upon the driver stage brought about by 
variation in driver loading as the amplifier is driven into the 
positive region. This can, and often does, result in a com
pression of the modulation peaks and non-linearity unless 
the driver is capable of providing the increased loading. 
Usually, in order to maintain driver regulation in class AB2 
linear amplifier operation, a relatively large percentage of 
the driver output is dissipated in a swamping resistor so 
that when the grid is driven positive the relative increase in 
driver loading is small. After careful consideration of these 
factors one finds that class ABl operation has much to offer. 

Operating Methods 
There are four basic methods of operating a linear ampli-

fier as follows: 
(i) Grid driven-anode neutralized; 
(ii) Grid driven-grid neutralized; 

(iii) Cathode cl riven-grounded grid ; 
(iv) G rid driven- passive grid. 

INPUT 
) 

HEATER SUPPLY 

Fir. I0.56.. Grounded rrld (cathode driven) amplifier. 
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These basic circuits are shown in Figs. 10.54, I O.SS, 10.56 
and 10.57 and in each circuit configuration the valve can be 
either a triode or a tetrode. 

At this stage it might be advisable to consider what exactly 
is meant by the tenn linear amplifier. To the high fidelity 
music lover a linear amplifier is intended to give superb 
qualily with the lowest level of distortion. To the single side
band operator a linear amplifier can be added to an existing 
exciter and will give a more powerful signal without impair
ing the speech quality. In fact the hi-fi enthusiast and the 
sideband operator when they talk about a linear amplifier 
are in fact talking about the same thing. ln theory, a good 
hi-fi linear ampUfier can be turned into a good low distortion 
sideband amplifier by replacing the audio input and output 
transfom1er by r.f. tank circuits. ln addition, because the 
flywheel effect of the tuned circuits puts back the missing 
half cycle it is not even necessary to use two valves in push
pull. Finally, the operating parameters o f anode, screen and 

Fig. 10.57. Gri d driven passive g r id amplifier. 

grid supply voltages, anode load resistance, grid driving 
voltage and power output, supplied by the valve manu
facturer for audio operation, apply equally for single side
band r.f. service. An exan1ple of this is given in Table 10.3 
for the valve type 81 IA. 

T ABLE 10.J 
81 IA Operatinr o .. ta 

Class B Aud io Suvice Clau B R.F. Service (S.S. B.) 
(Two valve•) (One valve) 

Grid Driven Grounded 
Grid 

Anode Volt•&• 1150 1250 1150 
Grid Biu 0 0 0 
Pe•k Grid Volt•g• 175 88 88 
Ze ro Sic. Anode Current (mA) H 27 27 
Max. Sic. Anode Current (mA) 350 175 175 
Lo•d Rcsisunco (ohms) 9200 ~600 ~600 
M•x. Sic. Grid Current (mA) • 26 13 13 
Power Output (w•m) 310t 155t 1 ~1: 

•Varlos from valve to va!ve. tComputed power output. t Mcuured 
includin& circuit loss. 

The operating par;ameters of a cla.ss B 3mplificr st:.gc remain the nme 
recardlcss of whether the valv• functions in a.udio or r.f. service. 
Grounded gl""id operation is similJr, except th3t the exciter must 
supply additional rocd through power. Sil'ltO cl:ns 8 audio service 
requires two valves, all currents and 3nodo lo::.d resistance must be 
halved fo r .single valve rJ. service. Class 8 JUd10 data is raadily avail· 
able for most valves and ca.n be used for r.f. service ~1 shown abov~. 
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Is Linearity N ecessary? 
For sideband service the envelope of the signal in the anode 

circuit must be an exact replica of the envelope of the exciting 
signal. This implies that (he power gain of the stage must be 
constant regardless of the signal level. This desirable basis 
of operation can only be obtained if the amplifier is operated 
in a linear manner. Any non-linearity creates distortion 
products that appear both in the signal passband and in 
those channels adjacent to it. 

A practical place to examine a sideband signal for linearity 
and quality is in the adjacent suppressed sideband channel, 
not in the frequency band of the signal itself. 

The excellence of a sideband signal is judged by the amount 
of (or lack of) sideband splatter in nearby channels. Theo
retically, a sideband signal should be just as wide as the voice 
passband of the equipment-3 kc/s- and no wider. If the 
output signal of a linear amplifier stage is a replica of the 
existing s ignal there will be no distortion products-however, 
valves arc not perfect and the transfer characteristics of even 
the best linear amplifiers exhibit non-linearity at the extremes 
of lhe anode current swing. So long as the signal input is a 
sil1gle tone (such as inserted carrier, or a single tone il1to the 
microphone socket) departure from linearity has no effect 
but, if the signal input contains two or more tones, the non
linearity of the power amplifier will cause " mixing" of the 
signal source and will produce new additional sum and 
difference frequencies that were not present in the original 
input signal. These new frequencies, generated in the power 
amplifier, are known as intermodulation distortion products. 

The standard method of testing a linear amplifier to 
determine the level of distortion products is the two-tone 
test, in which two radio frequencies of equal amplitude are 
applied to the amplifier and the output signal is examined for 
spurious products. Those output signals falling in the har
monic region-" even order" products-are attenuated to a 
low level by lhe amplifier tank circuits. Unfortunately, the 
" odd order" products fall close to 1hc fundamental output 
frequencies and cannot be removed by tuned circuits. These 
arc the distortion products that put back the signal on the 
unwanted sideband and in the case of a poorly designed or 
incorrectly operated linear amplifier, cause objectionable 
splatter. 

Fig. 10.SS(n) shows the spectrum distribution of lhe 
products generated in a typical p.a. stage, while Fig. 10.58(b) 
shows on an expanded frequency scale those intermodulation 
products within the amplifier passband thal cause s.s.b. 
distortion. In the example shown the two frequencies making 
up a typical two tone test are 3748 and 3750 kc/s. If the 
linear amplifier is perfect these will be the only frequencies 
appearing in the output. In practice, the amplifier is not 
perfect and there will be additional combinations of sum and 
difference frequencies generated by the non-linear transfer 
characteristics of the valve. These odd order products fall 
within the passband of the selective output circuits and will 
be radiated together with the wanted signal. The inside pair 
of intermodulation products arc third order, the next fifth 
order, seventh order, and so on. It will be noled that those 
distortion products nearest to the original input frequencies, 
F l and F2, have the greatest amplitude. These are the third 
order intermodulation products and ii is the relative ampli
tude of the third order products in relalion to the wanted 
signal that delermines the excellence or otherwise of the 
transmitted sideband signal. 
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Fig. 10.58. Odd order intermodulation products causinc s.s.b. 
diatortion. The frequencie• shown u.sume a transmitter with 
a carrier on 3750 kc/1 (radiating lower 1ldeband) and modulated 
by a 2 kc/• tone input. Tha amplifier ia drive!' at carrier ~reque~ncy 
(Fl) by unualancing the modulator or u11nr carrier 1nsert1on. 
The audio input of 2 kc/• produces the aecond frequency of 3748 
kc/s (Fl). Controls are adjusted for equal amplitude of Fl and Fl. 

Fortunately so far as amateur operation is concerned, 
it is not necessary to have or be able to use elaborate test 
equipment. Many s.s.b. operators have selectable sideband 
receivers with correctly calibrated S meters aad they can 
check the relative signal level on the waated and on the 
unwanted sideband, under tone input or voice conditions, 
and give a report of so many decibels down with a degree of 
accuracy that is reasonably high and quite adequate for 
amateur use. 

The reduction of adjacent channel interference in the 
crowded amateur bands is ultimately of benefit to all. There 
is obviously little sense in aiming for a rejection of at least 
35db in the filter and then allowing a badly operated linear 
amplHicr 10 put the unwanted sideband back again in the 
form of objectionable intermodulation distortion products. 
The aim therefore is a distortion product level at least as 
good as the filter (35db down). 

Reducing Distortion 
Consideration has been given to the effect on the output 

signal of non-linearity in the power amplifier and how such 
non-linearity causes " mixing" and the generation of odd 
order intcnnodulation products. It wiU be noted that the 
frequency spacing of the distortion products is always equal 
to the frequency difference between the two original tones. A 
voice signal is made up of a multiplicity of tones-there will 
therefore under voice operating conditions be a multiplicity 
of intermodulation distortion products. These will be present 
in the transmitted signal and will be beard on the unwanted 
sideband as blurred and distorted speech that is completely 
unintelligible- in short as splatter. 

SINGLE SIDEBAND TRANSMISSION 

When a linear amplifier is improperly adjusted or over
driven the spurious frequencies rise in amplitude and also 
extend far outside the original channel and will cause 
uointelligible splatter interference in adjacent channels. 
Splatter of this type is usually of far more importance than 
the effect on intelligibility or quality of the original signal .. To 
minimize unnecessary interference the distortion products 
falling in adjacent channels should be reduced as far ns it is 
possible to get them. Common courtesy on the crowded 
amateur bands dictates the use of transmitters with as little 
distortion as the stale of the art reasonably permits. 

There is clearly no point in going to the effort of construct
ing a filter tha t will give 45db sideband suppression and then 
putting the unwanted sideband back again in the form of 
distortion products generated in the amplifier stages. A 
filter with a high level of unwanted sideband suppression 
deserves a power amplifier with a low level of intermodula
tion product distortion-one is complementary to the other! 

The first and most important means of reducing distortion 
in a single sideband linear power amplifier is to choose a 
valve with a good anode characteristic and choose the 
operating conditiolls for low odd order curvature. Fig. 10.59 
shows the anode characteristic and the operating point that 
will allow class AB operatioll with no odd order distortion 
products. From point A to B tbe curvature is second order or 
a simple (I. "" kVc1) curve. From point B, the curve con
tinues at the same slope in a straight line to point C. The 
zero signal operating point Q is located midway horizontally 
between A and B. It is also located directly above the point 
of projected cut-off, point P, where an extension of CB 
crosses the zero anode current line. 

Small signals whose peak-to-peak amplitude is less than 
the horizontal distan~e between A and B operate on a pure 
second-order curve, resulting in no single sideband dis~or
tion. Wbeu the input signal becomes greater than AB it 
enters a linear region on both peaks at the same tin1e and 
since the slope of BC is correct there is no change in gain of 
the fundamental components and no single sideband distor
tion will result at large signals either. The anode current 
at point Q determines the static anode current Ia of the v~l ve 
and, when multiplied by the d.c. anode voltage, detcnmnes 
the static anode dissipation. 

Most valves have a characteristic similar to Fig. 10.59, 
although AB is not a pure square law an~ the _region: fr?m 
B 10 C is rather limited and seldom straight. lo practice, 
however, an anode current/grid voltage curve can be plotted 
from the desired load line on a set of constant current curves, 
or obtained from the valve manufacturer. By projecting the 
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Fie. IO.S9. Ideal valve characteristico for class AB operation. 
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most linear portion of this curve lo intersect with tbe zero 
anode current line, the point of projected cut-off and there
fore the grid bias and static anode current can be determined. 
This static anode current is the correct value for minimum 
distortion. 

The screen voltage of a tetrode valve has a very pro
nounced effect on the optimum static anode current because 
the anode current of a valve varies approximately as tJ1e 
three-halves power of the screen voltage. For example, 
raising the screen vollage from JOO to 500 volts will double 
the anode current. The shape of the dynamic characteristic 
wiU stay nearly the same; however, the optimum static anode 
current for minimum distortion is now also doubled. lo 
practice a limit is reached when the higher static anode 
current and therefore the higher static anode dissipation 
exceeds the rated anode dissipation for the particular valve 
in use. Should this condition arise it is necessary to make a 
choice between operating the valve at lower than optimum 
static anode current or alternatively reducing the screen 
voltage. 

AJthough single sideband has now been in use for many 
years there is not yet any linear power amplifier arrangement 
that has shown itself to be superior either in performance or 
characteristics to an extent where it has become accepted as a 
standard particularly suitable for the requirements of s.s.b. 

The type of linear amplifier that would be most suitable is 
dependent on circumstances that vary from one station to 
anoti1er. In fact, the choice must be made by the operator 
because it is inherently a personal one. It is possible, however, 
to give an indirect answer to the question by outlining a 
simple " design consideration " procedure as follows: 

(i) Determine the h.t. supply voltage that i~ to be used. 
(This may be from an existing power pack, or may 
depend on the use of components tbat are already 
available, or it may be determined by considerations 
of safety, i.e., many amateurs figbt shy of using volt
ages much above 750.) 

(ii) Determine tbe driving power that is available from the 
exciter. (This can be obtained from the manufac
turers' data for the driver valve in use, or can be 
measured into a dummy load, or approximated by 
lighting a suitable lamp load.) 

(iii) By reference to Table 10.4 chose a valve suitable for 
the h.t. supply available. 

(iv) By reference to Table 10.5, decide on the basic 
method of operation suitable for the driving power 
that is available. 

TA BLE 10.4 

soov S00°750V 750-1250V IS00·2000V 2000-3000V 

2E26 6 t46 TTll 813 304TL 
8298 807 807 1-125A +250A 

1625 1625 4XISOA 4-'IOOA 
sos 304TL PL-6569 
811A 4X.250B 
+6SA 
4XI SOA 
ELJB 
QVOS-100 

The values given in Table 10.4 and 10.5 are approxima
tions intetided to serve as a guide. Jn Table 10.5 the 
" Driving Power " includes 
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TABLE 10.5 
Basic M<Chod of Operation 

Driving Tuned Grid Tuned Grid Pa.nive 

I Power ABI A Bl Grid 
(P.E.P-) 
output 

2E26 8298 
61-46 
4-65A 

5 w:i.tts 4X ISOA 
807 1625 
QVOS-100 
Tnl 
EL3B 

4-12SA 807 1625 
10 watts 813 4-65A 

813 
4-125A 

304TL 805 8 13 
25 watu 81 1A '1°6SA 

1·125A 
4XISOA 

304TL 005 
811A 

50 watts 4-250A 
4.-lOOA 

304Tl 
PL6569 

100 watts 

(a) The grid circuit and coupling losses, 
(b) The input damping losses of the valve, 

Cathode 
Driven 

(Grounded) 
Grid) 

813 
4-JlSA 
4XJ50A 
805 (Xlk 
BllA ( ) 

304Tl 
811A (X4) 
805 (X4) 
Pl6569 

(c) The loss in the grid circuit swamping resistor, 
(d) The grid current which may Bow, 
(e) In the grounded grid application, the percentage of 

driving power that appears in the output circuit as" feed 
through power." The driving power for the va lve shown i.a 
the class AB1 column assumes a .grid swamping resistor of 
2000 ohms. 

As the input impedance of a grounded grid amplifier is a 
function of the peak cathode current, the driving power 
required will be greater for four valves than for two. The 
number of valves in use is indicated by ( x 4) or by ( x 2). lt is 
assumed in all cases that where two or more valves are used 
in the amplifier, they are operated in parallel. 

Having decided oo tbe type of valve tbat is most suitable 
for the h.t. supply and driving power available, tbe valve 
manufacturers' data can be consulted for tbe p.e.p. output 
rating. U this is less than the total output required it will be 
necessary to run two, three or four valves in parallel. To give 
two examples: 

(i) T he choice of valve type is 6146 with a 750 volts b.t. 
supply. The required maximum signal power output 
(p.e.p.) is 200 watts. This will require four valves in 
parallel. 

(ii) The choice of valve type is 813 with a 2000 volt supply. 
The required output is 400 watts p.c.p. This can be 
obtained with two valves in class AB2. 

Basic Circuit Considerations 

As a guide to the choice of basic metbods of operation 
given in Table 10.5, the main advantages and disadvantages 
can be summarized as follows : 



T1111ed Grid. Class AJJJ 
Advantages 

(a) Low driving power. 
(b) As there is no grid current tbe load on the driver valve 

is constant. 
(c) There is no problem of grid bias supply regulation. 
(d) Good linearity and low distortion. 

Disadvantages 
(a) Requires tuned grid input circuit aod associated 

switching or plug-in coils for multi-band operation. 
(b) Amplifier must be neutralized. 
(c) Lower efficiency than class AB:? operation. 

Tuned Grid, Class AB2 
lfdvantages 

(a) Less driving power than passive grid or cathode driven 
operation. 

(b) Higher efficiency than class ABJ. 
(c) Greater power output. 

Disadvantages 
(a) Requires tuned grid input circuit. 
(b) Amplifier must be neutralized. 
(c) Because of wide changes in input impedance due to 

grid current Bow there is a varying load on the driver valve. 
(d) Bias supply must be very" stiff" (have good regula

tion.) 
(e) Varying load on driver valve may cause envelope 

distortion with possibility of increased harmonic output and 
difficulty with TVI. 

Passfre Grid 
Advantages 

(a) No tuned grid circuit. 
(b) Due to relatively low value of passive grid resistor, 

high level of grid damping makes neutralizing unnecessary. 
(c) Constant load on drive valve. 
(d) Compact layout and simplicity of tuning. 
(e) Clean signal with low distortion level. 
(f) Simple circuitry and construction lending itself readily 

to compact layout without feedback troubles. 

Disadvantdges 
(d) Requires higher driving power than tuned grid 

operation. 

Cathode Dri1•e11 
Advalltages 

(a) No tuned grid circuit. 
(b) No neutralizing. (This may be necessary on !Om.) 
(c) Good linearity due to inherent negative feedback. 
(d) A small proportion of the driving power appears in the 

anode circuit as" feed-through power." 

Disad11antages 
(a) High driving power- greater than tbe otber methods. 
(b) Isolation of the beater circuit with ferrite chokes or 

special low capacity wound heater transformer. 
(c) Wide variation in input impedance througbout the 

driving cycle causing peak limiting and distortion of the 
envelope at the driver valve. 

SINGLE SIDEBAND TRANSMISSION 

(d) The nccc.ssity for a high-C tuned catbodc circuit to 
stabilize tile load impedance as seen by tbe driver valve and 
overcome tbe disadvantage of (c). 

(e) In practice, with the type of valves commonly used by 
U oited Kingdom amateurs, the power o utput appears to be 
the same or slightly less than tbat for passive grid operation. 
The active anode cw-re11t flows through the cathode circuit 
and produces across the cathode impedance a voltage which 
decreases the exciting voltage. This corresponds to negative 
feedback, aud it is possible that the loss due to this feedback 
can be roughly equal to the feed-through power-the net 
advantage is then zero. 

Beam power valves such as the 807, 1625 and 813 may be 
connected as high-mu triodes in the manner shown in Fig. 
10.60. The triode-connected tetrode usually requires a much 
higher excitation voltage than a conventional triode, but is 

F ig. 10,60. High-mu triode con• 
neccion of a totr-odo or pentode 

amplifi o.- va lve. 

otherwise capable of similar performance. It is important, 
however, to remember that this high excitation voltage 
appears between the grid and cathode, and there is no grid
bias voltage to be overcome before grid current can fl.ow. As 
a result of the large driving voltage and bigh current flow, 
triode-connected tetrodes often operate with control-grid 
dissipation powers in excess of the manufacturers' ratings. 
This may happen inadvertently if the grid circuit bas only a 
single current meter because up to 75 per cent of the com
bined grid current may be to the control grid in such a 
circuit. Should the valve be cathode driven in a grounded 
grid circuit, with insufficient anode circuit loading, the 
power formerly fed through the amplifier into the output 
circuit becomes available to heat the control grid to even 
higher temperatures. Such action can destroy the valve in a 
short time. 

While it is possible to protect the valve with a grid-current 
overload relay of low coil resistance and sufficient sensitivity, 
it is hardly likely that a suitable component would be 
available lo tbe amateur constructor. Conventional tetrode 
connection (either grid driven or cathode driven) will avoid 
the risk of damage to the valve and is the preferred method. 

Push-pull o r Parallel Operation 
In theory two valves operated in linear amplifier service, 

either in push-pull or in parallel, will give the same maximum 
signal power output. However, there may be certain practical 
considerations that make one method more desirable than 
the other. 

A single sideband amplifier must operate at a ll times in the 
most linear manner if objectionable intermodulation 
distortion is to be avoided. This means that the valve (or 
valves) must operate into a precise value of anode load: this 
may vary in value from a few hundred ohms up to several 
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thousand ohms depending on the valve type, operating 
potentials and required maximum signal power output. The 
anode load (Ri) is !bea required to be stepped down in 
impedance to the design value of the <1mplifier output, 
usuaUy 75 ohms. From this it follows that the tank circuit is 
arranged as a step-down transformer. 

As a precaution against the possibility of TVI it has 
become accepted practice to feed the transmitter output via a 
screened cable into a low-pass filter (capable of 40db or 
more attenuation to any r.f. in the television channels) and 
the filter either directly or via an aerial tuning tmit into the 
aerial system. As ii· is reasonably cheap and easy to obtain, 
coaxial cable is generally used, and modern transmitters are 
therefore designed lo have a tank circuit with an unbalanced 
output. 

Of further advantage is some simple means-preferably 
from a panel control-of varying the loading so that the 
amplifier operation can be adjusted whi le the output wave
fonn is monitored on an oscilloscope. 

The old convention of plug-in tank coils is now considered 
to be completely out-of-date, and modern transmitters 
are designed for rapid changes from band to band by means 
of switching. It obviously would be quite a complex elec
trical and mechanical operation to arrange switcbiog for five 
push-pull anode coils and five output link windings. 

For these reasons the pi-network circuit has become 
deservedly popular; the anode tuning capacitor need not 
be a split stator type, inductance change is easily effected by 
suitable taps on a single coil, and tbe required switch is a 
simple single pole type. It is easy to see why in modern 
transmitters the pi-network is almost universa]ly used. As 
both the input and the output of the tank circuit is single 
ended, two or more p.a. valves arc always operated in 
parallel. 

Finding the Value of the Anode Load 
A large number of valve types are suitable for linear 

amplifier use but in many cases manufactmers' figures for 
single sideband service arc not available. It is therefore 
necessary for the constructor to work out the valve operating 
conditions from first principles. This is particularly import
ant in regard to the value of Ri. and the values of Land C in 
the tank circuit. The amplifier can only give its rated power 
output without distortion if it is wcrking into the correct 
anode load corresponding to the dynamic operating con
ditions and the load line that has been selected. 

One "rule of thumb " formula that can be used to find 
the value of anode load (RL) where the makers' figure for 
single tone anode current is known, is V./2 x 1., where V. 
is the d.c. supply voltage and I. is the maximum signal anode 
current in amps. This formula cannot be more than an 
approximation because it does not differentiate between 
the different classes of working. The correct load for class 
ADI is not the same as the load for class AB2 or class B 
working. 

The recommended procedure that will give an accurate 
answer for the value of Rr, is the formula based on the 
operating conditions and taking into consideration tbe 
angleofanodecurrent tlow. ThisisRL = 2 X (V. - V.,.,,.) 
/I. x K, where v. is the d.c. supply voltage, v. "''" the 
minimum value of anode voltage at the crest of the cycle 
when the anode current reaches its maximum value, 1. is the 
manufacturers' figure for maximum signal anode current 
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and K is a constant whose value is dependent on the angle of 
anode current flow. For class B operation the angle of flow 
will be approximately 180° and K = 3·14. For class AD 
operation the angle of current flow will be greater thao J 80° 
and K will have a value tbat is smaller than 3·14. For 200° 
the approximate value will be 2·88. The linear amplifier can 
be analysed and designed as a class C amplifier in which the 
angle of anode current flow is slightly greater than 180° and 
the value of V0 .. rn is slightly higher thao for class C opera
tion. 

Zero bias triodes such as the 805, 81 IA and TZ40 arc 
designed io have a low zero signal anode current and be 
operated in class B. Co1wersely, many high slope tetrode or 
pentode valves are capable of high power output without 
grid current and are normally driven in class AB!. Examples 
of the latter are 6146, 4-125A, 4X150 and 813. 

A typical load line and the method of plotting is shown io 

PEP INPUT = Va x la l a ptok =lo x I( 
p EP OUTPUT~ Io p•ok (vo - Va min) RL= z (vo - Va min) 

+so 

~ 0 
~ 
0 
> 
0 -SO 
a: 
~ 

lo pcok 

~ SCUEH VOLTAGE c dOO ::------------- - 600<' 

;"Ss:: :§ 
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~-------~--=:::~Vo;,..._--- SO V 
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,, 10 g 
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Fig. 10.61. Graph ical determination o( valve operating conditions 
Typical constant current char"acteristic1, showing how tho load 
line is plotted. v3. is the x:cro sicnal point, showing that the re1tine: 
anode current i• 50 mA, the grid bias -60 volts, and the d .c;. h.t. 
1uppt y 2000 vol ts. Va min is tho instantaneous v~lueofanodo voltage 
at a peak anode current of 450 mA ( 1 a Peak)· Thi• occurs at the cre•t 
of th e arid driving cycle when the r.f. voltaic reaches a peak v;alue 
of + 60 volts; the effective bi:is V'alue i& then zero as ahown. (la is 

the d.c. anode current metor reading a.t maximum s isnal.) 

Fig. 10.61. The instantaneous anode voltage should not be 
allowed to drop much below ibe applied screen voltage in 
order to avoid excessive screen current and the risk of exceed
ing the makers' figure for the maximum pennissible screen 
dissipation. Normally, V0 ml• is given a value slightly less 
than the reeonuneoded screen voltage for the valve. To take 
the popular 813 as an example, operated in class ABl, with 
2000 volts h.t. and 750 volts on the screen, the maximum 
signal anode current is 150 mA. Using the formula 

RL 
2 x (V. - v . .. "') 

/ 0 x K 
2 (2000 - 600) 

and substituting the values, this gives 0.15 x 2.88 
2800/0·43 = 6500 ohms. 

Where the Maximum Signal A node Current Is not 
Known 
A number of valve types-designed for some other appli

cation-are available as low cost initial equipment aod are 
therefore attactive to the amateur for linear amplifier opera
! ioo. In many cases, however, operating data for r.f. or audio 



use is unobtainable. In these cases it is necessary to design 
from first principles. The p rocedure can perhaps most 
clearly be shown by taking a specific example. An excellent 
valve available at low cost is the EL38, a high slope pentode 
developed as a television receiver line time base output valve 
capable of operation at hjgh anode voltage and high peak 
a node current- characteristics particularly suitable for s.s.b. 
amplifier use. 

1t will be assumed that the valve is to be operated in class 
AB! with an expected efficiency of 60 per cent. Inspection 
of the manufacturers' data for limiting values gives V. 800 
volts, v. ,. .... 8 kV and V,2 400 volts. (Suitable values of 
anode and screen supplies for amateur service would be J 000 
and 300 volls.) Since the 40 per cent power loss must equal 
the maximum rated anode dissipation of 25 watts, the total 
power input (100 per cent) must be 25 x 100/40 - 62·5 
watts. 

Dividing the maximwn power input by the anode voltage 
gives a maximum signal anode current I. of 0·0625 amp., 
and I. ,,..k = 0·0625 x 2·88 (K is 2·88 for class AD opera
tion) = 0·18 amp. 

Assuming that the instantaneous anode voltage is allowed 
to swing down just below the value of the screen voltage 
(V0 - v • .. 1.) = 800 volts and RL = J600/0·18 = 8888 
ohms. 

The p.e.p. input - v. x / 0 = 1000 x 0·0625 = 62·5 watts 
and the p.e.p. output = I. ,...1: x (V. -v. ,,.,;,.)/4 - 0· 18 x 
800/4 = 36·0 watts. To check the figures the output power 
is subtracted from the input power, 62·5 - 36 = 26·5. This 
is slightly more than the rated anode dissipation but is quite 
satisfactory for amateur sideband use. (If a greater power 
output than this is required it would be satisfactory to 
increase the h.t. supply to say 1250 volts.) 

Four EL38 valves in parallel with a 1000 volts h.t. supply 
would make an excellent linear amplifier mnning at 250 
watts ioput and a p.c.p. output of 150 watts. The correct 
value of RL would be one quarter the value of one valve-
8888/4 = 2222 ohms. 

The power output obtainable from a linear amplifier at 
a given anode voltage is determined by ibe peak anode 
current I. -1; this in turn is determined by the minimum 
anode voltage v. min· A large I. ,...k is required in order 
to obtain large output, and a small JI. min in order to have 
a good efficiency. With I. ,..u and v. m1~ determined by 
considerations of power output and anode efficiency, 
respectively, it is required that RL have the value g:iVen by the 
formula 

R 2 x ( v. - v,, ..... ). 
/, - _ _ ..:..__c:.._......;._.;.;;~ 

f• /l"M 

If RL is smaller than it should be, then v • .. ;. is thereby 
increased and both efficiency and output power sulTer. 

INPUT FROM 

PA VALVE ----ANODE 

RF 
1 OUTPUT 

1: Rour 
~ = 75f'l. 
I 

Fie. 10.62. Basic pi-network tank circuit. R1.. required anode load: 
Cl, anode tuning cap:icitor: L, inductance; Rout, lo a d into wh ich the 
transmitte r is required to work (normally 75 ohms;}; Cl. aerial 

loading ca.p~citor. 

SINGLE SIDEBA1'.1D TRANSMISSION 

If RL is made too large, v. mr,. becomes very small and with 
triodes this causes T. r'"• and tberefore the output power, to 
decrMsc; with pentode and tetrode valves a virtual cathode 
fom15 if v. "'"' is too small causing secondary emission 
from the anode to the screen, excessive screen current and a 
flattening of the anode current peaks. Io the examples 
given v. ,,.1• is determined by the operating voltage on 
the screen. In the case of triode valves v. ,.1• is limited to a 
value that is more positive than the peak r.f. grid voltage. 

A summary of tbe operating conditions for four valves in 
parallel would be as follows: 

Oper11ti11g Col/(/itio11s for Fo11r EL38 
D.C. anode voltage 
D.C. screen voltage 
Zero signal d.c. anode current .. 
Max. signal d.c. anode current . . 
Effective load resistance .. 
D.C. grid voltage 

Maximum signal power input . . 
Maximum signal power output . . 

1000 volts 
300 volls 
80mA 
250mA 
2220 ohms 
value required to give 

80 mA standing 
anode current 

250 watts 
J 50 watts (approxi

mately) 

The amplifier would be loaded and the drive adjusted with 
single tone input (audio tone or inserted carrier) to the maxi· 
mum signal anode current of 250 mA. On speech the p.a. 
anode current meter would not be allowed to swing beyond 
half this value to prevent overdriving and distortion. 1n 
general the Jjnearity of a tetrode or pentode amplifier is 
improved by running the zero signal anode current as high 
as possible without exceeding the rated anode dissipation-
80 wat!s is a good compromise value. 

The P l N etwork Tank Circuit 

T he Q of the anode circuit, of which the tank is a part, 
must be sufficient to keep tbe r. f. anode voltage close to a 
sine wave shape. Because of the greater angle of anode 
current now the requirements for linear amplifier operation 
arc less stringent than for class C operation. However, if 
the anode circuit Q is insufficient the r.f. waveform may be 
distorted resulting in low anode efficiency and also poor 
attenuation of the harmonics of the output signal. Too high 
a value of Q results in large circulating r.f. currents and 
power loss. A compromise value giving a good balance 
between the conflicting requirements and fully sufficient for 
sideband working is a Q of 12. 

This is the recommended type of output circuit, and 
once the correct value of RL has been calculated as shown, 
the required C and L values can be read off directly from 
the tables given in the excellent and highly recommended 
article Simplified Design Procedures for Pi-Network Tank 
Circuits by G. C. Fox, A.M.l.E.E. (G3AEX) in the J une 
1961 issue of the DULLB1TN and reproduced in the RSG13 
Radio Data Reference Book. 

Simplified Calcu lation Procedure 

An alternative to the use of pi-network abacs is a simplified 
design procedure first suggested by G. R . B. Thornley 
(G2DAF). The basic pi-network tank circuit is shown in 
Fig. 10.62. 

As the pi lank circuit is an impedance matching device the 
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first requirement is to find the rcactance values for Cl, Land 
C2 in relation to the tank Q. 

R1 
The tank circuit impedance ratio - -R 

''"' 
Tl k 

. . . CJ 
ie tan ctrcmt reactance ratio - C

2 

XCI = RI divided by Q 

XCJ 

XC2 = J RI 
R..., 

XL - XCI plus XC2 
(ii) 

JRJ 

R Old 

R1 
Q 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

Considering the case of a pi-network tank designed for aa 
RL of 3000 ohms and a Q of 12, the numerical values would 
be as follows: 

Rr, 3000 
R..., = 75 = 4-0.. . . . . . . . . . . • . . . . . . • . . . . (i) 

J ~1• = / 40 = 6·3 (approx.).. . . . . . . . . . . . . (ii) 
l\ QJtl 

XC RL 3000 (iii) ' = Q = U = 250 ohms ......... . 

xc, 250 
XC~ J R,, =TJ = 40 ohms .......... (iv) 

R..,, 

X r. = XC, + XC, = 250 + 40 = 290ohms .... (v) 

These values are a simple approximation, but are quite 
near enough for amateur purposes. From a rcactaoce chart 
the values for 80m are: 

C , "" 180 pF; C2 = 1100 pF; L = 14 µH. 

T he values for the other bands scale down in the same 
ratio as !he band wavelength as follows: 

B011d Cl L 
80m 180 pF 14 i~H 
4-0m 90 pP 7 µH 
20m 45 pF 3.5 µH 
15m 33 pF 2.5 µH 
lOm 22 pF 1.7 µH 

C2 
1110 pF 
550 pF 
275 pF 
205 pF 
137 pF 

The reader is also referred to pages 6.4 l 10 6.43 in 
Chapter 6- H.F. Transmitters. 

Pi Coil W inding Data 

While it is possible to wind a pi-tank coil and get it to 
resonate correctly on each band-with the calculated values 
of C I and C2-by a process of trial and error, this is a time 
conmming method. A much more satisfactory procedure is 
a method of relating the inductance values in 1<H to actual 
turns of wire on a coil former of suitable diameter. Amateurs 
are indebted to R . G. Wheatland, G3SZW for providing the 
practical formulae* given in Table 10.6. 

THE ADVANTAGES OF PASSIVE GRID OPERATIO N 

The term " passive grid " is used to define a method of 
operating a linear power amplifier in which the grid input 
circuit is "passive " in regard to frequency, i.e. the normal 
coil and tuning capacitor are omitted :ind replaced with a 

• " L . C. Cnlcula1ioos " by R . G. Whca1land. 03S7..W, RSGB Bulletin 
Au!lWt 1965. 
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T ABLE 10.6 

Former W indin2 Number of W ire Gauae and 
Diameter length Turns Spacing 

(A) Ii In. 2 in. 
8-6 ~'i 18 s .. w.~. spacod 16 turns 

per inc . 

(B) Ii· in. 3t In . IO~i 16 s.,w·f,· sp~ccd 12 turns 
per incl, 

(C) 2.j. in. 3f in. 9·5~~ l'f s.w.g. sp>ccd 8 turns 
per inch. (Eddystone 
former.) 

L - lnducunce in µ.H. 
d - former diameter in inches. 

Former .. A .. is suiublc for two 61-46 v~lves or simila.r. 
For-m1r .. B •• is suitable for two Tnl vatves or similar. 
Former" C •• is suitable for two QY3·12S valvu or similu. 

With the transmitter output connected to a 75 ohm non-inductive 
dummy load, chock that each band resonates with tho correct valuc.s ol 
Cl and Cl: It m:iy bo neCO$S:lf)' to :idjust the uppini points to :ich icvo this. 

non-inductive resist.or. This method has a number of 
advantages making it particularly suitable for amateur 
operation. 

Variation o f Input Damping 

It is of interest to consider the basic problems that are 
common to the normal grid driven metl1od. The first is 
the variation of input damping. Throughout the drive cycle, 
in a radio frequency amplifier biased to class ABJ, the input 
damping changes and these changes are reflected back to 
the driver valve, as shown in Fig. 10.63. 

A method of overcoming this distortion is to make the 
driver impedance as low as possible. This can be accom
plished by connecting a swamping resistor across tbe grid 
circuit. The value of this resistor depends on tbe valve being 
used, the operati11g conditions, and possibility of grid 
etUTent, but is usually of the order of 2000 ohms. The 
characteristics of certain valve types are such tbat it is advan
tageous to drive the valve slightly into grid current. In tl1is 
instance a swamping resistor will assist in masking the effects 
of input impedance change when grid current starts to flow. 

Amplifier Stablllty 

The second problem is that of amplifier stability. It is 
vitally important that there is no positive feedback in a linear 
power amplifier and most tetrode and pentode valves used 
for amateur sideband use require neutralizing. Because of 
the high power gain it is more difficult to neutralize correctly 
a class AB a mplifier than a class C one. The variation in 
grid cathode capacity can also cause an amplifier that is 
perfectly stable and correctly neutralized under static 
conditions to become imperfectly neutralized and become 
unstable under voice peak conditions. 

Heavy grid damping will prevent any feedback due 
to the grid-anode capacity of the valve being of sufficient 
amplitude to cause instability, without any necessity to 
incorporate neutralizing circuits. In addition tbe low grid 
resistor will provide a constant load on the driver valve and 
will effectively damp out the effect of variation of input 
damping during the driving cycle caused by input capacity 
change, and the further effect caused b)• tbe onset of grid 
current fl ow. 



-time 

Ru ulting distort ion on anode 
current wa veform 

Comprusion ond distortion 
ot input waveform couscd by 
increasing input damping o s 
anode current lncrc o us 

f ig. 10.63. Linear amplific;ation characteristics showine how 
variation of input damping causes distortion of the input wavefo rm . 

T he Passive Grid Linear Amplifier 
While it is possible to stabilize a triode amplifier by making 

the passive grid resistor of low enough value it is likely that in 
practice tbe required value would be so low, an excessive 
amount of driving power would be necessary in order to 
develop the necessary grid driving voltage across it. The 
passive grid method is therefore particularly recommended 
for tetrode aod pentode amplifier valves. 

The lowest value of grid resistor tbat will normally be used 
is 75 ohms- this would be a good match to an exciter with 
a pi-output network usually working directly into a 75 ohm 
aerial load. The highest possible value of grid resistor will be 
that at which the amplifier becomes unstable clue to positive 
feedback; this will vary from valve to valve but is estimated 
to be around I 000 ohms. 

As a low value will give a greater measure of stability and 
a more constant load on the driver valve, its value in ohms 
will be determined by the required maximum signal grid 
driving voltage and the available power output from the 
driver valve. This is determined from the formula R = V'-/P, 
where Vis the maker's value for the peak r.f. grid driving 
voltage and pis the p.e.p. output rating of the driver valve in 
use. It should be noted that as p.e.p. is an r.m.s. value, the 
value of Vused in the fommla should also be an r.m.s. value. 
However, the use of the peak voltage figure normally given in 
valve data ensures that in practice the required drive voltage 
is developed using only half of the available driver output. 
T his gives a very desirable two to one margin of safety and 
ensures that the driver stage can never be overrun at any 
time, and that the level of intermodulation distortion products 
from this stage is always less than the distortion product level 
from the linear power amplifier. 

Proble m s of Ratings 
It is cuslomary to rate a.m. transmitters on the power 

developed in the carrier and most published data oo valves 
for a.111. telephony gives operating conditions which take 
into account the peaks which occur when 100 per cent 

SINGLE SIDEBAND TRANSMISSION 

modulation is applied. With single sideband operation it is 
not possible to bave a similar form of rating since at zero 
modulation there is oo output from the valve (tbis assumes 
complete suppression of the carrier). 

Looking at the A.M. Modulation Envelope 

It will be assumed that a transmitter setup to t.bemaxinmm 
licensed input of J 50 walls is anode modulated witb 75 watts 
of audio (the usual amateur conditions). Further, that the 
overall efficiency of transfer of r .f. output into the load is 
66·6 per cent. The load is a non-inductive resistor of 
100 ohms. If the vertical deflection plates of a cathode ray 
oscilloscope are connected across thedun1my load the vertical 
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Fir. 10.64. Graph 1howinc how the cycles of, r.f. produced by ,the 
resultant volt:l&e• o f the carri er and tha two sideband! are c1ont1nu· 
ally c,hana1na in amplitude from zero at the modulation trou1h at 
point 8 to twice the c:irrier value at the modulation crett a.t C. 

deflection will be a measure of the r. f. voltage appearing 
across the load. fo the unmodulated condition the r.f. output 
power is JOO waits, the voltage across the load is 100 volts 
aud the current nowing through the load is 1 amp. The 
modulator is now driven to the 75 watt output condition by 
applying a 1 kc/s sine wave to the microphone input socket. 
This will fully modulate the r. r. carrier and the cathode ray 
tube trace will double in amplitude. If the oscilloscope 
horizontal time base is switched on and the speed adjusted 
to some multiple of the 1 kc/s modulating frequency, the 
r.f. modulation envelope will be displayed. 

The carrier and the sidebands are quite separate from each 
other and can be received independently. As all the com
ponent frequencies of the transmitted wave are r.f. (two 
sidebands and a c:irrier) on different frequencies, they get 
"in and out of slep with each other" and the resultant is 
the modulalitm cnvclo1>e. 

The diagram in l<ig. 10.64 is a graph of voltage plotted 
against time-it would be equally valid if it were a graph of 
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current through the 100 ohm load plotted against time. It is 
convenient to think in terms or voltage because the oscillo
scope is the only instrument that will show the transmitter 
output as a visual presentation, and an oscilloscope is a 
voltage operated device. Considering the single audio cycle 
of the modulation envelope shown in Fig. 10.64, at the left 
hand side of the diagram at point A the carrier voltage is 100 
volts and the current through the load is 1 amp. One-four
thousandths of a second later at poiat B, the r.f. cycles arc 
zero- the voltage across the load an4lI1e current through it 
are also zero. During the next two..fbousandths of a second 
the r.f. cycles increase in amplitude until they reach the crest 
of the envelope al point C. During this period of time the 
individual r.f. cycles occurring have twice the original carrier 
amplitude and the voltage across the load has doubled, 
therefore as P = Ee;J~ the power output of each cycle or 
r.f. energy at the modulation crest is four times the unmodu
lated carrier power- this is the peak envelope of the 
transmission, the p.c.p. output, and this is 400 watts. It is 
also important to appreciate that the p.e.p. output is a real 
power r.m.s. value. The voltage across the load is 200 volts 
r.m.s. , and the current through it is 2 amps r.m.s. The 
product of these t1ro is 400 watts of effective po11·er. One
two-thousandths of a second later the cycles of r.f. have 
reached point Din Fig. 10.64, and the transmitter output is 
again zero. 

The method of finding the effective (r.m.s.) value is to take 
the peak r.f. values at many points over a complete cycle of 
audio alternation, square these values and then find their 
average, fi nally taking the square root of the value thus 
obtained. The part of the diagram between points Band D 
in F ig . . 10.64 is one complete cycle of the modulating fre
quency nncl is already divided into 25 cycles of r .f. It is then 
convenient to measure the individual lengtbs of these, square 
all the values obtained, add "them together aod divide by 
25 to find the average and then calculate the square root. 
This value will be found to be exactly 1 ·225 times the carrier 
amplitude, i.e. the effective (r.m.s.) value of the individual 
cycles of r.f. energy occurring within each cycle at the 
modulat ing frequency is I ·225 times the unmodulated carrier 
value. therefore an r.f. ammeter indicating I amp of current 
through the 100 o hm load will be expected to indicate u~d~r 
100 per cent modulation conditions, J ·225 amps, and this is 
exactly what it docs do. 

The output power is given by the formula P = 1:R, and 
substituting the values this becomes 1 ·225 squared + 100 = 
1·5 x 100 = 150 watts. 

The most satisfactory method of giving the operating 
conditions for valves designed especially for linear amplifier 
sideband service is that of p.e.p. inpu t and output ratings. 

Output Power of :i S.S.B. Transmitter using a Two 
Tone Test Input 

50 ohm dummy load (R) 75 ohm dummy load m) 

Curceut Menn P.E.P. Current !Vlean P.E.P. 
(l) Power output (l) Power output 

(amps) output (wlltts) (amps) ouput (waUs) 
(watts) (watts) 

0·5 12·5 25 0·5 19 38 
l·O 50·0 ' 100 1·0 75 150 
1·5 112·5 225 1 ·5 168·75 337·5 
2·0 200 400 1·63 200 400 
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POWER MEASUREMENTS 

Extract from tlie UK licence co11ditio11s governing 
s.s.b. operation 

Suppressed or reduced carrier single sideband systems 
The radio frequency output peak envelope power 

under linear operation from an A3A or A3J trans
mitter must not exceed that from an A3 transmitter 
working at an overall efficiency of 66 per cent when 
supplied with the appropriate maximum permitted 
d.c. input. The output power shall be measured, 
using an oscilloscope, by the following process: 

(i) Adjust the A3 transmitter output stage for class 
C working and apply a pure sinusoidal tone to 
the transmitter. With the cl.c. input power 
limited to the maximwn value appropriate to 
the frequency band concerned note the pcak
to-peak deflection on the cathode-ray oscillo
scope. 

(ii) Adjust the transmitter for single sideband 
linear operation and replace the tone by 
speech; the maximum deflection on the 
cathode-ray oscilloscope, showing the r.f. out
put caused by the peaks of speech, should 1101 
be grea ter than twice the previously measured 
deflection obtained with to11e input. 

As an alternative the following method may be used: 

Suppressed or reduced carrillr single sideband operation 
The radio frequency output peak envelope power 

must not exceed that from an A3 transmitter working 
at an overall efficiency of 66 per cent when supplied 
with the approp1iatc maximum permitted d.c. input 
power. The output power shall be measured, using a 
resistive dummy load, r.f. ammeter or voltmeter and 
oscilloscope, by the following method: 

(i) Apply two non-harmonically related sinusoidal 
tones• of equal amplitude to the s.s.b. trans
mitter, with the carrier fully suppressed, and 
adjust the input power to give a mean radio 
frequency output power under linear operation 
of200 watts (see Note l) when measured into a 
resist ive load by means of an r.f. meter (see 
Note 2). Under this condition note the peak
to-pcak def:lection on the cathode-ray oscillo
scope (see Note 3). 

(ii) Replace the toue by speech; tbe maximum 
vertical deflection on the cathode-ray oscillo
scope shall not be greater than the previously 
recorded deflection obtained with the two-tone 
input. 

Note (I) 200 watts mean radio frequency output power 
in the case of those bands limited to a maximum d.c. 
input power of J 50 watts; 66! and lH watts for those 
bands limited to a maximum d.c. input power of 50 
watts and 10 watts respectively. 
Note (2) In the case of v.h.f. and u.h.f. measurements 
the r.f. meter may be replaced by a crystal rectifier and 
calibrated meter; for s.h.f. measurements a bolometer 
may be used. 
Note (3) Jn the case of v.b.f., u .h.f. and s.h.f. measure
ments, this use of an oscilloscope may not be practical. 
Tn this case the test may be limited to a measurement 
of the mean radio frequency output power as out
lined io part (i) of the procedure. 

• A l \\O·IOnc oscill:ltor is descnl>cd in C ha pler 19-f\fca~u rc
mcna~. 
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Fig. 10.65. T ypical constant current characteristic• of the Eimac 4CXl508 Val ve,. 

The mean r.f. output power of 200 watts is equivalent to 
400 walls p.e.p. output when using a two tone test signal and 
can be measured with an r.f. ammeter in series with a resistive 
dummy load of k nown value. The power dissipated in the 
load is 1e R; i.e. the current squared multiplied by the value 
(in ohms) of the load, therefore the current in a 75 ohm load 
when running at maximum allowable output will be I ·63 
amps. For a load of 50 ohms the current will be 2 amps; 
other current readings can readily be converted to mean 
output power by the formula given above. 

R.F. AMPLIFIER ADJUSTMENT AND LOADING 

The tetrode ampli fier has the advantage of high power 
efficiency, together with good linearity and low harmonic 
output. It has become deservedly popular over the years as 
an s.s.b. power amplifier. For these reasons the following 
discussion in regard to r.f. amplifier adjustment and loading 
will be based on class AB I tetrode operation. 

Fig. 10.65 shows a set of constant current characteristics 
for a typical tetrode valve. These curves show the dynamic 
characteristics of the valve- that is, the instantaneous values 
of anode and screen current fo r any given grid and anode 
voltage conditions. 

Typical operating conditions for the 4CX250B valve are: 
v. I 500 volts; V,2 350 volts; v.1 - 55 volts; Ia (zero signal) 
100 mA. These values show that with an h.t. supply to t he 
anode of 1500 volts and a screen supply of 350 volts, the 
valve will require -55 volts grid bias and will draw a standing 
anode current of 100 mA. From these figures it is possible 
to mark the zero-signal operating point of the valve, corres
ponding to v. = 1500 and V,1 = -55 volts; this is shown 
in Fig. 10.65 by the point B. Tbis is the point at which the 
valve rests with zero-signal r.f. grid drive. 

At resonance the pi-tank circuit is a pure resistive load R 1, 
and this load can be represented by a straight line passing 
tl1rough point Band having a slope determined by the ra tio, 
voltage-swing/peak-current. 

As it is desired to operate in class ABl and not draw grid 
current, the control grid must not be driven positive and the 
peak r.f. drive must be restricted to a value that is slightly 
less than the bias voltage- it wiU be assumed that the peak 
r.f. grid drive is held at JOO volts peak to peak (e.g. + 50 volts 
on the positive half of the driving cycle, and -50 volts on 
the negative half of the driving cycle). When the peak grid 
drive is applied, the first positive half cycle will carry the 
valve operating point along the load line from B to A and 
back to 8 again. During this half cycle the grid-voltage 
swing from - 55 volts up to -5 volts and back again to - 55 
volts, has caused the valve anode current to swing from 100 
mA up to IOOO mA and back to 100 mA again. At the same 
time the anode voltage swings from 1500 volts down to 400 
volts. During the negative half cycle the control grid voltage 
will swing from - 55 volts down to - J 05 volts and the valve 
operating point will move down the load line from B to a 
point opposi te - 105 on the grid voltage scale and back to B 
again. The negative going grid voltage therefore swings the 
anode current down to cut-off for a small portion of the 
cycle, and the anode voltage continues rising up to 2600 
volts and back down again due to the fly-wheel action of the 
anode tank circuit. This half of the load line need not be 
plotted and is not important because the valve docs not 
" work " during the negative half cycle. 

The load line represents in graphical fom1 the dynamic 
characteristics of the valve-that is the instantaneous a node 
current and voltage at any moment of time- and it represents 
in graphical fom1 the load (Ri) into which the valve is 
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working. Its value in ohms is therefore the total voltage 
swing of tl1e valve anode (1 100 x 2) divided by the maximum 
instantaneous anode current (1000 mA). Expressed as a 
fom1ula this is; Rt = 2(V. - v. ,,u,.) divided by I. p<.Z· 

From this it is seen that the slope of the load lioe is determined 
by the ratio, voltage-swing/peak-current. A higher value of 
peak current would move point A higher up the graph and 
the slope A - B would be steeper. A lower value of /0 puJ: 

would,lbring point A farther down the graph and the slope 
A - B would be nearer to the horizontal. 

Driving and T u ning 

From inspection of Fig. 10.65 it is now possible to make 
the following deductions: 
(i) Reducing drive wj// reduce the length of the load line. 
(lf tbe r.f. grid drive is reduced to half, tbe grid voltage 
swings to only half the original peak-to-peak amplitude; the 
operating point B remains the same but the load line is 
reduced to balf its original length.) 
(ii) Detuning the tank circuit will tilt the load line i11 a 
clockwise direction. The load lioe will therefore have 
minimum slope at resonance. Note, however, that the moving 
point will still intercept essentially the same anode current 
values. It is clear from this that the anode current in a 
tetrode is not a good indicator of resonance (very little dip). 

It will be seen from Fig. 10.65 that the constant screen 
current lines arc concentrated in the upper left hand side 
of the graph and are tilted upwards at a steep angle. Also of 
no te is the fact that the screen current consists of zero or even 
negative va.lues in the off-resonance position (C - B), but 
al resonance is always positive. From this it is oow possible 
to make the third deduction : 
(iii) A peak in screen currelll i11dica1es tank circuit resom111ce. 
As the load line is confined vertica11y by the constant peak
to-peak amplitude of the grid driving voltage (two imaginary 
horizontal lines, one at -5 volts and one at -105 volts) 
during the rotation of the load line while tuning, ils length 
increases as resonance is approached and reaches a maximwn 
at resonance. As point A penetrates the heavy screen-current 
region Ille d.c. screen current rises ao.d the screen current 
meter indicates a sharp peak at resonance. 

Loading 

Once Ille tank circuit is tuned to resonance it presents a 
pure resistive load to the valve. However the value of this 
load is affected by the coupling to the external load (the 
aerial); increased coupling lowers the value of RL and the 
load line assumes a steeper angle. At this steeper angle the 
load line will not intercept tbe heavy screen current region 
to the same extent as it did before and the screen current will 
reduce. From this it is now possible to make the fourth 
deduction: 
(iv) Screen current will fall as loading is increased. During 
the r.f. driving cycle the valve operating point is continually 
moving through roaoy different instantaneous values of screen 
and anode current. The average of all tllcse values is what 
the d.c. meter in tbc circuit reads. For a linear amplifier 
valve operated in class ABl the d .c. meter reading is approxi
mately ooe--third of the peak value of current at the top of 
the load lioe. 

Tuning-up Pr ocedure 

It is now clear that the screen current meter is by far the 
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best indicator both of resonance and loading with a tetrode 
amplifier and should always be u sed in preference to the 
anode current meter. Of great importance is the rea lization 
that a linear amplifier loaded for maximum r.f. output 
indicated on an aerial ammeter or forward power meter is 
1101 sufficiently loaded to prevent flat topping on speech 
peaks. Loading must always be set to obtain a predetcnnined 
value of screen current under single-tone driving conditions 
to obtain as nearly as possible a given set of da la sheet 
conditions as given by the valve manufacturer. lf data sheet 
conditions are not available it is essential to examine the 
modulated envelope on an oscilloscope. 

Due to the inertia of the movement the anode current 
meter cannot follow at syllabic rate. It is therefore normal 
on voice peaks for the anode current meter to read no more 
than half the true maximum value. This means that an 
amplifier should never be talked up to more than half of the 
maximum signal single-tone anode current reading. 

T uning-up should be undertaken with the transmi tter 
output connected to a non-inductive dummy load and after 
matching the manufacturer's data sheet conditions the output 
should be transferred to the aerial feeder. A change in 
meter readings indicates a small amount of mismatch 
(standing wave on the lioe) and it should be possible to 
correct this with a further small adjustment to anode tuning 
and loading capacitors. The amplifier is now ready for 
speech operation, and after removing the carrier or tbc 
inserted tone and re-connecting the microphone, ta lk into 
the microphone in a normal operating voice level and adjust 
the exciter r.f. drive control for the highest level tha t is 
possible without drawing grid current on voice peaks or flat 
topping (check this with the oscilloscope). 

T he Two-tone Envelope 

A single tone input to an s.s.b. transmitter drives the 
linear amplifier at one frequency. T he amplifier ou tput is 
a purcc.w. signal exactly the same as the output ofa telegraph 
transmitter under key-down conditions. As such it is possible 
to ascerta in by meter readings the performance of the ampli-
6cr at maximum signal (p.e.p.) conditions. Information on 
the linearity of the amplifier is, however, lacking. 

l n order to study linearity thoroughly by observation of 
the amplifier output, some means must be provided which 
will vary the output level from zero to maximU!l1 signal with a 
regular pattern (Fig. 10.66) that is easily interpreted. A 
simple means of obtaining an output signal is to use two 
audio tones of equal amplitude to modulate the sideband 
transmitter. The r esultant (or beat between U1e two r.f. 
signals) produces a regular pattern which, when observed on 

Fig. 10.66. 0 1cillo1cope pat,. 
tern o f a two-tone te• t sianal 
us e d for .. 11 1n l ng linear 

a m plifiers. 



an oscilloscope, has the appearance of a carrier 100 per cent 
amplitude modulated by a series of half sine waves, as shown 
in Fig. 10.67. 

Because the pattern is produced by adding two pure sine 
waves, it is known as the two tone test signal. As it is merely 
a double sideband suppressed carrier signal in another guise, 
it may be generated in a phasing exciter by disabling one of 
the two balanced modulators and applying a siDgle audio 
tone to the input of the speech amplifier. In the filter exciter, 
the same result may be produced by applying single tone 

(a) 

(b) 

(c) 

(d) 

Fig. 10.67. Typical heterodyne waves, showing how the c.ombinin& of 
two waves of slichtly different frequenc;ies result• in a. w av• which 
pulsates in amplitude at the difference frequency of the component 
wave:s, and how the wave shape of the envelope or the rcsula.nt wave 

depends upon the relative amplitudes of the two component.I. 
(c) Shows the famili:ar half.·sine-wave two·tone te..st pattern. 

modulation and reinserting carrier of exactly the same amp
litude as the s.s.b. signal passed through the filter. It is not 
necessary to go to the trouble of building an audio oscillator 
to give output at two separate frequencies. 

To the sideband operator the two-tone envelope is of 
special importance because it is from the envelope that the 
power output from an s.s.b. system is usually determined. 
An s.s.b. transmitter is rated in p.e.p. output with the power 
measured with a two equal-tone test signal. With such a 
signal the actual walls dissipated in the load are one-half the 
p.e.p. 

The generation of this two-tone envelope can be shown 
clearly with vectors representing the two audio frequencies 
as shown in Fig. 10.68. When the two vectors are opposite 
in phase the envelope voltage is zero. When the two vectors 
are exactly in phase, the envelope value is maximum. This 
generates the half sine-wave shape of the two-tone s.s.b. 
envelope which has a repetition frequency equal lo the 
difference between the two audio tones. 

When the half sine-wave signal is fed into a load, an r.m.s. 
calibrated cathode ray 0scilloseopc across the load indicates 
the r.m.s. value of the peak envelope voltage. This c.r.o. 
deflection is equal to the in-phase sum of VJ + V2, where 
VJ and V2 are the r.m.s. voltages of the two tones. Since 
VJ = V2, the p.e.p. = (2Vl)2/R or (2V2)'/R. The mean 
power dissipated in the load must equal the sum of the 
power represented by each tone, Vl'/R + V22/R = 2VJ2/R 
or 2V2l/R. Therefore, with a two equal-tone s.s.b. test signal, 

SINGLE SIDEBAND TRANSMISSION 
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V2 
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V2 -~ 
VI 
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:~::[Lj 
fll1. 10.68. Power me;uuromcnt from two-tone , ...... b. te.:t aignal. 

the mean power dissipated in the load is equal to 0·5 of the 
p.c.p., and tbe power in eacb tone is equal to 0·25 of the 
p.c.p. The peak envelope power can be determined from the 
relationship, p.e.p. = V2(c.r.o.)/R. The mean power can be 
determined from the relationship, P,_. = iV:(c.r.o.)/R. 
Similar mcasurcmeots can be made using an r.f. ammeter in 
series with the load instead of the c.r.o. across the load. The 
analysis can be carried further to show that with a three 
equal-tone s.s.b. test signal, the power in each tone is one
ninth of the p.c.p., and the mean power dissipated in the load 
is one-third the p.e.p. ; with a four equal-tooe test signal the 
power in each tone is one-sixteenth of the p.c.p., and the 
mean power is one-quarter the p.e.p. and so on. 

Practical Adjustment Procedure 

When a l.incar amplifier bas been built and given a pre
liminary check for accuracy of wiring, the following pro
cedure is recommended: 
(i) Apply reduced potenlials to anode (and screen if applic
able) and adjust the bias so that the valve is running at tbe 
maximum permissible anode current-this will be just within 
the maximum rated anode dissipat ion. Check that there is 
no trace of self-oscillation at the required operating frequen
cies, or of parasitic oscillation at v.b.f. Correct neutralization 
is infinitely more important in a class AB amplifier than in a 
class C stage used for telegraphy or A3 telephony. This does 
not apply to a passive grid amplifier where the heavy grid 
damping makes neutralization unnecessary. 
(ii) Increase applied potentials to the values recommended 
by the valve manufacturer and adjust the grid bias voltage 
so that the valve is taking tbe recommended zero signal anode 
current. If this is not known, adjust the bias so that the 
standing anode current is just within the rated maximum 
anode dissipatio11. Make sure that the neutralization is 
effective and the amplifier perfectly stable, no matter bow the 
grid and anode tuning controls may be set. 
(iii) Couple an oscilloscope to the output tank inductor by 
mca.ns of a link and coaxial cable. Connect a non-inductive 
resistive load of 75 or 80 ohms capable of dissipating the 
full mean power output to the output tank and fully mesh 
the loading cnpaeitor: this corresponds to minimum loading. 
(iv) Switch the exciter to the lowest band and with a 1 kc/s or 
I ·5 kc/s audio input from an audio signal generator into the 
microphone socket, adjust the audio gain aod carrier 
injection controls so that the exciter drives the linear amplifier 
with two frequencies of equal amplitude (two-tone output). 
If there is no provision for carrier insertion, it will be neces
sary to use a two-tone oscillator-see Chapter 19. 
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(v) Adjust the exciter r.f. drive control, the amplifier anode 
tuning and loading together until an undistorted pattern 
of maximum amplitude is obtained at the maximum d.c. 
input permitted by tbc valve manufacturers' ratings for 
two-tone input conditions. If two-tone test data is not 
available, a value of 0·7 times the permitted d.c. maximwn 
signal current for single-tone input may be employed. 
The correct tuning point for anode resonance is indicated by 
a sharp increase in screen current and a dip in anode 
current- this position of the anode tuning control should 
coincide with maximum r.f. output. If it docs not, the 
maximwn r.f. output occurs at some other position of the 
anode tuning control this indicates that the valve is not 
correctly neutralised and the n.c. requires slight rc.'ldjustment. 
(vi) U the amplifier is capable of delivering more than 400 
watts p.e.p. output (200 watts mean) to the load, the face of 
the oscilloscope should be calibrated a t the 200 watts mean 
r.f. output level by inserting an r.f. ammeter in series with 
the resistive dummy load as previously described in tlic 
section" Output Power of a S.S.B. Transmitter using a Two 
Tone Test Input." 

(o) ( b) (c) 
Fig. t0.69. O scilloscope pattorns of the output of a linear amplifier 
w ith two .... tone t ost input; (a) amplifier c;orroctly adjusted; (b) peakt 
nattencd because of in1ufffcicnt anodo lo3 ding or overdrive; (c) 
distortion at cross~over points because of incorrect bi:u volta1e. 

(vii) Examine the " cross-overs " on the oscilloscope critic
ally. They should be sharp as in Fig. 10.69(a). If, however, 
they appear compressed as in Fig. 10.69(c) the bins should 
be adjusted until they arc correct. With suitable vnlves this 
type of distortion should not give trouble, but if it persists 
the bias supply should be suspected. A flattening of the 
envelope peaks as in Fig. 10.69(b) indicates insufficient 
loading (loading is increased by red11ci11g tbe capacity of the 
output pi-network capacitor) or overdriving the amplifier 
beyond its maximum signal capabilities. T his condition 
produces severe splatter and distortion on the transmitted 
signal and must be avoided. 

Whenever possible the manufacturers' figures for anode 
and screen current for maximum signal two-tone input 
conditions should be used and the drive and loading adjusted 
to obtain these readings on the ampl ifier panel meters. (This 
procedure is descn'bed in detai l under the heading, "R.F . 
Amplifier Adjustment and Loading.") 
(viii) The exciter carrier injection control sboulcl be returned 
to its zero setting and the audio input from tl1e audio signal 
generator removed. Insert the microphone and drive the 
linear amplifier under normal speech conditions to the 
maximum deflection on the oscilloscope previously observed 
under two-toue input conditions ; while doing this the readings 
to which the anode and screen current meters kick should be 
carefully noted. Thereafter, the gain of the exciter should 
be controlled so that the recorded values are not exceeded, 
otherwise intermodulation distortion and splatter wi ll result. 
As the tuning of a correct ly loaded amplifier is raU1cr flat, tl1e 
anode current dip is not so pronounced as with a class C 
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stage. The screen current on the other hand, will rise to an 
unmistakable peak as the anode circuit is tuned to resonance. 
Il should be remembered that the anode and screen meters 
cannot follow the syllabic rate because of tlie inertia of the 
meter movement-an amplifier loaded to 200 mA under 
single-tone conditions will show 14-0 mA under two-tone 
input conditions and approximately 100 mA uader speech 
conditions, for the same peak envelope power output. Never 
talk the amplifier up to a peak current swing (as seen on the 
anode current meter) that is more than half of the loaded 
current (single-tone) value. 

Summary of Basic Formulae 

Symbols 
The following symbols will be used in all formulae given 

below. 

VOLTAGE 
v. 
v. ,..,, 

v,. .. 
v,, .. 

CURRENT 
I. 

I. peok· • 

RESISTANCE 
RL 
R OUI 

POWER 
P.e.p. input . . 

P.e.p. output 

p..,, ...,.. 

P. 
P,, 
P91 

MISCELLANEOUS 

K 

Eff .. 

D.C. anode voltage 
Instantaneous anode voltage at the 
peak of the r.f. grid driving cycle. 
D.C. screen voltage. 
D .C. grid voltage. 

D .C. anode current tas read on 
anode current meter). 
Instantaneous anode current at the 
peak of the r.f. grid driving cycle. 
Static anode current (resting anode 
curren t under zero drive condition). 
D .C. screen current. 
D .C. grid current. 

External anode load resistanc!. 
External aerial load resis tance 
(normally 75 ohms). 

Peak Envelope Power input. This 
is the r.m.s. power input at the 
crest of the modulation cycle. 
Peak Envelope Power output. 
This is the r.rn.s. r.f. power output 
at the crest of the modulation 
cycle. 
Average, or mean r.f. power out
put under modulating condi tions. 
Anode dissipation. 
Screen dissipation. 
Grid dissipation. 

Constant whose value depends on 
the angle of a.node current flow. 
(For 180° K - 3·14; for 200° 
K = 2·88). A useful figure for 
quick calculation is a value of 
K = 3·0. 
Anode efficiency. 



Basic Formulae 

P.E.P. input 

P.E.P. output 

Si11gle-to11e /11p111 Test Signal 

D .c. anode current I. 

Anode Input Watts and 
p.e.p. 

Average Oulput Watts 
and p.c.p. 

Anode Efliciency (EfT) % 

Two-tone /11p111 Test Sigual 

D.C. anode current I. 

Anode Input Walts 

Average Output Watts 
(P Ctlll "14'.IJH) 

Peak Output Watts 
(p.e.p. output) 

=V.x/0 

_ l (V0 - v •• .,.,) 
- • p<llk 4 

= 2 ( V. - V0 mw) 
1. ,,.ak 

_ 1.,,..k x v. 
- K 

_ l (V. - V0 ,.,,.,) 

- optak 
4 

p.e.p. ~11tp11t x IOO 
p.e.p. mp111 

= K (V. - V.m1.) 
4 x v. 

2 x '· -~ 
K" 

2 x 1. ,,.ok x v. 
K2 

= I (V. - V • •• 1.) 
• p«lk 8 

(V0 - V0 ,.1..) 

= I . p<d1< 4 

'· x v. 

Anode Efficiency (Elf) % = (~)2 

x (V. - v • .,;.) 
4 v. 

cs 
0·01 '.! 

p ... ,.,.. 100 
= 1. x v. x 

C4 
0·01 

Fig. 10.70. Typi cal class A r.f. linear amplifier. For operating 
conditions, see Table 10.7. 

SINGLE SIDEBAND TRANSMISSION 
LINEAR AMPLIFIERS 

There are maoy different linear amplifier circuits, all 
capable of giving satisfactory service. The final cboice is 
purely a personal one ancl will depend on the individual 
requirements in regard to such things as maximum power 
output, availability of valves and components and preference 
in regard to the use of high voltage (2000 to 3000) or low 
voltage (700 to 1250) from the main power supply. The 
circttits in this section have been chosen in such a way as to 
cover the broad field from 100 watts p.e.p. output up to the 
UK licensed maximum of 400 watts p.e.p. output, and at the 
same time to show as many different basic methods of 
operation as possible. 

The Class A Linear Amplifier 

The class A linear, of which a representative diagram is 
given in Fig. 10.70, will be seen to bear a strong family re
semblance to the r.f. and i.f. amplifiers in receivers. Care 
must, however, be taken not to presume too far upon this 
relationship, othenvise trouble in the form of unexpected 
<listortion may result. A true class A stage must be so biased 
and driven that the valve operates at all times on the linear 
part of its characteristic curve. The r.f./i.f. amplifier is 
essentially a small-signal amplifier; that is, the signal applied 
to its grid is only a fraction of a volt, so the valve will operate 
linearly no matter how it is biased. Furthermore, the stage is 
not required to produce any power and works into the 
constant load provided by the grid of the following stage. I o 
s.s.b. service few class A stages work under SLtch favourable 
conditions. They are usually called upon to produce a 
reasonably large voltage swing, and perhaps several watts of 
output power as well. If they are to drive a class AB2 stage, 
the loading will require some kind of stabi lization to mini
mize fluctuations. There is, therefore, limited scope for small 
receiviog valves in s.s.b. linears. It pays to follow the lead of 
the designer of high fidelity audio equipment who customarily 
builds an amplifier of far higher power handling capability 
than is really needed. By underrunning valves, the problem 
of distortion is avoided. 

Cathode bias will necessarily result io negative voltage 
feedback which will reduce the power and amplification 
obtainable from the stage. If it is essential to obtain 
maximum performance, fixed negative bias should be applied 
to the grid. 

The efficiency of a practical class A stage varies from zero 
under no-drive cond.itions to about 30 per cent at full input 
which means that the maximum output is limited to some
thing less than one-third of the rated anode dissipation of the 
valve used. Provided that the internal insulation is built to 
stand it, operation at high voltage and low current will give 
greater efficiency and better linearity than low voltage and 
high current. It is impossible to list recommended operating 
conditions for all suitable valves under all circumstances, but 
Table J0.7 gives a representative set of typical working con
ditions for the valves already mentioned. Suitable conditions 
for valves not included in the table may be deduced from the 
audio frequency power amplifier ratings given in manu
facturers' charncteristic sheets. 
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TABLE 10.7 

Typical oporatinc conditions or a representative selection of r.f. tetrodes and pentodcs: in chus A linear arnplifier service. 

I 6AU6 I EF89 I 6CH6 I 6CL6 EL84 5763 6146 I 807 

v. 250 volts 250 volts 250 volts 300 volts 250 volts 300 volts 500 volts 500 volts 
1. IOmA 9mA '40 mA 30mA 48mA '40 mA '40 mA SO mA 
v,, 150 volts 100 volts 250 voles 150 volts 250 volts llS voles ISO voles 200 voles 

4·S mA 3mA 6mA 7mA 5·5 mA 2·4 mA 2mA 1·6 mA 1:1 v,, - 1 volt - 2 volts -4·S voles - 3 volts - 7·5 volts - 7·5 volu -n volu -IS volts 
Rt 68 ohms 180 ohms 100 ohms 82 ohms 135 ohms 175 ohms 470 ohms 280 ohms 

Tho fixed bi;u volcaae and the cathode resistor in the ublc ~bovc arc~ ;iltcrn:a.tivet. 

The construction of a class A stage follows common 
practice; input and output circuits sbould be well shielded 
from one another lo prevent self-oscillation, and high fre
quency parasitics should be eliminated by tbe generous use of 
stopper resistors. lf oscillation at operating frequency should 
prove troublesome, the capacitance bridge neutralizing 
arrangement will provide a sure remedy. 

Class AB Amplifiers-Triodes 

Although it would be technically possible to achieve 
sufficient output for amateur purposes by using class A 
amplifiers exclusively, the result would certainly be un
economical. Greater efficiency is essential in any practical 
transmitter, and this may be obtained by operating the high 
level stages in class AB or class B. For the purposes of this 
chapter, the precise shade of difference between a class AB 
amplifier and a true class D stage is unimportant and will be 
ignored. 

When examining the ratings of power valves, it is impor
tant to note that the efficiency and typical operating condi
tions occasionally quoted for r.f. amplifier service in valvedata 
sheets refer to the amplification of carrier type a.m. wave
fom1s and are not directly applicable to s.s.b. use. The linear 
amplifier is a variable efficiency device: its efficiency in the 
absence of d.rive is zero, rising in a regular mauoer to be
tween 50 and 75 per cent at maximum drive. The greatest 
efficiency obtainable depends on a number of interdependent 
variables, as well as upon the valve itself, but 66 per cent may 
be taken as rough generalization. The figures given in 
manufacturers' literature relate to d.c. measurements under 
conditions of no modulation; on modulation peaks, input 
and efficiency double, and in troughs both drop to zero. In 
s.s.b. service there is no carrier to provide a reference point 
against which to strike an average, so peak input and peak 
power handliog capacity are the standards of measurement 
nom1ally used. Convcnicotly enough, these standards are 
used by manufacturers themselves when rating valves for 
audio frequency Ji.near amplifier service. When available, 
these audio ratings provide a more convenient guide as to 
what may be expected in an r.f. linear than any other 
published data. 

In theory, any r.f. valve may be used as a class AB or 
class B linear, but there are a number of external factors 
which narrow tbe field considerably. Except in the special 
case of the zero-bias triode, fixed negative bias is essential, 
and if the stage is driven into grid current the voltage must 
have excellent regulation so that it does not vary over any 
part of the input cycle. Dry cells are inexpensive and may be 
used if the amount of grid current flowing th rough them is 
strictly limited. At high values or reverse current any battery 
will quickly develop enough internal resistance to cause the 
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instantaneous bias voltage to fluctuate with ioput. The life of 
the cells uudcr such condi tions would be uneconomicaUy 
sbort. Battery bias is therefore restricted to tetrode and 
pcntode stages. 

Most important of a ll is the effect of tbe amplifier on the 
preceding drive stage. With any valve which draws grid 
current over only a part of the input cycle, the onset of grid 
current will cause t11e load presented to the driving stage to 
fall from something approaching iDfinity to a fairly low 
value. Wide fluctuations in loading would have a disastrous 
effect on the linearity of the driver so some way has to be 
found to minimize the vari:1tion. The most practical method 
is to load the driver with a resistor chosen to dissipate at 
least ten times the peak load presented by the driven stage. 
1n this way the load on tlie driver increases only JO per cent 
at the onset of grid current, and distortion is kept within 
boW1dS. Resistive loading gives rise to no difficulty with 
tetrodcs or peDtodcs, which require a watt or less of driving 
power, but rules out low-mu triodes, which would need far 
too large a driver stage to make them either practical or 
economical. 

One possible way to use low-mu triodes is to bias them to 
cut-off and to adjust the drive so that they will not operate 
beyond the negative grid-voltage region; that is, in class ABI. 
The peak efficiency in th is mode o r operation is only 40-50 
per cent, because the peak current which tbe valve can draw 
at zero grid voltage is rela tively low. A high voltage bias 
supply has also to be provided. Zero bias triodes such as the 
805, 8J I and TZ40 are a much more favourable proposition. 
As grid current flows throughout the whole of the driving 
cycle, the load presented to the driver d11ri11g tlte time at 
which it is de/frering power is virtually constant. 

Fig. 10.7 1. Waveforms at grid and anode of a c:lass B zero bias linear 
ampliflor. 



Fig. 10.71 shows a zero bias triode driven by a pure siue 
wave. Only that porlion of the driving waveform which is 
depicted by the solid line can, however, result in r.f. output; 
when the driving signal enters the region represented by the 
dotted line the valve is cut off, and the positive excursion of 
the output waveform is provided by lhe flywheel effect in
herent in the anode tank circui t. As the valve itself is cut off, 
it cannot produce intermodulation distortion, and it isolates 
its output circuit from any distortion which may occur in the 
driver stage because of the change in loading. Some distor
tion close to the cross-over point is, of course, inevitable, but 
practice has proved that this bas negligible effect on the 
signal. It is the distortion at maximum input which causes 
trouble. 

Triode valves have the disadvantage in r.f. amplifier service 
of requiring neutralization which is more difficult to accom
plish in a class AB amplifier than it is in a class C amplifier 
because of the higher power gain. In order to ensure that 

TABLE 10.8 
Recommended opera.ting conditions for two type 805 triodes in 
cl~ss B push-pull "Zero bias. 

D.C. anode volts 
Gr-id cxcitottion- peak·to--pc;ak 
Anode curront-xoro signal 
Anode curront- m;iximum signal 
Grid driving powcr- m:tximum slcnal 
Anode- input- rn:iximum signal 
Power output-maximum slgnnl 
Anodc·to~;i.nodc load 

1250 volts 
235 volts 
148 mA 
400 mA 

6 w:uu 
500 watts 
300 wam 

6700 ohms 

neutralization is effective and the amplifier stable on all 
bands, both the theoretical circuit and the physical layout 
must be syrru11ctricnl. For this reason tbe valves should 
preferably be operated io push pull as shown in Fig. 10.72 
with a balanced taok circuit instead of the more usual 
parallel operation with a pi output network. 

The 805 was originally designed as a high quality class B 
audio amplifier, and it is difficult to find a better valve for 
linear service at peak outputs up to 150 watts. A pair in 
push-pull (or parallel) will deliver 300 waits and require only 

SINGLE SIDEBAND TRANSMISSION 
TABLE 10.9 

Anode and grid circuit values for push·pull xcro-bias class B 
amplifier usinc eype 805 triodes. 

Anode Grid 
Band 

c L c L 

3·5 Mc/s 200 + 200pF 20 turns CT 300 + 300pF 32 turns CT 
7Mc/s 100 + IOOpF 14 turns CT 150 + ISOpF 20 t urns CT 

14 Mc/s 55 + SSpF 8 turns CT 75 + 7SpF 12 turns CT 
21 Mc/s 35 + 35pF 8 turns CT 50 + SOpF 12 turns CT 

double spaced double spaced 
28 Mc/s 25 + lSpF 6 turns CT 40 + '1-0pF 10 turns CT 

double sp:<ced double sp>ced 

An.ode induc-tors arc wound on Eddystone or similar li in. diam. ccnmic 
formcn. The 21 and 2B Mc/s coils should be double sp•ccd, 2nd bccouso 
st ray induccanco has an appreciable cflccc at chcsc frequencies. pruning 
m;Lr be ncccs.sary in individual cases. 
GrJd inductors arc wound on i in. or I in. di:&mcccr formers, chrcJded 
20 or 21 turns per inch. 
Capacicor settings a.re 0 in use., values and include valve a.p;a.cicancc.s :and 
circuic strays. 

6 watts of driving power, which can be supplied fairly com
fortably by a single 807 in class A. The circuit diagram is self
expla11atory, but the factors governing the design of the 
various tank circuits will be examined in detail so that those 
wishing to adapt the design for use with different valve types 
may be able to do so without difficulty. The makers' recom
mended operating conditions for the two in push-pull are 
given in Table 10.8, from which \vill be seen that the optimum 
load for highest undistorted output is 6700 oluns. An output 
circuit Q or about 15 is desirable whiclt necessitates that the 
reactance of both t11e tank capacitor and the inductor at 

all 
6700 . ( resonance sh be ls or 430 oluns apµroxtmately see page 

10.36). The required tank capacitance may easily be calculated 

from the form ula Xe = Z~fC This is, however, the total value 

of C3 and C4 in series, so the value of each half of the split 
stator capacitor requires to be double that obtained by calcu
lations. Suitable values for all amateur bands from 3·S to 28 
Mc/s are given in Table 10.9, together with coil winding 
instructions based on the Eddystone 2~ in. diameter ceramic 
formers. 

r-~~~~~-oHT+ 
1250V 

Fig. 10.72. Z ero bias tri ode linear amplifier employing two 805 tri~ 
odes in push·pull. For circ:u it values not shown above, see Table S. 
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If a different type o f valve is used, ii is advisable lo obtain 
the manufacturer's recommendation about anode loading, 
and to calculate capacitor and inductor values in the manner 
demonstrated. Loading information is readily available for 
most of the valves likely to be encountered, but if it should 
prove difficult to locate for any particular valve, it can be 
calculated by the methods already discussed under the 
heading "Theory o f Linear Amplification" on page 10.28. 

The calculation of circuit values for the grid tank mny be 
performed in exactly the same manner as for the anode 
circuit, and the results will be as shown in Table I 0.9. Some 
manufacturers do not quote the grid load impedance in 
direct form, but for zero-bias valves this may be calculated 
from the stated grid driving-power and peak grid-to-grid 
input voltage by means of the simple formula 

R _,..._ (Peak Input Vo/tage)2 

ptd - 2 x Driving Power 

The relatively large values of capacitance for the grid 
circuit are neither the result of miscalculation nor misprint; 
they arise from the characteristics of the valve under con
sideration. A two-gang receiving type variable capacitor will 
probably be found more convenient than a standard trans
mitting component, for under no circumstances should the 
tabulated values of capacitance be reduced, because the 
proper operation of linear amplifiers in general is vitally 
linked with the choice of correct component values in the 
tuned circuits. 

Class AB Amplifiers Employing Tetrodes 

The tetrode o r pentode linear amplifier has become 
deservedly popular because it is capable of a much higher 
power gain than comparable triode valves. In the passive 
grid circuit nrrangcment it does not require neutralization 
aud construction is thereby simplified. 

A 9 MC/S PHASING EXCITER 

T he circuit shown in Fig. 10.73 is a development of the 
S.S.B. Jn, designed by D. E. Norgaard, W2KUJ. Optimum 
performance is ensured in the modified circuit here presented 
by carrying out the r.f. phasing at a crystal controlled 
frequency of 9 Mc/s. An external v.f.o. at about 5·25 Mc/s 
enables output to be obtained in eitber the 3·5 or 14 Mc/s 
band. There is no particular disadvantage in generating the 
initial s.s.b. signal at a fixed frequency, because band 
changing must be effected by a heterodyning operation in 
any event. ln common with all other forms of amplitude 
modulated telephony, band changing by frequency multipli
cation after modulation has been applied is out of the 
question. In the exciter shown in Fig. 10.73, the application 
of a heterodyning signal from the v.f.o. at 2, 12 or 20 Mc/s 
will result in output in the 7, 21 or 28 Mc/s bands respectively. 
The tuoecl ci rcuits in the mixer and amplifier stages will, of 
course, have to be appropriately modified. 

T he audio amplifier consists of a 12AT7 (VI), with the 
two halves of the valve in cascade feeding into the first half 
of V2. Low frequency response is reduced by appropriately 
chosen coupling capacitors, and the low-pass audio filter 
which is interposed between Tl and the phase-shift network 
gives a high frequency cut-off which will be appreciated by 
other operators because of the resulting reduction in splatter. 
The inductors L9 a nd LlO may be adapted from standard 
television width-control coils, which should be adjusted to 

SINGLE SIDEBAND TRANSMISSION 

resonate at about 3200 c/s with a O· l µF capacitor in parallel. 
The minimum inductance varies from one manufacturer to 
another and with some types of coil it may be necessary to 
remove turns before resonance at a high enough frequency 
becomes attainable. The audio phase shift network is 
identical to that already described in Fig. 10.23. The input 
potentiometer VR2 should be a carbon-track component 
(not wirewound) and should be set initially with the aid of an 
ohmmeter so that the ratio of resistance either side of the 
slider is close lo 2 : 7. tr the component measures exactly 
500 ohms, appropriate meter readings will be I JO and 390 
ohms. When this potentiometer has been set it should be 
sealed and forgotten, all subsequent audio balaoce adjust
ments being made by VR3. Standard transformers designed 
to feed a 15 ohm speaker are ideal for use at T2 and T 3. 

Phase shifting at r.f. is a~mplished by the coupled 
circuits L l CJ and L2 C2 in the anode circuit of the crystal 
oscillator valve Y2b. 

The s.s.b. output at 9 Mc/s is link coupled from the tank 
circuit of the double balanced modulator to the signal input 
grid of the 6BA 7 pen ta grid mixer V 4. The mixer is con
ventional except for the trap circuits in the screen and anode 
circuits which attenuate the third harmonic of the 5 Mc/s 
v.f.o. so that it will not cm1se a spurious radiation when 
operation in the 14 Mc/s band is required. U a grid clip 
osciJlator is available, it will be found useful in setting the 
traps to frequency. 

Coil winding detail.s for all bands from 3·5 to 29·7 Mc/s 
are giveo in Table 10.10. If desired a band switching coil 
pack may be substituted for the individual coils indicated in 
the circuit diagram. The table also includes winding data 
fo r the tuned circui ts in the output stage. This stage, which 
uses a 6CL6 miniature high gain pentode, follows normal 
practice, and is capable of providing enough excitation for a 
class ABl linear amplifier. 

TABLE 10.10 
Coil w inding data fo r Class A amp lifier stage of phasina e xciter 
shown in Fig. 10.73. 

Grid Anode 

Band Turns 0 1:\nl. Length Turns Diam. Length --- ---
J·S Mc/s 60 . fin. I in. JO I in. If in. 
7 Mc/s 30 i in. I in. 20 I in. I! in. 

14 Mc/s 16 i in. I in . n. I in. If in, 
21 Mc/s 9 l in. I in. a I in. I in. 
28 Mc/s 7 I in. I in . 6 I in. I in, 

• The 3·5 Mc/s ' rid inductor should be shunted by • fixed silvercd -
mie:a. capacitor o 50-75 pF. • 

All coils ;i;re wound with 28 s.w.g. enamelled copper wtr·a. 

Alignment 
Alignment is straightforward, but it does call for a certain 

amount of reliable test equipment. An oscilloscope is 
essential but it need not be expensive or complicated. A 
simple instrument will be found adequate. A valve volt
meter capable of making r.f. and a .f. measurements is also 
highly desirable, :mcl like the osciJloscope, an inexpensive 
home constructed instrument will be just as effective as a 
highly priced commercial one. Finally, a simple audio 
oscillator capable of generating a good sine wave a t about 
1000 c/s will be found extremely useful. Suitable instruments 
are described in Chapter 19 (Measurements.) 
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initially, adjust both tuned circuits in the ano~e of the 
9 Mc/s oscillator, V2b, for maximum r.f. output; this may be 
checked with the valve voltmeter probe connected to each 
link winding LI a and L2a, in turn. Set the dust cores of L3 
and IA for maximum 9 Mc/s output at the anode of V4. A 
4-5 volts signal from the v.f.o. should be satisfactory. 
With the v.f.o. set to 5·25 Mc/s, plug in the 3·5 Mc/s band 
coils and Lune L7 and L8 for maxilmun r.f. This may be 
monitored conveniently by connecting tbe oscilloscope to the 
output link winding on L8. Adjust tbe oscilloscop~ gain to 
give a display of about 2 in. in height, and set the time base 
speed to a sweep rate of appr?ximat~ly 200 ~/s. 

At this point, no sideband signal will be going through the 
exciter and the oscilloscope deflection will be caused by the 
9 Mc/s oscillator drive to the mixer beating with Uie 5·25 
Mc/s v.f.o. input to produce a continuous r.f. output at 
3·75 Mc/s. On the oscilloscope this will look like a c.w. 
signal- that is a smooth band of light. The two carrier 
balance controls are then adjusted to reduce this band of 
light to the smallest possible height (a thin horizontal lioe). 
The carrier is now balanced and there is no r.f. output from 
the exciter. 

An audio signal of a fraction of a volt at IOOO c/s is next 
applied to the microphone input socket, care being taken not 
to overload the first two amplifier stages. This means that the 
volume control VR I is turned fully to maximum gain and 
adjustment or audio level is undertaken al the audio oscillator 
itself. 

The exciter is now producing a double sideband signal, 
and on the oscilloscope this will look like the pattern shown 
in Fig. 10.74(n). The oscilloscope method or adjusting a 
phasing transmitter is basea on the principle that a pure 
audio tone driving a perfect s.s.b. exciter, will produce only 
one r.f. signal- the desired sideband. On the oscilloscope 

Fig. t0.74. 
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(a ) 

( b) 

(c) 

DESIRED 
SIDEBAND UNDESIRED 

CARRIERSIDES7 \ 

i-1 kc/s .j j' 
f.--2 kc/< -

CARRIER AND 
UPPER SIDEBAND 

SU~RESSED) 

O scilloscope patterns for assessment of unwanted 
s id cb:md and carrier supproHion . 

_j_c: A "T 
T B 

_j_ 

RATIO A: B 

I : IO 
I: IS 
': 20 
I: JO 
I: 50 
I: 100 

APPROX 
SUPPRESSION 

20d8 
24dB 
26dS 
30dB 
34 dB 
40dS 

Fig. 10.75. Determination of degree of sidcl.mnd suppression. 

this will look like a c.w. signal ; that is, a rectangle of light 
with perfectly smooth edges. If there are any other signals 
present, unwanted sideband or carrier, they will b_eat witl1 
the desired signal and produce ripples on the osc1lloscopc 
pattern. The object, then, is to adjust the exciter until the 
pattern is a smooth band of light as shown in Fig. 10.74(c). 
Note that the ripples due to the carrier are twice as wide 
(half the frequency) as those due to the unwanted sideband. 
By careful observation of the pattern, it is possi~le to tell 
what kind of adjustment is needed. F inal suppression of the 
unwanted sideband is obtained by carefu l adjustment of the 
audio balance potentiometer VR2, followed by careful 
adjus tment to the dust core of L1 and then 12. The settin_g 
of Ll will be critical, but chat of L2 much flatter. It JS 

important to move the cores only a few degrees at a Un;ie
this applies also to the setting of VR3 and. the final ad~ust
ment will be critical to 1° of angular rota hon of the shder. 
The core adjustment to L2 will affect the amplitude of r. f. 
output and unbalance the previously balanced modulat~r; 
th is will require readjustment of the lK ohms earner 
balancing potentiometers, VR4 and YRS. 

T o obtain really good sideband suppression (in the range 
35-40db) it is necessary to make alternate adjustments to the 
R.I' . 1.'HASINO, AUDIO DA!.ANCE and CARIUGR DAI.ANCEi controls. 
This will take a considerable amoull l of time, but is well 
worth while if an above average s.s.b. signal is the aim. It is 
possible by observing the height of tl1e fina l ripple in relation 
to the total trace height, to determine the sideband suppres
sion that has been achieved. This is shown in detail in 
Fig. 10.75. 

GJMVZ HYBRID S.S.B. EXCITER OR LOW POWER 
TRANSMITTER 

The hybrid s.s.b. exciter, the circuit of which is shown in 
Fig. 10.76, employs transistors in all stages with the exception 
of the driver and power amplifier. Captlble o f an input of 
25 watts p.e.p. it can be used as a low power lrausmitter on 
all bands from 3·5 to 29 Mc/sand has sufficient power out
put to drive a linearamplifiersuchaslhalshown oupagel0.51. 

Unit construction is used to permit ease of assembly and 
testing of each section. An unusual point or the design is the 
free-running carrier oscillator. A positive h.t. rail is used 
throughout to simplify U1e construction of rhe power supply 
which is an integral part of the design. 

The audio section is quite conventional and employs two 
OC83 transistors although almost any audio transistor could 
be used with suitable adjustments lo the circuit constants. 
The response is tailored to provide a reasonably Oat response 
between 500 and 2500 c/s with sufficient gain for a crystal 
microphone. T he audio level is set by mea ns of the potentio
meter VRJ between TRI and TR2. 
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Top chaul1 view of the GJMVZ hybrid exciter/transmitter. 

The free-running carrier oscillator (TR3, an OCJ70) is 
extremely stable and permits the carrier lo be placed pre
cisely on the skirt of the Kokusai mechanical filter for 
best audio quality. I t is adjusted by means of the iron dust 
core in LI. The balanced modulator comprises a pair of 
matched OA 79 germanium diodes. Critical adjustment of 
the potentiometer VR2 permits very effective suppression of 
tbe carrier. Some experiment may be needed to determine 
which side of VR2 provides the best suppression, circuit 
symmetry being the deciding factor as to the practical value 
of CJl, a 3-30 pF Philips trimmer for the balance of stray 
circuit capacity. 

The mechanical filter is a Kokusai type MF455K. The 
passband at the 6db points is 2·3 kc/s but the manufacturers' 
directions regarding interaction of the input and output 
circuits must be carefully followed. The shield provided 
must be fitted between the tem1inals of the filter, the coupling 
leads kept shon and the stages before and after the filter 
correctly placed to permit this lo be done. 

The i.f. amplifier TR5 (OC170) is necessary to provide 
sufficient output from the mechanical filter for injection into 
the first mixer. The transformer Tl is shunted by TR5 to 
reduce the Q of the tuned circuit thus preventing a peal-.')' 
response. 

The first mixer (TR6) and the 2·5 Mc/s crystal os..:i llator 
(TR9) both use OCI 70 transistors, the oscillator being con-

15-ROI • • 

nected to the mixer via a low impedance cable. The correct 
sideband arising from the mixing of the output from the i.f. 
amplifier and the crystal oscillator injection is developed 
across T2 on a nominal frequency of 2045 kc/s. The second 
mixer (TR7) and the v.f.o. (TR12 and voltage amplifying 
stages TRIO and TR!l) provide the 500 kc/s tuning range. 
The output of v.f.o. amplifying stages is connected to the 
emitter ofTR7 by low impedance co-axial cable. The output 
coil (LB) of the v.f.o. unit is damped by a 10 K ohms resistor 
to provide a reasonably constant output across the 
tuning range of 2·955 to 3·455 Mc/s. This frequency, when 
mixed with the input to the mixer at 2045 kc/s, provides a 
tunable intermediate frequency of 5-5·5 Mc/s. This is 
selected by the wideband coupler T3 and fed to the third 
mixer, TR8. Both the primary and secondary windings ol 
T3 are centre tapped. The coupler is stagger-tuned, the 
desired response being obtained by careful adjustment 
of the link coupling and the resonant frequency of each coil. 

The third mixer provides correct sideband output in each 
band in conjunction with the band selection oscillator TR14 
and harmonic amplifier TRJ3. The output coil, L6, which is 
common to all bands, thus simplifying the switching arrange
ments in relation to the low impedance link coupling, was 
designed for optimum performance at 23 Mc/s, loss of 
efficiency at the lower frequencies being compensated by the 
larger avai lable output. 
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TABLE 10.11 

CS2, CS3. CS4 60 pF Philips trimmers. 
C80 68 pF silver mica. 
L 1 '465 kc/s U. transformer with secondary remo·ved a.nd 

primary stripped until on frequency. 
L2 
L3 

Rcpinco i.f. tn.nsformer XT27. 
SO turns 30 s.w.g. close wound on Aladdin former, 470 pf 
paddi ng ·;icp:teitor. Secondary, 7 turns :it Clrthy end. 

L-1 35 turns. 24 s.w.g., t in. di:uncto.r former. 
LS, L9 Aladdin former with slug. 

Pins 3 and 6 , 3·5 Mc/s. SO turns, 28 s.w.c., close wound. 
60 pF trimmer + 220 pF fixed. 

L6 

L7 

LB 

L10 
T1 
Tl 

T3 

T4 
X1 
Xl 
X3 
X4 
XS 
X6 

Pins '4 :.nd 6 , 7 Mt:/s. 25 turns, 28 s.w.g., close wound. 
60 pf trimmer + 120 pF fixed. 

H Mc/s. 18 turns, 24 s.w.g., close wound. 
30 pF trimmer + 25 pf fi><ed. 

21 Mc/s. 14 turns, 20 s.w.g., close wound. 
30 pF trimmer. 

18 Mc/s. 12 turns. 10 s.w.c., close wou nd. 
10 pF fixed. 

18 turns, 28 s.w.g. dose wound, Aladdin former. 
Resonate L6 on 23 Mc/s with 10 pF silver mica, on 16 Mc}s 
with 60 pf Philips trimmer, 9 Mc/s with 60 pF Philips 
trimmer and 68 pf s.m., •nd on 11·S Mc/s with 60 pf Philips 
trimmer. 
2.5 turns, 28 .s.w.g. Aladdin rormor, closo wound. 65 pf 
paddor. 
60 turns. 36 s.w.g. Aloddin former. 7S pf paddcr. Sccon· 
dary, 8 turns, 36 s.w.g. at c:irthy ond. 
For 3·5 and 7 Mc/s. LS and L9 ore wound on the same 
formers. 
Goloso pi~notwork coll and switch a,sscmbly or similar. 
Rcpanco U. tnnsrormcr XTSO. 
75 turns. 36 s.w.g .. close wound . 220 pf padder. Coupling, 
25 turns, 36 s.w.g., at centre. 
'16 turns, prim:try and secondary centre tapped . 120 pf 
p•ddcrs. Coupling link, 2 turns •• cold end or each. 
250.0-150 volu 100 mA, 6·3 volu 2 A (twice). 
2·5 Mc/s. 
(!or 20 and 80m). 9 Mc/s. 
(for 40m). 6 ·25 Mc/s. 
(for 1 Sm), 8 Mc/s. 
(!or 10m), 11 ·S Mc/s. 
(lor second 10m segment}, 11 ·75 Mc/s. 

For ease of opera tion, broadband tuning is employed in 
tbe collector c ircuit of the third mixer and the anode circuit 
of the driver stage. T his helps to 111ai111ain excellent stability 
in the s tages concerned while s till mainta ining adequate 
drive on 10 111. T he driver (VI) and p.a. (V2) stages are 
conventional, employing an EFSO (6BX6) and ELSI re
spectively. H.l. for the p.a. is series fed through the p.a. tank 
coil LIO. The bias on the grid of V2 is adjusted to provide 
class A operation a t a sianding anode current of approiti· 
mately 25 mA. 

The power supply uses two BYIOO silicon diodes for full· 
wave rcctillcation of the 250 volt anode supply to the final 
stages, and one J3YIOO for half-wave rectification of the 100 
volt ncga1ivc bias supply. Tbe 12 volt supply for the tran
sistor section of the exciter is obtained by a bridge circuit 
from the 63- 0- 6·3 volt secondary windings of the mains 
transformer using four GJ7M diodes. 

The transmit-receive relay, which should have a coil of 
about 5 K ohms, is energ ized from the 250 volt h.t. line via a 
suitable series dropping resistor. It can be operated by a 
press-to-talk swi tch or a contact on a relay in the VOX 
unit if one is to be used. 

Construction 

Table 10.1 1 gives details of all coil and transformer 
windings. 

The exciter is built in several sub-assemblies using minia
ture tag boards, each assembly being tested before being 
filled into place under the 14 in. x 8! in. x 2 in . chassis. 
T he v.f.o. is built into an Eddystone type 845 diecast 
box measuring 2~· in. x 41 in. x 2 in. and placed on the top 
of the chassis. Some care must be taken to line up the tuning 
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capaci to r with the tun ing drive on the front panel since the 
use of flexible couplings does not give the necessary degree of 
positive tuning and direct drive with brass coupling rod is 
preferable. 

The reduction gearing is the Eddystone 50 : I s low motion 
dial type 843, fitted with a smaller-than-standard dial. T he 
tuning rate wi ll be sufficiently positive for accurate nclling. 

T he front panel measures JS in. x 8 in. and carries the 
microphone input socket, the controls, and a small suitable 
meter to measure p.a. current. 

The aluminium case is 15 in. wide, 8 in. high and 9 in. deep, 
which can be obtained together with front panel and chassis 
from suitable stockists. The small side ventilation slots are 
more than adequate and the unit wi ll run with barely 
perceptible heat for long periods. 

Additional 2 in. wide aluminium strips will be required for 
screening lhe stages under the chassis. All supply leads 
should be run close 10 the chassis edges and screened to 
prevent stray pick-up and leakage between sections. 

GRID TUNED QV06-10 OR 6146 A M PLIFIER 

The amplifier shown in F ig. 10.77 is simple in operation, 
self-contained and reliable. I t will handle a maitimum 
power of 140 watts peak input on a ll bands from 3·5 to 28 
Mc/s. Two QV06-20 (6 146) valves are used in parallel, with 
a tuned grid circuit and modified pi-network output circuit. 
Input and output impedances are nominally 75 ohms. 

The power supply is built on the same chassis as the 
amplifier, although the 250 volts mA supply may be 
omitted if this is available from the exciter. The main h.1. 
voltage is 700 volts and the bias supply is - 45 volts. 

G r id Circuit 
The input signal, between 2 and 4 watts peak, is fed 

through a co-ax ial socket on the front panel and thence to the 
link winding of the grid coil in use. The coil for each band 
has a damping resistor across the runed \vinding lo reduce the 
loaded Q and increase the margin of s tabili ty. Details of the 
coils arc g i\'cn in Table 10.12. 

In the interests of good linearity, it is of great im portance 
to ensure the s tabil ity of the amplifier under all conditions. 
Instability will result in degrading the outgoing signal and 
causing distortion 1>roducts which will cause interference to 
adjacent signa ls. 

TABLE 10.12 
Inductors for Fi&. I0.77. 

L1, 31 cums 28 s.w.g. onam. , close wound on Al~ddin cype F.804 
former 13/61 In. di:ametcr with iron dust core. ( Nominal 
inductance 9 ,, H,) 

Ll, 1S curns 28 s.w.g. enam., clo•• wound on Aladdin type F.804 
forrnor 13/64 in. di:imctcr with iron dust core. (Nominal 
inductance 3·6 1•H.) 

L3, H turns 28 s.w.g. on>m., winding length 0·7 in., on Aloddin 
type F.801 rormcr w i th iron d ust core. (Nomina l inductance 
1'35 1•H.) 

L1. L2. Ll hive 2 turns 28 s.w.g. cnam. link windings at the t3rthy 
ends. 

l1. 10 turns 18 s.w.c. cn2m .• winding length 0·5 in., on Al~ddin 
type F.S<M former w ith iron dust core. (N ominal inductance 
1·03 1•H .) 

LS. 7 turns 28 s,w,g. cn~m •• winding lencth O·S in., on Aladdin 
former type F.80'4 with no core. (Nominal inducnnce 0·8 pH.) 

L'4. LS tuvo 1 t urn 18 s.w.g. cnam, link winding at the earthy ends .. 
L6, L7, 7 turns n s.w.i,. en;am. wound on the T Watt re.sistors R10 

and R11 respectively. 
LB, 28 turns 20 s,w.g. tinned copper, single spaced for 21 turns, 

double 1paccd for remaining 7 turns, on 1 ·75 in . ceramic former, 
total winding lengch 2·4 in., tapped at 16 turns (7 Mc/s), 7 turns 
(14 Mc/s), 4t turns (11 Mc/s) and 2! curns (28 Mc/s). 

RFC1, 100 tor'ns 36 s.w.g. enam., close wound on ! in. diameter 
Tulnol former. 

RFC2, 2·S mH (Eddystone cype 737). 
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SINGLE SIDEBAND TRANSMISSION 

B} V2 100.n 

....--------;~ 200V STABILIZED 

HT+ 
"": 650/700V 

RF OUTPUT 
75.Cl 

R7 
IOOK 

Ctl 60pF 
TUNE 
GRID 

CIS 3-30pF 

o~ 21v-=f4~6 .20 ~h4pF 

...----------t::-----i,..---t---~ 

C7 
RFC r O·Olf'F 

~-----~'1mmf'---....._-~+=~-.-1a -45 V BIAS 
2° SmH .J_ 

Fi1. 10.77. Circuit d ia1ram of 1rid·tuned bandswitched amplifier cove r in1 all bands from 3·5 Mc/s to 28 Mc/r, 

Separate padding capacitors arc switched into circuit oo 
each baod, reducing the electrical coverage of the grid tuning 
capacitor. This avoids the danger of tuning to an unwanted 
signal and also the need to calibrate this cont rol. The 
bottom of the tuned winding on each coil is taken to a 
common bus-bar, with a 1000 pF capacitor from this point 
to earth. Bias voltage is fed to the valves through the grid 
coils. 

Liberal decoupling is used around the valves to avoid the 
presence of r.f. on the supply leads. The screen grids are fed 
from a stabilized nominal 215 volts source, using two 
miniature stabilizers in series. However, this may be within 
range 195 volts to 215 volts depending on the stabilizers 
available. 

Alignment of the grid circuits is best accomplished with a 
grid dip oscillator. Set Cl 1 to near maximum capacity, 
adjust each core in turn and then check that the swing of 
Cl l encompasses each band. 

P. A. Tank Circuit 

A modified pi-section anode tank circuit is used, calculated 
for an output impedance of 75 ohms. T he anode supply 

passes through the p.a. coil, h.t. being fed in at the aerial end 
through an r.f. choke. This d .c. potential does not appear 
across either variable capacitor due to the series blocking 
capacitors but S2 carries the full d.c. potential. Using this 
method, the r.f. choke is no longer liable to damage, should it 
resonate wi thin the bands in use. A further small r.f. cboke 
is wired across the r.f. output socket to guard against a 
" hot "aerial, should the blockjng capacitor fail. 

Parasitic stoppers are incorporated right at the top cap 
coonections of the valves, as well as on the grid pins below 
chassis. Neutralization is by means of the Philips trimmer 
CJ5 and series blocking capacitor Cl4. The trimmer is wired 
straight through the chassis on to the grid coil bus-bar. This 
trimmer and the 1000 pF capacitor to earth together with the 
Ca.1 and Ca.k of the valves fonn a bridge neutralizing circuit 
which is, in theory, suitable for use over a wide range of 
frequencies without re-adjustment. Cl5 is adjusted with no 
drive to the amplifier and no output load. When the amplifier 
is driven into a load, maximum r.f. output should coincide 
with the dip in anode current, indicating correct neutraliza
tion. 

The distortion products due to non-linearity are very smaU 
- in the region of -35db to - 40db. 
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NI 
HT 
ON 

220 

200 

HV 
ON/OFF 
S4Q 

MRI MR2 MR3 

OA211 0A211 OA 211 

SH 200mA 
700V HT 

CHI 

C22 Rl7 C23 -=-
8 )JF 25 K ().005 

2SW HV IOOOV 
EARTH 

220 

200 C24 
16).Jf 
ISOV 

C25 
16JJF 
ISOV 

Rl9 
IK 
I W 

- 4SV B IAS 

RIB 
3·3K I W 200V SCREEN 

SUPPLY 

C26 
16pF 
3SOV soov V4 

108CI 
EART H 

Fis . 10.78. Po we r s upply unit for t he band1witchinc linear am plifier. 

The power supply (Fig. 10.78) is conventional, although 
silicon rectifiers are employed to conserve space and because 
of their increased efficiency over valves performing a similar 
function. Two transformers are used, one supplying all low 
tension circuits, and the second, the high voltage for the p.a. 
anodes. This permits primary switching of the high voltage, 
by far the safest way of dealing with 700 vol ts. 

Switching is in the primaries of the two transformers. 
However, the cl .c. screen voltage is switched with the anode 
supply to avoid the screens drawing too high a current 
when the high voltage is switched off. Bias is applied at all 
times. Fuses are situated in the a.c. supply line and the 
centre tap of the high voltage secondary. 

The si licon recti fiers suggested have a p.i.v. (peak inverse 
voltage) rating of 700 volts and a current rating of 500 mA. 
As the r.m.s. secondary voltage is a nominal 750·0-750, it 
is necessary to use six diodes, arranged in two series sections, 
to constitute a full-wave rectifier circuit. High stabil ity 
resistors are wired in parallel with each rectifier to equalize 
the reverse current. Choke-input filtering is employed and, 
together with the low source impeda.nce of the rectifiers, 
provides a supply which is fairly well regulated under static 
and dynamic conditions. 

10.52 

The screen, bias and heater supplies are obtained from the 
second transformer. A small full-wave contact-cooled 
rect ifier, rated at 250 volts 20 mA, feeds two 108Cl 
(VR105/30) stabil izers, giving a screen voltage of 215 volts. 
This is slightly higher than is desired. The - 45 volts bias is 
derived by half wave rectification from a 70 volts r.m.s. 
wind ing. 

Layout 

T he general shape and si:ie are not critical, depending 
largely on available components. 

The layout of the r.f. section must be substantially similar 
to that described otherwise instability may result. All earth 
connections are taken to a common point near the valve
holders. 

Ventilation of the equipment must be good as silicon 
rectifiers do not like a severe rise in operating temperature, 
unless mounted on beat sinks. Holes in the underside of the 
cabinet, which should be on rubber feet, permit the ingress of 
cool air by convection, the warm air passing out of louvres 
in the cabinet top. 



A TTll LINEAR AMl'LIFIER 

The circuit of a passive grid linear amplifier using a pair of 
IT2J valves in parallel is shown in Fii;. J0.79. The drive 
requirements are lower than for the grounded grid configura
tion, less than 5 watts being required on all bands. 

The measured power output at anode voltages of 800, 
1000 and 1200 and a stabilized screen voltage of 300 is 
plotted in Fig. 10.80. The curves show that the output and 
efficiency fall as the frequency is increased above J 0 Mc/s. 
This reduction in power output is almost entirely due to 
drcuit losses, especially at 28 Mc/s where the valve and 
circuit minimum capacity is too high to permit the correct 
value of input capacity for the pi-network to be obtained. 
Nevertheless, the amplifier gives a very creditable perform-

2 4 0 

.... 160 
::> 
0.. 

~ 
0 

ffi 
~ 

120 

0.. 80 

1200V 

ANODE _,__ 1-VOLTAGE 

1--~IOOOV 

SOOY 

----......... 
~ 

-----. ... ~ 

"' \ 
"'~ ---r--. 1 

~ 

3·5 7 14 
FREQUENCY (Mc/s) 

21 29 

Fis. 10.80. Typical power output c urve1, 

aoce as the results of 
tests given io Table 10.14 
show. Linearity tests were 
carried out at 7 Mc/s 
using a spectrum analyser 
and are sununarized in 
Table 10.13. During these 
checks a little instability 
was encountered but was 
completely cured by the 
installation of the JOO 
ohm grid stoppers, R2 
and R3, shown in Fig. 
10.79. Parasitic chokes 
in the anode leads were 
not found necessary; if 
required, 2t turns of 16 
s.w.g. enamelled copper 
wire on Eric type 8 
100 ohm resistors should 
be satisfactory. 

INPUT 0°01 

t" 
RI 
IK 

GRID BIAS 

+300V ST"B 

EARTH 

SINGLE SIDEBAND TRANSMISSION 
TABLE 10.13 

P•rformancc of TT21 Li near Amplifier 
Two Tone Tests at 7 Mc/• 

Anod e Voltage v. 1200 1000 

Screen Voltage V~1 JOO JOO 

Grid Voltago-v . , J9 J7 

Peak Grid Drive Vv. 1>c:11k 39 37 

Anode Curren t ln<o> 62·5 75 

Anode Current (2-tone) la(•lg) 180 165 

Screen Current 111 8 10 

•Grid Current ls1 0 0 

Power Output (l·tone) Pou• load 110 87-5 

Power Output P.E.P. 220 175 

t l.M.D. 3rd order-db 2? 33 

tl.M.D. 5th order- db 43 '46 

t l.M.D. of inpu t signal- db 54 54 

800 

JOO 

34 

34 

94 

160 

12 

0 

60 

120 

45 

46 

54 

'Grid current limited to O·I mA. f lMermod ulation disr:ordon. 
Tests carried out usinc a Funehill Spectrum An:alyior . 

Construction 
The construction or this amplifier is quite straightforward, 

and with the aid or Fig. 10.80 should not present any 
problem. In general, the layout is quite conventional, but a 
good deal of care should be taken to avoid multiple earths. 
The earth returns of the anode pi-circuit, the valve cathodes 
and the screen bypass capacitors are connected to the same 
point on the chassis. 

TT21 

TT21 

Fir. 10.79. Circuit dia1ram of the 
TT21 linear amplifier. lll'C I, 
RFCl and RFC4 a re su •ndard 
Eddystone l ·Sm H r .f. chokes. 
RFCl comprins 100 turns of 24 
e.w.&. enamellff wire on a ! in. 
d iameteP' c·e.~mic former 1+ in. 
lonr. RI. 1000 ohm1, provides the 
correct operating load for the 
exciter and should be rated at 

lwatu. 

RFC4 
2·5mH 

HT+ 
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14 
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HETER 
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. 

ANODE 
TUNING 

HETER SCREEN 

FRONT PANEL LAYOUT 

HT LE AD 
!.CREEHIHG TUBE 

HAIN EARTH 

T 

LOADING 

~RFORAT~ 
AREA 

The tuning capacitors C2 (200 pF) and CJ (500 pF) are the 
ceramic end plate type with eanh returns made at o nly one 
point. In order to reduce the losses as much as possible, the 
anode pi-circuit returns and the feed connections are made 
of i in. 18 s.w.g. copper strip. 

The band change switch is a la rge type and was chosen 
for its low capacity between contacts and its higher current
carrying capability. It is a standard five position ceramic 
wafer type with shorting plate and an extra contact lo pick 
up C4. 

10.54 

,,,,..------ ..... ,,,,.,.,. .......... 

300V 
0 

RTH 
STABILIZED-1;:,l,);.~EA 

tn, .~\:.~1 -6.3V 
GRIOBIAS~ 

0 240V AC 

REAR PANEL LAYOUT 

HT 
SOCKET 

0 
INPUT 

SOCKET 

F ig. 10.81. Layout of the TT21 linear 
;implifier fo r 3·5- 28 Mc/s. 

The chassis is formed by two pieces which when fixed 
together allow the valveholders to be submounted on the 
lower member. The complete box should be made with the 
sides fixed to the chassis by means or aluminium angle, and 
attached to the front and back panels by their bent-over 
edges. 

The heat generated by the two valves operating at their 
maximum rating will of course be more than I 00 watts. This, 
together with the circuit heating in the relatively small 
cabinet, makes it necessary to have a fair degree of air 



SINGLE SIDEBAND TRANSMISSION 

TABLE 10.14 
Perlormance of TT21 Linear Amplifier (S i,.11• Tone THts) 

Band l 3·5 an d 7 Mc/1 14 Mc/s 21 Mc/s 29 Mc(a 

Anode vol tage Va I 1200 1000 800 1200 1000 800 1200 1000 800 1200 1000 800 

Screen Vo ltage Vg1 300 300 300 JOO 300 JOO JOO 300 300 300 JOO 300 

tGrld Voltage - Vg1 J9 37 J4 39 37 34 39 37 34 39 37 3'f 

*Anodo Cu r rent la(O) 62·5 75 94 62·5 75 94 61·5 75 94 61·5 75 94 

•Anode Current l•{ma.r) !lg 170 260 210 250 230 190 150 240 210 235 2 15 210 

• Sc.recn Current lgttma..s: .rig) 18 18 19 14 16 16 IS 16 16 14 16 16 

iGrid Current lu(mu) 0 0 0 0 0 0 0 0 0 0 0 0 

Power Input Ptn 324 260 168 300 230 152 300 240 168 282 215 168 

! Power Output lo•d P10><1 220 175 120 204 167 114 170 140 98 130 115 80 

P14-P10MJ (per valve) 52 42-S 24 48 31 ·5 19 65 so 35 79 50 44 

• for two valves. t Adjusted co obt3in stntd la(o). ! Mu.sured with Muconi Type TllOS 500 watt r.f. power meter . § Grid current limited to O·· I mA. 

circulation, but a blower in the normal sense is, however, not 
needed. In order to get free air flow the base and cover 
plates are perforated in the region below and above the 
valves, and the lower chassis plate is drilled around each 
valve socket. This, together with the fairly large clearance 
holes through which the valves are fitted, allows a free air 
flow around the valves. In addition, a fan is fitted to the rear 
panel, which is also perforated, and draws air in through the 
panel and stirs the air within the cabinet, so that the tempera
ture rise of the whole cabinet will be reasonable even after 
long periods of operation. The cabinet is mounted on rubber 
feet to ensure free air inlet through the bottom. 

The fan is normally supplied with 6 in. diameter blades; 
these must be cut down to 4 in. diameter and reshaped to get 
satisfactory performance in the confined space. If space 
permits, the cabinet could be 2 in. higher, thus allowing the 
use of an unaltered fan. All the wiring of the fan motor is 
external to the cabinet and therefore should be free of r.f. 
pick-up. 

The anode pi-circuit inductor is made in two parts: LI 
covers the three higher frequency bands, 14, 21 and 28 Mc/s, 
and L2, in series with it, covers the two lower bands, 3·5 and 
7 Mc/s. The construction is illustrated in Fig. 10.82. 

LI consists of nine turns of t in. drawn copper, wound 
with an internal diameter of 1 ! in., and spaced rr in. between 
turns. 

L2 consists of 31 turns of 16 s.w.g. on an epoxy resin 
former of 1! in. diameter; the turns are spaced to occupy 
n in. with spacing between turns of slightly less than ir in. 
The ends of the winding are fixed to the former by nuts and 
bolts. LI is self-supporting and is mounted on the same axis 
as L2. T he anode end of L2 is soldered to LI at the point 
where the 14 Me/slap is made. 

Tapping points for the various bands are as follows: 
28 Mc/s-3 turns from anode end Ll. 
21 Mc/s-5 turns from anode end Ll. 
14 Mc/s-9 turns from anode end LI. 

These connections are made oft in. copper. 
7 Mc/s-1 2 ttLrn5 from anode end L2. 
3·5 Mc/s-output end of L2. 
The losses a t the higher frequencies, especially on 28 Mc/s 

a nd to a lesser extent on 21 Me/s, demand good soldering of 
these tapping points and should be carried out with a higher 
than average melting point solder. Ideally they should be 
" hard " soldered or brazed. 

9 TURNS OF l/e" DIA 
COPPER WIRE 

31 TURNS O F J6swg ( 1/i6"D1A) 
COPPER WIRE 

C4 (a.) 

-j t-1/i6' SPACING !!1/i6" SPACING .. 

LI 

CONNECT 
TO C2 

-, 
,;. ~ 1

1/z DIA 
~ LI FORMER 

~F;IRRP.PJ'J'.RRPJ'IJU1.RflJ~JU11R.PJ~lllJIJRIU'lff' .. ==>\\-~ 
L 2 

...-------31/z'------i 
(b) 

CONNECT TO 
OUTPUT 
SOCKET & C3 

Fig. 10.82. (a) Oet,.ils o f th e a n ode coil tappinr switch. (b) Conotructional details of the anode coil. 
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The r .f. choke which shuot feeds the circuit consists of a 
s imple winding of 100 turns of 24 s.w.g. enamelled wire on 
a ceramic former t in. in diameter and 2! in. long. It is 
mounted below, and at approximately right angles to, the 
main inductor. This choke has been found to be entirely 
satisfactory, and no overheating has been encountered on 
any of the five bands. 

Drive to the amplifier is fed in thr ough a standard coaxial 
socket. 

In the prototype a type N connector is used for the output 
but any other of similar power rating will be suitable. l t 
should be noted that the earth connect ion of the outer is 
connected directly to the main earth point wi th copper s trip 
although the fixing screws make an earth connection to the 
cabinet at the socket. 

Power Supply 

As with all linear amplifiers it is important tha t the h.t. 
supplies should be adequately smoothed and of good dyna
mic performance in o rder lo maintain the voltages sub
stantially constant during the changing operating loads. 
This means low series impedance and high reservoir capaci
tance. 

Probably the most satisfactory method of meeting these 
requirements is to use a fullwave bridge rectifier with either 
gas-filled valves or semiconductor diodes whose low forward 
impedance will keep down the series voltage drop. 

To obtain good dynamic performance of the anode 
supply, a capacitance of not less than 24 µF will be required 
in the smoothing circuit. This can be readi ly obtained by use 
of TV type electrolytic capacitors in series with blee-Oer 
resistors across each unit to assist in voltage sharing. It is 
most important to provide proper insulation for the outer 
cans of the capacitors not directly earthed. They should be 
completely covered with insulating material to ensure the 
safety of the operator. 

Fig. 10.83. Circuit of power 
supply for TT21 linoar ampli· 

fier. 

10.5G 

RI 
100 

WW 

T l 

24~ Au 

R2 
100 

WW 

The 300 volt screen supply should be stabilized by two 
gas-filled stabilizers in series and can be either a separate 
supply or fed from the anode supply through a suitable 
voltage dropping resistor. The use of a combined unit 
ensures that a t no time can the screen supply be switched on 
without the anode and although there is some waste of 
power due to the loss in the d ropper resistor, i t is probably 
the most convenient arrangement for the amateur. A 
suitable circuit is given in Fig. 10.83. 

The demands on the bias supply arc smaU and the load is 
s table. Apart from case of setting the output voltage to the 
required value, no special requirements a re involved other 
than adequate smoothing. A ha lf-wave rectifier circuit with 
resistance and capacity smoothing giving about 50 volts to 
the output potentiometer would be suitable. The potentio
meter should be part fixed and part variable to facilitate 
accurate setting of the required voltage. 

The h.t. lead from the insula ted safety socket at the rear is 
run along the left side of the cabinet and front panel to the 
meter, and is screened by copper tube to prevent stray r.f. 
pick-up. A s ix-pin Painton (miniawrc Jones) plug carries 
the o ther supplies. 

Operation 

The maximum time a llowable for tune-up with tone on at 
1200 volts should be limited to five minutes a lthough during 
initial testing, periods in excess of 15 minutes without the fan 
running did not cause any valve distress. However, five 
minutes should be ample and will provide a good safety 
factor. 

The resting current under each anode voltage condition 
allows for the same anode dissipation and is no worse for any 
of the voltages quoted. It was intentionally kept as high as 
possible to enable the best intermodulation distortion 
(i.m.d.) factor to be obtained. If these settings are signifi
cantly lowered, then some increase in i.m.d. will result. 

Rl -Rl4 470Kll OR lZOKQ 1/z llATT 

~\ 5} TYPICAL VALUES 0°0lj>F AHO MK.Q 

Rl6 - Rl9 33Kt\ TO IOOKn 
RZO 30Kn TO 40Kt\ 
RZI & R22 220KO l/z WATT 
CZ - CS 100+ 64pF 4SOV ELECTROLYTIC 

(SECTIONS IN PARALLEL) 

HT+ 
ll00-1200V 

R21 

HT+ 
300V 

R22 

HT-



100 WATT O U TPUT LINEAR WITH VOLTAGE A M PLI FIER 

This linear amplifier is provided with a voltage amplifier, 
and may be fully driven with a few volts of r.f.-for instance 
the output from the final mixer in an experimental exciter. 

The circuit is shown in Fig. 10.84 together wi th the EFSO 
voltage amplifier and the recommended bias supply. The 
grids of the QV06-20s or 6146s must be isolated from the h.t 
voltage appearing on the coils and the tuning capacitor, and 
the 150 pF blocking capacitor must not be omitted. 

As the 6146 valve has been specifically designed for class 
ABl operation there is no grid current under the correct 
operating conditions and therefore no driving power is 
necessary. The output from the EFSO voltage amplifier is 
more than adequate to drive fully the p.a. to its maximun1 
rating of 180 watts p.e.p. input on all bands. 

The pi network values have been calculated for an RL of 
2000 ohms and are given for each band in Table 10.15. 
Construction of the tank inductance is simple, with the 160m 
coil L3 ou a separate ceramic former positioned at righ t 
angles to the main winding L2 and adjacent to its "cold " 
end ; the self supporting lOm coil LI is positioned at the 
" hot" encl of L2 to form the connecting link between L2 
and the stator plates of tbe anode tuning capacitor VC3. It is 
convenient to use a standard broadcast receiver two gang 
capacitor of 500 pF each section for the aerial loading capa
citor VC4. As this would not have a large enough value for 
use on the lowest amateur band, the 160m position of the pi 
tank band change switch is used to bring into circuit a 
further fixed loading capacitor of 600 pF or thereabouts. On 

HT+300V 

TO OUTPUT 
OF MIXER 

MUTING 
VOLTAGE 
IF REQUIRED 

0 .0 1 

IOOK -:-

SINGLE SIDEBAND TRANSMISSION 
T ABLE 10. 15 

Pl NETWORK DATA-TWO 6 1 ~6 VALVES 

RL - 2000 ohms 

BAND Xci - 200 ohms X L - 2SOohms Xm - 46 ohms 

BOm 220 pF l l ·OtLH 900 pF 

.Wm 110 pf S·S µH 450 pf 

20m 56 pf 2·7 µH 225 pf 

I Sm 38 pf 1·8 µ H 160 pf 

I Om 28 pf HµH 115 pf 

TANK COIL 
LI , 44 turns 16 s.w.g. t inned copper I in. di:am. spaced to t in. long, 

1olf supporting. 
L2, On o continuous winding of 18 s.w.f . tinned copper wound 16 tu rns 

per inch, 10 t urns, ~ in. gap, 8 turns, .f( in. &DP, 3 curns, -/6 in. gap 
•nd 2 turns. Total length approxlmotoly 2 in. dlometor It in. sup
ported by -4 lengt hs of t in. diom. polystyrene rod (similar to Codar 
o r Mlniduct?r coils). 

L3, 32 turns 22 s.w.g. enam. close wound on i In. d iom, ceromic former. 

the 160m band power is reduced to the equivalent p.e.p. of a 
100 per cent modulated 10 watt d.c. input A3 transmitter, 
either by switching the p.a. anode feed from the 650/750 volt 
line to the 300 volt rail feeding the remainder of the trans
mitter, or alternatively breaking the heater supply to one of 
the 6146 valves by means of a panel mounted toggle switch. 

'-----~66t750V 

SOOpF EACH 
..._-------- --+ HT+ 210 V 

STABILIZED 

1----------------~x:~---.... MUTING BIAS 
- IOOV APPROX 

PA BIAS 
- 35/75V 

Fii• 10.84. 100 W att linear with voltas:e a. m plifier. Mo difications for o perat.ion on 160m are described in the text. 
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Layout 

The main pi tank coil L2 is pre-assembled and supported 
by the connections to the switch S2 which is mounted on the 
panel. 

The recommended screen voltage is 210 volts stabilized 
(two VR105s in series) while the anode supply may be any 
convenient value between 500 and 750 volts. The bias setting 
potentiometer should be adjusted until the standing no
signal unode current is at a value just within the total anode 
dissipation or tbe valves-40 watts. With u 700 volt supply 
this will be 50 mA. For a clean signal, correct loading and 
driving is essential; load to an indicated anode current of 200 
mA and 11e1•er talk the amplifier up beyond the point at which 
the milliameter pointer swing reaches a peak of half this 
value- 100 mA. Remember at all times that the meter move
ment has inertia; it cannot follow at syllabic rate-if it is 
indicating 100 mA the true peak current will be at least twice 
this value. 

300 WATTS OUTPUT PASSIVE GRID AMPLIFIER 

A linear amplifier using two 4X1 50A valves is sbown in 
Fii:. 10.85. 

T ho calculated value for RL (anode load) is 1600 ohms and 
tho values of Cl, C2 and L in the pi tnnk a re obtained by 
using the tables given in the Radio Data Reference Book or 
on page 10.35. 

The circuit is equally applicable to other valve types, 
subject to modifications to the value of R and the values in 

R 
9::>.0 

HT+ 
12SOV 

the pi tank circuit to accommodate the different peak grid 
drive voltage and the different value of R, .. As an example, 
813s and 4-l25As require a peak r.f. grid drive of approxi
mately 100 volts. A single 6146 valve with a p.e.p. output of 
50 watts could not develop this across 80 ohms and R will 
need lo be increased in value to 200 ohms. The calculated 
value for R ,, is 3250 ohms for two 8 I 3s in par<1 llel ancl 3750 
ohms for pnrn llel 4-125As-both with an h.t. supply of 
2000 volts ancl 600 volts on the screens for operation in class 
Alli . 

The passive grid method is equally applicable for class 
A132 operat ion. The driving requirement is then the sum 
of the power dissipated in the passive grid resistor plus the 
driving power as given in the manufacturers' valve data. As 
will be seen from Fig. 10.85, the circuitry is inherently simple 
wi th only the pi network requiring tuning. The absence of 
the normal grid input tuned circuit and the usual neutralizing 
bridge makes for a particularly neat and compact layout. 
Any existing pi output circuit on the exciter- provided it has 
a variable capacity on the output side- will load satisfac
torily into the p~ssive grid load. If there is no pi tank, but 
a parallel tuned circuit arrangement, an output link winding 
with lhe link turns adjusted to give the maximum drive into 
the p.a. wi ll be required . 

400 W ATT OUTPUT PASSIVE GRID AMPLIFIER 

Many amateurs using s.s.b. are limited to operation with 
an exciter for two major reasons: 

SI 

90n90 
PF pF 

C2 3GANG 
SOOpF PER SECTION 

Fig, 10.85. Pa11ive grid linear amplifier usina two 4X ISOA va.lves. 
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Cl is a ~o·canc apacit.or with O·OS in. air gap. ~2 is a ~t.andard threc·rang 500 pF per se:ction capacitor. 
R cornpnse.s IS one watt l ·l K o hn:11 c.ubon r~s1stors 1n para.II.el. For 80m oper-ation, S I is: closed. The 
anode r-.f. choke must boa type suitable for p1 .. network tank circuit operation-see pag~ 6.41. It should 
be note d that the <4X ISOA valves require foreed a ir coolint even without h.t. applied and the blower 

circuitry must be interloc.ke d with t.he heater supply. 

Operating Condit ions 
D.C. anode voltase 
D.C .. screen volt:aa:e ... . .. 
Zero sisnal d.c .. anode c urrent . . . 
Maximum signal d .c. anode current .. . 
Maximum s ignal d.c. 1creen current .. . 
D.C. grid voltace ... 
Anode load . .. ... . .. 
P.E.P. output (calculated) 
P.E.P. output (measured) 

•Including tank circu it losses. 

1250 volu 
300 volts 
100 mA 
400 mA 

25 mA 
- SO volts 
1600 ohms 
300 watts 
270 watts • 



SINGLE SIDEBAND TRANSMISSION 

o.oos.Lr----~----, HT• ?w.~ 

4A 

O•E• CONT ACT ----gu 
6K = 

oov 
NO LOAO 

~x .,. 

,. IV 

IOK 
lW 

ISOOpf 

100.-A 
SHUNT 

llT+ 200V 
(IJOY GTANOBY) 

SK.;,....o,__ ________ ....__,.,..1K..,.___.._,.. (o~~~OY 
IW Ao.JUST FOA STANDBY) 

~7K 200Y OUTPl/T' 

• IHOICATES 1/1 WATT HIGH STA8n.1rv A£StSTOR 

f ig. 10.86. Circuit of the ..a<> Watt passive arid amplifier and suitable power supply. The GlNSN television line ou t put valve linear ampll
fier, LI, St turns, 10 s .. w.g. silver plated copper wire, bpped at lt and 4-t turns from hot end, 1 in. inside diameter, 1! in. long. Ll. 7f. turns, 
18 s.w.g. silver pb.ted copper wire, tapped at 3 turns from hot end, 1~ in. diameter, 1 in. long. APC1, l. 3 and, 4 47 ohm 2 watt resistors 
overwound with 4 tur-ns of 18 s.w.g. enamelled copper wire. RFC1 1 112 turns, 26 s.w.g. enam., wound on 1 in. diameter ceramic former 1 

Jf in. lo ng. 

(i) the difficulty of obtaining valves suitable for a higher 
power amplifier at reasonable cost, and 

(ii) the inherent fear of the danger of high voltages of 
2000 to 3000 in the shack and the na tural desire to 
restrict all power supplies to more familiar voltage 
levels around 700 or 800 volts. 

There is the further attractive feature that a power supply 
of 1000 volts or less can be safely and compactly smoothed 
by low cost electrolytic capacitors in a simple series-parallel 
arrangement. 

These considerations have caused designers to look for 
acceptable valve types in the low cost commercial television 
receiver field. The requirement for an s.s.b. amplifier is a 
high peak current at a low anode voltage, together with an 
anode dissipation capability in the range 20 to 40 watts. 
These characteristics arc available in the modern colour 
television line time base output valves, and because these 
valves are manufactured in very large numbers the cost is 
relatively low. 

Since these valves arc designed and cont rolled in manu
facture only for dcOcction amplifier service, manufacnuers 
do not normally publish data or operating conditions for 

amateur single sideband service. Of very great importance is 
the capability of the valve to operate wi th an acceptably 
low level of third and fifth order intermodulation distortion 
products. 

The complete circui t including the power amplifier is 
shown in Fig. 10.86. It will be noted that four Sylvania 
6HF5 horizontal dellection valves are wired in parallel and 
that the amplifier u.~es the now common passive grid input 
circuit. Low voltage high current valves will require a low 
RL (anode load) and as four valves in parnllel will require one 
quarter the R L of one, the final value will necessitate very 
low reactancc values in the output tank circuit. This means 
few turns on the coil and quite u nconventional values for CJ 
and C2. Fortunately the requirements can be met using 
standard broadcast type variable tuning capacitors, plus an 
additional fixed 1500 pF capacitor that is paralleled with C2 
on the 80m band position of the pi-tank switch S I. 

It is important to realize that the amplifier is not neutra
lized and that stability is dependent on the damping of the 
grid input circuit by the passive grid resistor. A low value 
of 50 to 75 ohms will give improved stability but requires a 
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greater driving power to develop the wanted peak r.f. grid 
swing. With the value of 133 ohms given in Fig. 10.86, 
the amplifier can be driven fully with a single 6 146 in the 
exciter. It is, however, of greater importance that stray r.f. 
feedback between the anode and grid sides of the amplifier 
be kept to a minimum. This means careful attention to the 
layou t so that the input connections are kept underneath tbe 
chassis and all the components associated with the anode 
circuits on top i.e. the grid input side must no t be able to 
"see" any part of the anode output side of the p.a. valves
and thorough bypassing of both the screen grid connections 
on each valveholder. 

T he mains transformer Tl provides a secondary output of 
600 volts r.m.s. centre-tapped with a maximum current 
rating of 1000 mA. Both primary and secondary windings 
have very low resistance, and this, together with the low 
resistance s il icon rectifiers and large effective value of 
smoothing capacity, produces a very heavy switch-on current 
surge tha t would blow the mains input fuse. lt would be 
unwise to increase the fuse rating beyond 4 amps because 
this would defeat its protective function and the switch-on 
surge current is held to a normal value by the I 00 ohm 1 watt 
resistor in series with the transformer primary. As the 
smoothing capacitors charge up towards their maximum 
value, the rising voltage increases the current through the 
6000 ohm relay winding until the contacts finally close and 
short out the 100 ohm current limi ting resistor. The relay is 
adjusted to close when the h.t. output reaches approximately 
600 volts by adjustment to the contact gap- this will be 
wider than the normal gap setting. 

Operating bias for the 6HF5 control grids and the screen 
supply regulator valve (ECL82, 6BM 8) is provided by T2 and 
the 50 mA bridge rectifier with conventional smoothing and 
output load circuit. The p.a. bias supply is adjusted by 
means of the 5 K ohm potentiometer for a to ta l zero signal 
anode current of 120 mA (30 mA each valve). On " stand
by " the ca thode of the ECL82 triode section is at negative 
30 volts, the 6HF5 bias line at negative 110 volts and the 
screen grid supply at positive 130 volts- this reduces the 
standir.g zero signal anode current to a very low value and 
enables the valves to cool down on pauses between trans
mission periods. For " transmit" the triode cathode is 
shorted down to earth via the exciter " press-to-talk " relay 
and muting line, the 6HF5 grid bias is then negative 80 volts 
(or whatever value is necessary to maintain a total zero-signal 
anode current of 120 mA) and the screen supply is positive 
200 volts. lt is necessary to incorporate the series OAS! 
diode in the muting line to prevent the JOO volt negative 
muting voltage on the G2DAF exciter ra il from reaching 
the ECL82 (613M8) triode ca thode- the diode merely acts 
as a one-way gate, the characteristics not being critical, and 
any similar type to the OABI is therefore sui table. It is, of 
course, not essential to use the regulator valve arrangement 
shown in Fig. 10.86, and an a lternat ive arrangement that 
might appeal to some constructors is the more usual screen 
feed via a dropper resistor and YR 105/JO voltage regulator 
valves. As the combined maximum signal screen current 
for the four 6HF5 amplifier valves is 40 mA. it will be 
necessary to use four VR105/30s in a series parallel arrange
ment to give 210 volts regula ted at a maximum current 
capability of 60 mA. 

For a maximum signal anode current of 750 mA at an 
anode voltage o r 800, I.(,,.44.) = I.(d .. .) x K (where K is a 
constant dependent on the angle of anode current flow-in 
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this ease 200° giving a value for K of 3). !.(peak) therefore 
equals 750 x 3 = 2250 mA. Assuming that the dynamic 
anode voltage swing at its lowest point is 100 volts, from the 
formulae RL ~ 2(V. - V. ,.,.J/I.(,,,oJ:) the values are 
RL = 2(800 - 100)/2.250. This equals an R1• of 622 ohms. 
The pi constants are then RL = 622 ohms; R1, . ,., = 75 
ohms. T he ratio RL/R1, • ., = 8·3 and the square root of 
8·3 is approximately 2·9, the reaeiancc ratio, (XCJ : XC2). 
Designing for a Q of 12; 

XCJ - Ri/Q = 622/ 12 = 52 ohms. 
XC2 .. XCl/2·9 = 52/2·9 = JS ohms. 
XL - XCI + XC2 = 52 + 18 = 70 ohms. 

These values are a simple approximation but are quite near 
enough for amateur purposes. From a rcaetanee chart tbe 
values for 80m are Cl = 900 pF to tal (825 µF + 75 pF 
stray); C2 = 2700 pF and L = 3·3 µH. Values for the other 
bands scale down in the same ratio as the band wavelength 
as follows: 

Band Cl L C2 
Som 900 pF 3-3 µH 2700 pf 
40m 450pF l·6 1d·( I 350 pF 
20m 225 pF O·BµH 675 pF 
!Sm 172 pF 0·61~H 500 pF 
!Om 112 pF 0·41,H 337 pF 

Construction 

Chassis layout is not critical but all leads carrying r.f. 
sbould be kept as sbort as possible- the amplifier should be 
built as if it were going to operate on 4m- with the 6HF5 
valves arranged in a square and the anode r.f. choke in the 
centre. C J and C2 should be above the chassis on either 
side of Ll-L2 and SL 

The main h.t. smoothing capacitors arc standard television 
types with a rating of 300 µF at 350 volt working. As the 
cans are not isolated the six capaci tors mus! be mounted 
on an insula ted panel of paxolin o r perspex. C l is a lso a 
two gang broadcast type capacitor o r 500 pF each section 
with not less than 25 thou. spacing between rotor and stator 
plates. C2 is a standard three gang broadcast type tuning 
capacitor of 500 pF each section. Both the pi-tank induc
tances LI and L2 are m ounted in the same plane and 
supported by the switch SI which should have ceramic 
insulation and have substantial contacts suitable fo r carrying 
several amps of r.r. 

TABLE 10.16 

6 HFS Amate u• Band ope•atin& conditions (max. 400 watts p.e.p.) 

Va - 800 volts 
Anode current (zero sii.) 
> node current (maximum sig.) 
Powe• input (d.c.) 
P. E.P. input 
Ir, 
lg, 
Vr, 
Vi, (peak ddvc) 
Anode Dissipation 
P.E.P. Output 
Power Oucpur: (moan) 
Anode Efficiency 

Operation 

Single·tonc 
120 mA 
750 mA 
600 wotts 
600 waccs 
~o mA 
OmA 

200 volts 
92 volts 

200 wuu 
400 W>llS 
400 wam 

66 per cent 

Two· tone 
120 mA 
475 mA 
380 watts 
600 WUts 
24 mA 
OmA 

200 volts 
92 volts 

190 watts 
400 w>tU 
200 watts 

52 par cent 

The amplifier should be tuned for maximum r.r. output 
and then the loading adjusted by C2 to give the screen 
currents given in Table 10.16, single lone input 40 mA, two-
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tone input 24 mA. Maximum r.f. output occurs at maximum 
screen current and not necessarily at minimum dip. (This is 
due to the relatively large anode to grid capacity of four 
valves in parallel-the effect is more pronounced at higher 
frequencies.) Operating conditions up to the maximum 
allowable p.e.p. output of 400 watts are also given in Table 
10.16. 

THE GlMA LINEAR AMPLIFIER 

A contrast to the amplifiers which have already been dealt 
with is provided by the circuit of Fig. 10.87. This design, for 
which credit is due to David D. Marshall , G2MA, has proved 
so easy to construct and adjust that it has been copied 
successfully by amateurs all over the world. Several modifi
cations, aimed principally at simplifying this circuit, have 
been described but none of them quite matches the per
formance of the original design, despite the fact that they call 
for more critical adjustment. While the peak output from the 
81 3 will be lower than that obtainable from a similar valve in 
a conventional class AB2 circuit, and the linearity is margin
ally poorer, the G2MA amplifier may be put into operation 
relatively simply. Stabilization of the screen supply is not 
required, and any bias which may be needed can be provided 
by a couple of dry cells. 

As will be clear from Fig. 10.87, screen voltage for the 
amplifier valve is taken from the anode supply via the drop
ping resistor RI. In the absence of excitation, the clamping 
valve V3 holds the screen potential down to a low value, so 
that the anode current passed by VI is small, despite the 
absence of fixed bias. For best results, a low impedance 
valve designed for voltage regulation should be used in the 
V3 position. The 6Y6, originally recommended by G2MA, 
is very good, and the 6AS7 ought to be even better, but the 
more common tetrndes such as the 6L6 and 807 are not 
suitable. When drive is applied, the negative r.f. pulses 
applied to the cathode of V2 via the capacitor C3 will be 
rectified, smoothed by the filter C6, RFC and C7, and 

SINGLE SIDEBAND TRANSMISSION 

0·00 2 * 
RFC M..H HT+ ___ .., 1500-
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5 5 8 
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R I 

1000. 

applied to the grid of the clamper valve as a negative d.c. 
voltage which ftuctuates at the same rate as the original 
modulation. This bias causes the current through V3 to 
vary in sympathy with the modulation, and as the current 
falls, the drop across R I decreases and the voltage applied 
to the screen of VJ rises. While the value of Rl is not 
critical, it must not be too high, or it may limit the maximum 
value to which the screen potential can rise and thereby 
restrict the ou tput of the stage. For optimum results the 
resistor should be chosen so that the current drawn by V3 
under no-drive condit ions is just below the value at which 
anode dissipation commences; but performance will net be 
materially affected if it is adjusted to pass about 50 mA. In 
the original version of the amplifier, the designer used a 
fixed resistor in the grid return of the 6Y6 clamper valve, as 
shown in Fig. 10.87. Some users claim that adjustment may 
be made easier and linearity improved if a variable resistor 
is substitu ted. If th is modification is incorporated, the 
amplifier should be operated under normal speech con
ditions and the variable resistor adjusted until the screen 
voltage rises smoothly to 400 volts on peaks. 

The G2MA amplifier is no exception to the general rule 
that the highest obtainable anode voltage should be used 
if maximum output is desired but when a supply much in 
excess of 1500 vol ts is used, the power loss in RJ becomes 
excessive. A separate low current supply of about 1000 volts 
may be provided to reduce this loss, or if full wave bridge 
rectification is used in the power supp!y to the final amplifier, 
a half-voltage tapping may be taken off a centre tapped 
transformer secondary winding. 

If maximum output is required, the G2MA amplifier 
should. be adjusted in the same manner as a conventional 
linear, using a two-tone test signal and oscilloscope. Toler
ably good results may, however, be obtained at lower output 
by setting the dri.ve so that the grid current meter reads 
5 mA with steady modulation. In the absence of an audio 
oscillator, a sustained whistle into the microphone will serve. 
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Loading should be increased smoothly, while observing 
closely the anode current meter. Beyond a certain point 
the current will cease to rise regula rly with further increase in 
loading; the correct coupling occurs just before this point of 
inflexion is reached. The anode current should be noted, and 
when the amplifier is used with normal speech modulation, 
the meter should not be allowed to kick higher than one third 
to one half of the value under sustained single-tone modula
tion. The screen current will peak to about 10 mA. As a 
final test, a local amateur should be asked to monitor the 
signal for splatter. If any is found, the coupling should be 
reduced until it disappears. Some reduction in drive may 
also be needed. Allhough this procedure will e11able a signal 
to be put on the air with a minimum of equipment, it leaves 
much t:o be desired, and adjustment with a cathode ray tube 
monitor is to be preferred. 

THE G2DAF LINEAR AMPLIFIER 

ln this linear amplifier the valves a.re operated under zero 

FUSE~~- 8 IA • IOV b:° MA 1-_ e 

M~~~J 1~ \f ®r;,i"" 
0 °005 HEATER J. 

IOOOV "':' TRAHSFORKER "':' "':' 

RI 
3000 
SEE TEXT 

bias conditions but without the complication of screen 
dropper resistors, stabilizer or clamper valves. The screen 
voltages are derived by rectifying a small portion of the 
input signal. The amplifier may be driven by the s.s.b. 
transmitter described on page 10.48 without modification. 

The complete circuit diagram is shown in Fig. 10.88. The 
diode rectifiers may be either semiconductors of the point 
contact type suitable for r.f. use, or alternatively thermionic 
valves. Suitable rectifier valves are available at low 
cost and were used in the original amplifier. The main 
requirement is a good heater-cathode insulation and a 
beater rating suitable for the additional 6 volt winding 
generally provided on standard p.a. heater transformers. 
Suitable valves are the Brimar 6U4G or the Mullard EY81. 
The Brimar valve is preferred because the anode connection 
is brought out to a base pin and, as this is underneath the 
chassis, it is screened from the p.a. output circuits. 

The pi tank coil is wound on an Eddystone 2t in. diameter 
ceramic former grooved eight turns per inch, and this is 

CS2 750 
t----'<)louTPUT 

RFC 
1·5mH 

"':' ALL RF EARTH CONNECTIONS TO BE WIRED TO COMMON EARTH POINT AS SHOWN 
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Fig. 10.88. Ci•cuit diagnm of the GlDAF linen ampli
fiu. SI should be op•n fo• 10, 15 and 20m., closed for 40 
and 80m. Details of LI and Ll are 1iven in the text. All 
fixed capacitors mica, exccipt the O·OOSµf JkV anode 
blockin1 capacitor and h.t .. bypa1.1 which are di•c ceramic. 
Fo• CSJ (hieh volta1e input) Bell inr-Lee chauio sockets 
a.nd c°"axial plus• are available coloured red. SI and Sl 
are ceramic switches. C·onnec;tions to the p an el mete.rs 
are made via coaxi a l cable. Suit:able 1c:re.en rectifiers are 
the 6U4GT, EY8 I and 6X4 with the anodea •~•apped 
to1ether. The circuit i1 equally •uitable for u1e with a 
pal• of 81ls which have IOV SA ftlamena. T he •evised 
arrangement of the r.f. bypaH capacitors and he:a t:er 
windinc is shown at th• left. Rl i1 made up with ten 2 

watt carbon rc.1i1tor1 wire d in parallel. 



allached to the switch SI before it is fitted to the panel. A 
gap of one groove is left between the the 15 and 20, and 20 
and 40m sections. The total winding length of 16 s.w.g. 
tinned copper wire is 3t in. For the lOm band the coil of six 
turns of 12 s.w.g. wire is spaced to approximately 2 in. long 
and is self-supporting- with the axis at right angles
be1wccn the tuning capacitor and the end of themain tank coil. 

The pi tank values depend on the required value of anode 
load (RL) and as with any amplifier it is important that the 
valves are operating into the correct load. If they arc not, 
both the power handling capabil ity and the efficiency will 
suffer. Assuming that v. is the h.t. supply voltage; v.(,.1..) 
the instantaneous anode voltage at its lowest point; J.("') 
the maximum signal anode current meter reading; then 
t.(1,.aA-) = I.(,1,) x K (where K is a constant dependent on 
the angle of current flow- in this case approximately 3) and 
R L = 2( V. - v ... 1.)/I • ..,.,,. For the ampl ifier under 
consideration RL = 2(2500 - 250)/0·3 x 3 = 5000 ohms. 

The pi constants arc then RL = 500 ohms; RL( • .,) = 
75 ohms. The ratio RdRi(0,,,) = 5000/75 = 66. The square 
root of 66 is approximately 8 and this is the reactance ratio 
(XCl : XC2). For a Q of 12: 

XCJ - RL/Q = 5000/12 = 416 ohms 
CX2 - XCJ/8 = 416/8 = 52 ohms 
XL - XCI + XC2 = 416 + 52 = 468 ohms 

These values are a simple approximation but are quite near 
enough for amateur purposes. From a reactance chart the 
values for 80m are Cl = 11 6 pF; L = 20 ,..H; C2 = 900 pF. 
Values for other bands scale down in the same ratio as the 
band wavelength as foll ows: 

Ba11d Cl L C2 
80m l 16 20 900 
40m 58 10 450 
20m 29 5 225 
15m 20 3-5 160 
lOm 15 2·5 113 

The type of transmiiter tunfag capacitor suitable for Cl 
generally has semi-circular rotor plates and therefore a large 
minimum capacity value- usually about 15 to 20 pF. This, 
together with circuit and valve anode capacity, will make up 
a total that is greater than required for the 10 and 15m 
bands. It is possible to overcome this in two ways, (i) 
redesigning the tank circuit for a higher Q value of, say, 
15 or 20; (ii) reducing the minimum capacity of Cl. A high 
value of Q in the tank coil will increase the circulating r .f. 
currents and therefore the losses. Accordingly the second 
expedient has been adopted and the tank capacitor was. in 
fact, made into a two-gang unit of 60 pF each section by 
sawing through the bars holding the stator plates. One 
section only is connected to the !Om coil and the anode r.f. 
blocking capacitor and this tunes the three higher frequency 
bands. The other sect ion is switched in parallel for tbe 40 
and 80m bands. In addition to reducing the minimum 
capacity value, this method also doubles the dial bandspread 
and makes tuning less critical on the 10. 15 and 20m bands. 

The required air gap for Cl is approximately one-tenth of 
an inch. A standard three gang broadcast tuning capacitor 
of 500 pF each section is suitable for C2 and provided the 
amplifier is working into a load (as it should be) the plate 
spacing is ample to prevent flashover. 

The r.f. choke comprises 300 turns of 32 s.w.g. enamelled 
wire wound in unequal sections-165, 65, 35, 20 and 15-on 
a ceramic former 1 in. in diameter and 5! in. Jong with a 

SINGLE SIDEBAND TRANSMISSION 

i- in. spacing between each section. Standard multi-section 
pie wound r.f. chokes are u nsuitable for pi-tank circuits and 
should not be used. A standard I ·5 mH r.f. choke rated for 
at least 300 mA is connected across the output co-axial 
socket as a safety precaution that should never be omitted 
when high voltages arc in use. Should there be failure of the 
r.f. blocking capacitor the h.t. current through the choke 
will blow the main h.t. fuse and prevent h.t. voltage reaching 
the aerial circuits. 

Constr-uction 

Constructors of any high power linear amplifier should 
realize that higher power may bring increased TVI problems. 
All reasonable precautions should therefore be observed. 
These include thorough screening, with v.h.f. r.f. chokes 
and non-inductive bypass capacitors on all outgoing supply 
cables, a single earthing point for a ll return paths for CI, C2, 
the screen bypass capacitors and the heaters of the p.a. 
valves. All connections carrying r.f. should be made with 
copper strip at least ! in. wide and 10 thou. thick and not 
more than 3 in. long-every endeavour should be made to 
keep these connections as short as possible and in fact the 
amplifier should be built as if operation is intended on 70 
Mc/s. If the amplifier is using one valve with the heater 
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Fi r. 10.89. Chassi s a nd panel layout ror the G2DAF Linear Ampl ifier. 
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winding floating and the transformer centre tap earthed, both 
heater pins of the valveholder must be effectively bypassed 
for r.f. with mica or ceramic capacitors taken to the common 
earthing point. On lhe higher frequency bands the trans
mitter output should be fed into the aerial via an efficient 
low pass filter givi11g at least 60db suppression at television 
frequencies in Band I (see Chapter 18-/merference). 

Fig. 10.89 shows a suitable chassis and front panel layout. 

Operation 

Tuning and loading is exactly the same as a conventional 
class AB amplifier. Initially the drive level is increased until 
the anode current meter reads 150 or 200 mA. With the 
loading capacitor fully meshed, the anode tuning is adjusted 
for a dip in anode current. With the tank circuit at reson· 
ance, the screen current will be a high value. As the loading is 
increased by reducing the capacity of C2, the anode current 
will rise and the screen current will fall in the usual manner. 
The drive can now be increased until the grid, screen and 
anode currents are the required values. 

Should the amplifier have been built using some other 
type of valve, the manufacturers' figures for class AB! or 
AB2 working can be used initially. U an oscilloscope is 
available the amplifier should be driven with a two-tone input 
and the modulation envelope monitored on the c.r. t. It is 
1hen a simple matter to adjust excitation, tuning and loading 
for maximum r.f. output consistent with adequate loading 
to prevent flat topping or other distortion of the modulation 
envelope. The grid, screen and anode currents are then noted 
and in all subsequent operation the amplifier is adjusted to 
obtain these values. If an oscilloscope is not available, the 
loading should be adjusted so that the dip in anode current 
is not more than about 20 per cent of the off-resonance 
value, i.e. 250 mA off-resonance-load to 200 mA at reson
ance. A golden nile to observe is, " If in doubt, load 
heavily I " Under speech conditions adjust the exciter audio 
gain or r.f. drive so that the anode meter docs not swing 
beyond half the steady signal value. Remember that the 
meter movement cannot follow at syllabic rate-if it swings 
up to 150 mA, the true maxi.mum signal current is at least 
twice this value. 

TABLE 10.17 

A mateur Band operatlnr condition• (400 watt& p.e.p. output) 
for two QYJ-115 valves. Va - 2·5 kV. 

Anode current 
Power Input (d.c.) 
P.E.P. Input 
1,, 
lg , v,. 
Va, (r.m.s.) 
Driver Load (p.e.p. out) 
Anode Dissipation 
Power Output (me•n) 
P.E.P. Output 
Anode Efficiency 

Single· tone 
250 mA 
650 w•ttS 
650 watts 

38 mA 
70mA 

IOS volts 
65 volts 
JOwatu 

250 wam 
'400 watu 
-400 watts 

61·5 per cen t 

Tw°""rone 
175 mA 
·HO wam 
660 wo<u 

21 mA 
i5 mA 
75 volts 
Mvolts 
35 Watts 

1'40 Watts 
100 w•tts 
'400 wa.tts: 

-i46 per cent 

Typical oper-a.tion with 300 ohm grid sw2mping: resiscor. 
With an anod e supply ol 3 kV the efficiency ftcurcs will show an 

improvement on those quoted. It is e.stimued that they will be u 
follows : 

Sinrle·tone efficiency - 72 per cont. Two·tonc efficiency ci 58 
per cine. 
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THE 813 TETRODE 

In many ways the 813 is a quite remarkable valve-in 
fact its performance in this amplifier is quite outstanding. 
With 2·5 kV anode potential it is possible to run one valve 
to the full maximum licence rating of 400 watts p.e.p. out
put. This is possible without degradation of linearity. 
Reports received during three months experimental operation 
on the 80 metre band all indicate that distortion products 
were at a level of 5 to 6 db better than with the same valve 
used at its full output power in conventional Class ABl. 

Because the valve exceeds the rating only on voice 
" peaks " and bas resting periods in the " troughs " the 
average dissipation over a period of time embracing a 
number of words is less than half of the peak-signal value. 
A valve may therefore be grossly overdriven without 
suffering damage. 

One 81) Valve 
(Va= H kV) 
Anode Current 
Power in (d.c.) 
P.E.P. input 
Scroen cu rre.n c 
Grid current 
Screen volt.aie 
Grid Drive (r.I.) 
P.E.P. output 
Power output (mean) 
Anode efficiency 

TABLE 10.18 

Sin1/..ione 
260 mA 
6SO WUts 
6SO wuts 

17 mA 
2S mA 

2 10 volts 
110 volts r.m.s. 
~00 watts 
400 WatU 
61 ·S per cent 

Two-ton.c 
200mA 
$00 Watts 
650wuu 

8mA 
llmA 

170 volts 
105 volts r .m.s . 
iOO wotts 
100 watts 

-40 per cent 

The 813 running 10 a p.e.p. output of 400 watts is being 
operated at a level where the two-tone input power is 500 
watts d.c. and the anode dissipation is 300 watts. This is 
greatly in excess of the manufacturers' rating of 125 watts, 
and while it is permissible to do this under voice input con
ditions where the valve is only being driven to its peak input 
at syllabic rate, it would be dangerous under continuous 
single-tone or two-tone input conditions. This means that 
the amplifier-at maximwn input--<annot be correctly 
loaded or monitored on the oscilloscope, other than for a 
very short period of time. For this reason it is recommended 
that a single 813 is not driven to a power output of more than 
100 watts p.e.p. if continuous 2-tone measurements are 
intended. 

At 2·5 kV anode potential the zero signal anode current 
(one valve) is 45 mA and the anode dissipation 112·5 watts. 
This is just inside the rated dissipation of J 25 watts and 
therefore limits the maximum h.t. supply voltage to 2·5/2·75 
kV. For those who do not like high voltage power supplies, 
the valve will operate just as satisfactorily in regard to low 
distortion product level with l ·2/1 ·5 kV, but obviously the 
output power and the efficiency will be less. 

The 813 is a high voltage-low current valve and therefore 
requires a high value of anode load (RL). For one valve at 2·5 
kV anode voltage the recommended value of RL is 10,000 
ohms, and for two valves in parallel 5000 ohms. Table 
10.18 gives tile maximum signal operating conditions for 
both single-tone and two-tone inputs. Reference to the 
Mullard manual Valves for Single Sideband Suppressed 
Carrier Service will show, however, that at 2·5 kV anode 
potential the usual figure for two-tone efficiency for the 
modern tetrodes is nearer to 40 per cent and in practice any 



amplifier giving an efficiency figure for two-tone input of 
between 40 and 50 per cent is doing very well and can be 
considered to be operating in a satisfactory manner. Fortu
nately the s.s.b. operator is rated by the GPO on output 
power so the lower efficiency of the sideband linear amplifier 
is not of any particular importance. Wbat is of particular 
importance is the amplifier linearity-the better the linearity 
the lower the distortion product level. It is far better to 
operate at a lower level and sacrifice some of the efficiency. 

POWER SUPPLIES 

It is possible to use almost any power supply to provide 
operating potential for a single sideband exciter and linear 
amplifier. Nevertheless, if a first class signal is the aim, it is 
well worth the effort involved either to re-build making use 
of those components that are suitable, or alternatively to 
start with a circuit specifically designed to meet the 
specialized requirements of s.s.b. equipment. 

These requirements may be summarized as follows: 
(a) Carrier oscillators, balanced modulators and v.f.o.'s 

must be fed from a stabilized supply-usually at 150 
volts. 

(b) Any hum ripple on the 250-300 volt exciter supply to 
the carrier oscillator or the audio valves would 
unbalance the modulator and produce a hum modu
lated carrier. This necessitates above average smooth
ing and large capacity values in the rectifier filter 
network. 

(c) A rough " carrier" will also be produced if any 50 c/s 
mains ripple is induced via a cable harness (between a 
separate power pack and the exciter) in which one 
side of the heater supply is common to the h.t. nega
tive feed cable. There is also the risk of mains hum 
being induced due to heater cathode proximity in the 
audio or carrier oscillator valves. This difficulty can 
be overcome by a two-wire heater circuit that is 
balanced to earth. 

(d) An r.f. power amplifier can oaly operate in a linear 
manner if the anode voltage remains constant in 
potential. The current demand is at syllabic rate and 
may vary over a range 50 mA to 500 nv\ or more 
(depending on the type of amplifier) while trans
mitting. This entails a supply with good dynamic 
regulation. 

(e) A class AB! amplifier can only operate in a linear 
malUler if the screen supply is held absolutely con
stant in potential at all times. It is therefore necessary 
to provide the screen voltage recommended by the 
valve manufacturer that will hold iis regulation over 
the " zero signal "- " maximum signal " current 
range. 

(f) An r.f. power amplifier can oaly operate in a linear 
manner if the negative control-grid voltage remains 
constant in potential. There must also be provision 
to vary the voltage output by a pre-set control-this 
is necessary to be able to set the zero signal standing 
anode current to the optimum value, either as given 
by the valve data sheet, or obtained during adjust
ment with the oscilloscope. This means a "stiff" 
bias supply. 

SINGLE SIDEBAND TRANSMISSION 

While very good smoothing is necessary in the low voltage 
supply to the exciter, the conditions in regard to the high 
voltage supply to the p.a. valves are quite different because 
the anode current of a tetrode is almost independent of small 
changes in anode potential and hum ripple will not anode 
modnlate the signal. The dynamic regulation over the range 
of 50 mA to 500 mA is, however, very important because a 
fall in anode voltage at the moment of peak current demand 
would prevent the p.a. handling the peak signal and cc>uld 
cause flat topping and distortjon. In the high voltage supply 
the customary smoothing chokes are therefore omitted and a 
large value of reservoir capacity is placed directly across the 
rectifier output. 

The bias supply is made " stiff" by the use of a generously 
rated mains transformec and rectifier together with ample 
capacity and a rela tively heavy bleed current through a 
resistive load network. 

AN EXCITER POWER SUPPLY 

A power supply meeting the specified requirements is 
shown in Fig. 10.90. This is suitable for feeding an exciter 
using SB/254M or 6146 driver valves, normally run with 
700-750 volts on the anodes. All components can be 
mounted on a chassis measuring 14 in. x 10 in. x 3 in. 
deep. Points to note are: 

(a) The heater voltage of 6·3 volts a.c. is balanced and 
" floating " above earth. 

(b) The bias supply is stiff and also provides a wide range 
of adjustment. 

(c) The 50µF capacitor between the 200 volt rai l and earth 
ensures, together wi th the bleed through the series 
resistors and stabilizer valve, a stiff screen supply with 
a low impedance to the demand that will vary at audio 
rate. 

(d) The high value of effective capacity of 80 µF across the 
5R4 rectifier valves gives an output voltage of 700- 750 
from a secondary winding of 550 volts and ensures 
excellent dynamic regulation. 

SI is provided so that the anode h.t. can be reduced to 
permit operation on the 160m band without exceeding the 
licensed power limit. This switch must never be used for 
runing and loading purposes on the other bands. A 6146 
valve fully driven with a low voltage on the anode and normal 
vo!tag~ 011 the screen will take excessive screen current . the 
rated screen dissipation will be exceeded and the valve may 
be destroyed. 

POWER SUPPLY FOR A LINEAR AMPLIFIER 

Fig. 10.91 shows the circuit of a power amplifier power 
supply. Tl is a transformer specia!Jy made for 866s with 
5000 volt insulation, and the high voltage transformer T2 
was manufactured by Woden. T he absence of smoothing 
chokes together with a total of 24 µF capaci ty ensures good 
dynamic regulation. Resistors R3 and R4 provide a steady 
50 mA bleed current and also ensure that the reservoir 
capacitors arc discharged when the h.t. transformer is off. 

The bleed current through RI and R2 in series is the full 
40 mA rating of the VRl50s-this ensures that should the 
p.a. screen current exceed 40 mA the regulators will go out 
and the potential on the screen rail will fall and protect the 
amplifier valves. 
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PRIMARY 
OF T2 
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52 
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CONTACT t. 

GAP 
1 

i IOOK TO 600V 
~HT LINE 

240V, 1000 WATT 
FIRE ELEMENT 

~ 5000!'1. REL AY 

Fig. 10.92. Relay.operated surge limiting circuit. 

Mercury vapour rect ifiers such as the type 866 require the 
heater to be at full operating temperature before the anode 
voltage is applied. Switch on sequence is therefore SI, a 
wait of not less than two minutes, then S2. (When initially 
put into service the 866 valves should be run for at least 15 
minutes with heaters only, before anode voltage is applied, 
to remove all traces of mercury from the cathode.) 

As shown in Fig. 10.91 there is no provision of any kind 
to limit the initial surge current and theoretically this could 
strip the rectifier valves. 

HT 
ON-OFF 

SOOlllA 

If surge limiting is required, this may be provided by 
connecting a 60 or 100 ohm wi1·e wound resistor in series 
with the switch S2 and the primary winding of T2. (A 240 
volt 1000 watt spiral fire element wound round a ceramic 
tube is very suitable because it may be left in circuit for an 
indefinite period-for instance while making preliminary 
amplifier adjustment with reduced anode voltage.) When 
the h.t. output voltage iises to its maximum value, the surge 
limiting resistor may be short circuited manually or by a 
5000 ohm relay taking its energizing current via a JOO K 
5 watt resistor connected to the 600 volt screen supply. A 
suitable circuit is shown Fig. 10.92. 

SILICON RECTIFIER POWER SUPPLY 

It is possible to obtain dual voltage output-700 volts and 
300 volts-from one 350-0-350 volt secondary winding by 
means of silicon rectifiers in a bridge circuit. The regulation 
of the output voltage is directly dependent on the quality of 
the mains transfom1er which should have a low resistance 
secondary winding. ll should preferably be rated for at least 
450 mA current drain. 

700/7SOV 

160f!F 
450V HIGH 

POWER 

LOW 
160f!F POWER 

450V 

ISK 
IOW 

SI 

I THE~E CO~PONE~~ 
· MAY BE ON ' I EXCITER CHASSIS I 

2 I 
VRISO 

200f F 
350V 

I. ISOV 
REG 

I 

10.66 

SA 

fl 

:: MAINS 
:: oN-OFF 

JI( 

ISK 
IOW 

I 
6.Jv 

HEATERS 

AC MAINS 

1· 5K 
I 210V 

6146 
SCREENS 

~-·-·_J 

MUTING 01AS 
- IOOV 

POWER SOCKET IOWAY 
0ELLING LEE TYPE L.332 
(PLUG TO MATE L.1244} 

PA HT 
275/ 
700V 

Fig. 10.90. Circuit diagram of" power supply suitable for use with an exciter. 
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4KV Wkg 

RI 
25 K 
esw 

25K 
asw 
R4 

R2 
25K 
asw 

4 x VRI SO 

CSI 
2·5 / 2°7 KV 
ANODE SUPPLY 

CS2 
600V 
SCREEN SUPPLY 

-45 /125 V 
PA BIAS 

Fi1. I0.91 . Power 1upply for a linur amplifier. RI and Rl a nd the VR ISO 1tabil iurs may be on the p.a. chusis. The secondary of Tl is r~ted 
at 500 mA. MI is a 3000 volt meter. 
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Fis;. 10.93. Dual voltace power aupply 
usin1 silicon r,ec;tifien. 
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A suitable circuit is shown in fig. 10.93. The h.t. bridge 
requires eight silicon rectifiers and these should each be 
rated for not less than 800 volts peak inverse. Shunt re
sistors of 220 K ohms must be wired across each silicon 
rectifier in order to stabilize the operating conditions. The 
0·01 µF capaci tor in series with the 2·5 K resistor is a pro
tection against mains supply switching transients. 

Construction 

Constructional details for this and the two pr~vious power 
supplies are not given since these will vary wi th the 
constructor's requirements. The layouts are not critical, but 
if major components other than those shown are to be used, 
reference should be made lo Chapter 19 (Power Supplies) 
for suitable parameters. 

CONTROL SYST EMS 

One of the major advantages of single sideband operation 
is the ability to be able to carry on a natural conversation. 
It is customary to control the transmitter and receiver with 
muting bias that is switched with a change-over relay 
operated by a press-to-talk button or by a VOX (automatic 
voice control) system. 

Many experienced s.s.b. operators consider that the 
additional components and complication or a fully auto
matic VOX system is not wor th while; everything the voice 
control system can do can be done equally well with a 
simple push-button mounted on the microphone or a foot 
swi tch. This is, however, a matter of personal opinion and 
every operator is entitled to use the system that appeals to 
him best. 

ideally, the muting bias would be switched electronically 
and there would be no problem of cl icking relays. There is 
the further problem of aerial change-over, and if t he system 
is electronic the aerial switching must also be electronic 
using some form of TR switch. Unfortunately the most 
satisfactory TR switch is the high impedance type linked 
back to the linear ampli fier output ci rcuits, and a s.s.b. 
amplifier-drawing a co nsiderable zero-signal anode current 
-is a most efficient noise generator. To stop 1he noise 
generation the p.a. must be made non-conducting during 
receiving periods; this is possible either by removing the 
screen potential or by applying additional negative voltage 
10 the control grid. However, it is not practicable if the 
amplifier happens to be a zero bias triode or a tetrode in a 
G2DAF amplifier circuit where there is neither bias or screen 
voltage. T here is also the problem for those amateurs using 
mercury vapour rectifiers in gett ing rid of rectifier hash. 

In general, aerial change-over relays are used with a 
further relay as the" master control" built into the exciter. 
This system is simple and works very well. The only com
plaint is that of relay noise- this applies particularly to the 
aerial relay. This is often due to the use of heavy duty, wide 
gap, aerial change-over relays- That this is so indicates a 
failure lo appreciate that if the control circuit is properly 
designed, the aerial contacts ha.vc only to pass the aerial 
current and not to switch it. A Post Office type 3000 (or even 
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smaller) relay is quiet in operat ion and usually perfectly 
suitable. 

The small bias supply unit may be built into the main 
power pack and a lead feeds through into the exciter 
chassis. This negative voltage not only provides bias for the 
driver valves but may also be used as the source of negative 
muting voltage. 

Fig. 10.94 shows a circuit with the controlling relay 
mounted on the exciter, and the connections from the 
second pole going to a tem1inal block on the rear chassis 
apron. Any small mains transformer rated for 50 mA is 
sui table for Tl and if there is a centre tapped secondary 
( 120-0-120 volts or thereabouts) two rectifiers only can be 
used instead of the four shown. 

It will be noted that the negative output of JOO to 125 volts 
is fed simultaneously to both the receiver and t he exciter 
muting rails. H owever, the receiver is operative because the 
change-over relay contact is short-ci rcuiting the nega tive 
voltage down to earth. When the press-to-talk button is 
depressed, h.t. current flows through the 47 K ohms resistor 
and energizes the relay winding (this may be any suitable 
value from 3 K to 12 K ohms). The change-over contact 
moves over and short-circtlils the exciter muting voltage to 
earth. At the same time the aerial contact closes and com
pletes the circuit feeding the 12 volt energizing current 10 the 
aerial change-over relay. 

Points of this system to note arc: 

(a) For a moment of time while the relay pole is in a mid
position, both exciter and receiver are muted. Because 
of thfa, the receiver goes " dead " before the trans
mitter comes on and there is no thump from the loud
speaker. 

(b) After a period of transmission the exciter is muted 
before the receiver can recover and there cannot be 
any " howl back." 

(c) The exciter is muted and there cannot be any trans
mission of r.f. from the power amplifier while the 
aerial relay is changing over. For this reason, the 
relay contacts do not switch, but have only to carry, 
the aerial current. The maximum voltage appearing 
across the open receiver contacts is equal to the 
square root of the product of the power output a nd 
the aerial impedance. 

T he aerial relay is a Post Office type 600 with a low re
sistance coil and is energized with a simple 12 volt supply 
made up with a battery charger type metal rectifier and a 
suitable low voltage mains transformer. A siJ icon d iode 
could of course be used in a simple half-wave circuit. 

T he most suitable relay is a two pole change-over type. 
One pole changes over the aerial and the other pole is 
a rranged to short-circuit the receiver input during trans
mission periods as a protection for the receiver input ci rcuits. 
This is shown in detail in the circuit of Fig. 10.95. 

A metal chassis is a wonderful sounding board, and any 
relay-even the miniature type- will make a noise if it is 
bolted directly to a sheet of metal. The best method is to 
isola te it from direct contact by means of a flexible rubber 
mounting. The 12 volt supply, the co-axial input sockets 
an r.f. ammeter if required, and the relay for the aerial 
system are mounted in a small aluminium box about 
8 in. x 6 in. x 2 ~ in. deep. 
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AN ELECTRONIC VOICE CONTROL UNIT 

A voice-controlled switch is, as its name suggests, a device 
which will switch on some associated equipment, such as a 
transmitter, when a voice signal is present. The usual method 
of achieving this is to rectify the applied audio signal and use 
it to control the bias on the grid of a valve which bas in its 
anode circuit a sensitive relay connected to the associated 
equipment to perform the switching. 

A time delay must be incorporated so that the relay does 
not respond to each individual syllable of the speech but 
only to the presence, or absence for a specified length of 
time, or the input signal. The delay is generally arranged by 
means of a capacitor in the grid ci rcuit which is charged by the 
rectified audio input and which discharges through a resistor 
when the input is removed. A disadvantage is lbat the time 
delay is dependent upon the voltage to which the capaci tor 
has charged. If the last sou nd input was of low intensity, then 
the delay will be short and if or high intensity, the delay will 
be long. With this type of ci rcuil, a sensi tive relay is required 
and so precautions have to be taken to ensure tha t noise 
from the relay is not fed back through the system as this will 
cause instability. 

Voice control circuits which do not employ relays are also 
in use. l n these a valve is connected between earth and a 
negative voltage rather than a positive voltage and earth. 
A. negative bias voltage can therefore be obtained to switch 

an external circuit wi thout employing relays. Since p-n-p 
transistors require negative voltages fo r their normal 
operation, their use in a circuit of this nature should be 
advantageous. 

CHARGER 
RECTIFIER 
12V IA 

) Tl 
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MAINS 

0 

I0.9S. Aerial chance.over system. Tl may be any trilnlformer 
chat will give ~bout IS volts output. The relay i1 eneraixed for 
trans mit-this en::able1 the receiver t o be u 1od when the transmitter 

is off or disc;onnected. The relay is a two pole chan1&o-0ver type. 
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To assess this advantage it is necessary to compare the 
large signal characteristics or valves and transisiors. Con
sidering the circuit shown in Fig. 10.96 wi th the valve anode 

-(v+v) -v 

OUTPUT 
AT EARTH 
POTENTIAL 

Fie. 10.96. Ba.sic va1ve circuit Fie. ID.97. Ba.sic tra n1ist.or circuit.. 
- (V+ v) veater than - V. (c, collector; b, ba1e; e, emitter). 

connected to earth via a res1st1ve load and the cathode 
rc!urned to a negative potential ( V) then for a value or grid 
vol!age more negative than the cathode potential, no anode 
current will flow. Since no anode current is flowing there 
can be no voltage drop in the anode load and so the anode 
is at earth potential. As the grid is brought to the same 
potential as the cathode, anode current will flow and the 
anode voltage will fall towards -V until the valve bottoms or 
the product of anode voltage and current is limi1cd by the 
anode dissipation of the valve. At this point there will still 
be a large voltage across the valve as it has qui!e a high 
impedance. This voltage has lo be added 10 that required to 
switch !he external circuit 
when thch.t.voltageisbeing 
determined. Since a nega-
tive output voltage is 
required, the valve has 
to operate with the cathode 
at a high negative voltage 
and this may lead to a 
breakdown of the heater-
ca!hode insulation. 

With a p-n-p transistor 
in the grounded emitter 
configuration (Fig. 10.97) 
the situation is rather 
different. When a slight 
posi tive bias is applied via 
the transistor (Rb) to the 
base, the transistor is cut 
off. The cut-off is not 
complete: some leakage 
current (of the order of 
micro-amps) still flows. 
The collector voltage is 
therefore not quite equal 
to the supply voltage but 
with a low value of 
collector load (Re) the 
difference is only frac-
tional and can be neglected. 

TRI 
OC72 CRI 

GEX54 

flow and by transistor action the collector current will 
increase. ln consequence tbe voltage drop across the 
collector load will increase and the collector voltage will 
move towards earth. A certain value of base current will be 
reached beyond which there will be no change of collector 
voltage as nearly all tbe available supply voltage will be 
dropped across the collector load. The rest is a small 
potential difference of the order or 0·2 volts across the 
transistor itself from collector to emiucr. The transistor in 
this condition is termed .. on," " saturated," or " bottomed" 
and when only leakage current flows it is termed "off." 

The total value of current possible in the collector circuit 
depends upon the input current and the current gain in 
grounded emiltcr (u.' or /3) of the transistor. Owing to the 
wide variation in transistor characteristics the circuit must be 
designed taking a minimum value for a.' to ensure that the 
required current is obtained with all transistors. No dan1agc 
is done if the a.' is higher than the value assumed, since the 
collector load will limit the current to the design value. 

The advantages of tbe transistor for this application, apart 
from the suitabili ty or supplies mentioned o riginally, are 
therefore: 

(a) Full use or the available voltage, i.e. the output can 
swing from - 0·2 volt (transistor bottomed) up to the 
maximum supply voltage. 

(b) Low power dissipation in both states: OFF, high 
voltage, low current; ON, low voltage, high current. 

R3 
IOK 

TO TRANSMITTER 

Ir the input voltage is 
now made steadily nega
tive, base current wi ll 

Fie. 10.98. Com plete circui t d iagram . The outputs to the t ransmitter and 1·ecoivcr a.re connected to 
t he earthy e nd o f the arid c ircui t of th e controll ed staces . The audio in put from the speech am plifier 

sho uld be or the order or 3 vo lts. 
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(Maximum dissipation occurs at half the voltage 
swing when half the maximum current is flowing.) 

(c) No heater-cathode insulation worries. 

With these points in mind, the circuit of Fig. 10.98 was 
developed. The maximum voltage the transistors can safely 
stand is - 30 volts and so this was used, it being a convenient 
value also for biasing off valves in receivers and low level 
transmitter stages. The values of collector resistors were 
chosen to ensure bottoming at low current levels and so 
reduce the drain on the battery. The necessary delay is 
effected by the large capacitor C2 connected from the base 
circuit of TR2 to earth. The value must be high because of 
the low resistance discharge path through the base--emitter 
junction. 

1n order that the second stage may be quickly driven into 
saturation, the input source must supply su.JJ:lcient current to 
charge the capacitor to the required voltage in a very short 
time. Since some form of isolating circuit is also required to 
reduce the loading effect of the large capacitance on the 
preceding speech amplifier, an emitter follower is used. This 
stage is biased in such a manner as to rectify the input 
speech waveform and so fulfils three functions. An OC72 
is employed in this position since a high value of tr.' is 
required. 

The operation of the circuit is as follows. 

With no input signal to the emitter follower (TRI), this 
transistor is cut off due to the positive bias on its base, with 
respect to the emitter, and so the only current that nows is 
from the + 6 volt supply through the resistor R2 and the 
diode CRl to earth. This holds the emitter of TRI, the 
capacitor C2 and hence the base of TR2 at a very slight 
positive potential and so ensures that TR2 is cut off. At the 
same time TR3 conducts, being supplied with base current 
from the - 30 volt supply. When an alternating signal is 
applied to the input, the emitter of TR I follows the negative 
excursions, the positive ones being suppressed owing to the 
biasing. As the emitter goes negative, the diode CR l is 
reverse biased and so can be considered out of circuit, leaving 
C2 to be charged to the peak d.c. value of the emitter voltdge. 

The second stage is arranged to saturate when the capacitor 
C2 is charged to -0·5 volts and so its collector will remain at 
earth potential while tlJe capacitor voltage is more negative 
than this value. The capacitor C3 in parallel with the base 
resistor of this stage helps to reduce the response time of the 
transistor since, for rapid changes of input, it is virtually a 
short circuit. The steady state conditions are maintained by 
the value or the base resistor. Owing to the smoothing effect 
of the capacitor C2 and the low impedance discharge path 
through the transistor, it will be found that the emitter 
voltage of TRI is almost constant while an input is applied, 
such variations as are present being small compared with the 
target voltage of + 6 volts. In this way, the time delay can 
be made largely independeot of the input intensity. The 
djscharge of C2 controls the delay before the circuit rerurns 
to its original condition. 

The discharge rate is, of course, exponential and depends 
upon the values of R2, C2, the voltage to which C2 is 
charged and the target voltage ( + 6 volts in this case). This 
rate of discharge will be high initially and this is the charac
teristic required to ensure that TR2 and TR3 pass quickly 
from one condition to the other once it is obvious no further 
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input is to be applied. However, the nearer the potential of 
C2 becomes to the target potemial the slower will be the dis
charge and this would upset the switching action. Use is 
therefore made of a positive target voltage ( +6 volts), to give 
a high discharge rate, and of diode CR I. Once the potential 
of C2 becomes slightly positive CR! conducts and "clamps " 
the potential of C2 to earth. By this means, only t11e first 
rapid portion of the discharge characteristic is employed. A 
parallel discharge path is provided by the variable resistor 
R3 to allow some variation of the time delay to suit in
dividual requirements. 

The third stage is merely an inverter to give a negative 
bias voltage for the receiver when the transmitter is turned 
on. The high value or capacitor across the base resistor is 
unconventional but is necessary to speed up the turn off 
time of the receiver. T his enables the receiver to be com
pletely muted before the transmitter is fully energized and so 
the operation is smooth and quiet. Another approach to this 
would be to slow down the turn on time of the transmitter 
but this would tend to produce excessive clipping of the first 
syllable and so reduce the cfllciency of the device. Owing to 
its recovery time, the receiver does not regain full sensitivity 
until the traosmitter is biased off again and so no noise is 
generated in the change-over. 

A further difficulty sometimes encountered when voice 
control circuits are used with a loudspeaker is the tendency 
for sounds from the loudspeaker to switch the circuit over. 
A slow form of oscillation can then develop since when the 
receiver goes off the sound from the loudspeaker which 
initiated the switching also disappears. After a length of 
time governed by the delay components, the receiver will 
come on agaio, the sound from the loudspeaker will once 
more trip the circuit and the cycle will be repeated. 

ln this instance, the gain of the speech amplifier feeding the 
voice control unit has been held to the minimum necessary 
for reliable operation when speaking about two inches away 
from the microphone. T he loudspeaker is placed some 2 ft. 
away and so does not trip the voice control circuit. As a 
result no anti-trip circuit is included. lf tripping does occur, 
it is possible to feed a voltage from the receiver so that it 
cancels the voltage produced by sounds from the loud
speaker which are picked up by the microphone. 

Construction 

The form of construction is not important, although the 
original unit was built mainly on a tag-strip. No diflkul ties 
should be encountered in this respect, the only point to 1101.e 
being that the bias line decoupling components should be 
placed as dose as possible to the controlled stages in the 
transmitter and receiver. 

The 30 volt battery is a small deaf-aid type, whi le the 
- 3 volt and + 6 volt supplies are obcained from a 9 volt gricl

bias battery. 

Conclusions 

On-the-ai r tests have shown that clipping of the first 
syllable is negligible even fo r words which start with a 
"soft" sound such as electron or microphone. The time 
delay before the circttit switches to receive can be made 

short, so that a normal pause for breath will allow it to 
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AERIAL 

TRANSMITT 

Fie. 10.99. 

HT+ 
250V 

RFC 

IOOpF 
r-----t-@ RECEIVER 

Low impedance electronic aerial switchi ng using a 
double -t r iode. 

switch, or long so tha t a more definite pause is necessary. 
Once set, this delay is virtually independent of the intensity 
o f the last sou nd. 

The current drain is nearly constant al 4 mA and so small 
batteries can be used to power the device. This drain could 
be fur ther reduced by using, with suitable circuit modifica
tions, an 11-p - 11 transisto r for T R3, the inverter. The drain 
would then be abou t 1 mA on standby and 7 mA when 
energized. 

Suitable switching is included to provide manual or VOX 
operation, as well as to remove the voltage supplies when the 
unit is ou t of use. 

Electronic Ae r ial Switching 

An electronic voice control unit will also necessita te the 
use of an electronic TR switch. T his may be the low im 
pedance type interposed between the aerial co-axial cable and 
the transmitter 75 ohms output socket or, alternatively, the 
high impedance type buil t as a unit adjacent to the power 
amplifier valves and associated pi tank coil. 

T he low impedance type is shown in the circuit of Fig. 
10.99. The first half of the valve behaves as a cathode 
follower, coupling into the second half arran ged as a 
grounded grid amplifier. On transmit, the heavy grid current 
biases the input section to cut-off and the receiver input 
circuits are isolated from the transmitter r.f. output voltage. 

A suitable high impedance type is shown in the circui t o f 
Fig. 10.100. This should be buil t as a unit and mounted on 
the p.a. chassis in order to keep the r.f. input connection 
reasonably shor t. 

The anode winding is 60 turns of 38 s.w.g. enamelled 
wire, wound round a dust core, with the winding tapped 

IM 

0 ·001 
lOli---1~ RECEI VER 

Fi1. 10.100. H igh im pe da.nco ci rcuit fo r e lectronic a~ri a l swi tchi ng. 
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eight turns from tbe b.L end. Any conunon r.f. pentode 
such as the EF91 (6AM6) or EFSO is suitable. During 
reception the valve behaves as a low gain r.f. amplifier feel 
from the pi tank which should be resonant at tbe receiving 
frequency. During transmission periods the valve takes 
heavy grid current and is biased to vi rtual cut-off, thus 
isolatin g the receiver input from the transmitter r.f. output. 

It should be borne in mind that electronic TR switches can 
be possible sources of TVI. 

Control systems are deal t with in greater detail in Chapter 
8 (Keying and Break -in). 

SING LE SIDEBAND TRANSMITTERS 

lt has a lready been shown that the requirement of all
band coverage materially increases the complexity of design. 
A decision to restrict operation to a limited number of the 
h.f. amateur bands can bring about a worthwhile gain in 
circuit simplicity. The newcomer to signal sideband who is 
embarking on the construction of a s.s.b. traDsmitter for the 
ftrst time may well be very willing to sacrifice two of the 
lesser used amateur bands in return for the advantages of 
simple construction and straightforward alignment. 

A FOU R BA ND TRANSMITTER 

The single sideband transmitter shown ill Fig. 10.101 may 
be used directly into an aerial system or alternatively as an 
exciter to drive a higher powered final amplifier. It has been 
designed to provide a high quality signal on the four most 
used amateur bands of 80, 20, 15 and lOm. 

Initial sideband generation from a mechanical filter on a 
nominal frequency of 455 kc/s is heterodyned by the v.f.o . 
tuning 3·955 to 4·455 Mc/s to give a tunable s.s.b. output in 
the 80m band from 3·5 to 4 Mc/s. For 80111 operation this 
output is swilched straight through to the grid of the EF 80 
voltage anlplifier valve V9. For tbe three higher frequency 
bands tbe SOm output from T4 is switched to one grid of the 
l 2A T7 mixer valve V7. The signal is then hcterodyned by 
the output of the switched crystal controlled overtone 
oscillator VS to give the required output on 10, 15 or 20m. 

Coil winding has been reduced to Lhe minimum by making 
the three variable capacitors VC2, VC3 aDd YC4 tuning the 
signal frequency stages large enough in value to give the 
necessary 4 : I capacity swing to enable the 14, 21 and 28 
Mc/s ranges to be resonated using one coil only in each anode 
circuit of V7, V9 a nd YIO. An addi tional coil L4 tunes the 
80m baod output. 

The audio stages VI (EF86) and the first half of Y2 
(12AU7) arc a straightforward voltage amplifier. The second 
half of Y2 is connected as a cathode follower to present the 
correct impedance to the OA79 diode modulator. Output 
from the carrier oscillator V3 is fed via a step-down winding 
on Tl to the OA 79 diodes and the carrier balancing potentio
meter VR 2. Oscillator output is also fed to VR3, the 
CARRtr:R INSERTION control, so that an r.f. signal at the carrier 
frequency can be fed round the sideband filter and used for 
carrier insertion or netting purposes. 

T2 together with Lhe 75 pF and 1000 pF reso11ating capaci
tors forms an impedance step-up transformer to provide the 
correct matching to the Kokusai mechanical fi lter. The filter 
is required to provide a high sideband output (i.e. the carrier 
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crystal must be on the /0111 frequency side of the filter re
sponse) because the required low sideband output in the 80m 
band is the low sideband of the frequency translation process 
and this produces a frequency inversion (i.e. the heterodyn
ing input from the v.f.o. is higher than the wanted output of 
3·5-4·0 Mc/s. This changes a high sideband signal to the 
mixer into a low sideband signal out of the mixer.) 

The low level s.s.b. output from the filter is amplified by 
V4 operating in class A, and fed into the 455 kc/s r.f. trans
former T3 feeding the grids of the balanced mixer V6 in 
push-pull; this valve also receives the heterodyning input 
from the v.f.o., V5, in parallel and this enables the mixer 
valve to be balanced by adjustment to VR4. With the BAND 

switch SI to S6 in the first position, 3·5-4·0 Mc/s output is 
connected directly into the grid of the class A amplifier valve 
V9. In the other three positions the 80m signal from T4 is 
connected to the mixer valve V7 where it is heterodyued by 
the output of the overtone oscillator VS. The correct crystal 
for each band and the resonating capacitp r to tune the 
anode coil L2 are selected by l he switch banks S l and S2. 
V9 is a conventional class /\. voltage amplifier with a tuned 
anode circuit coupled in to the grid of the output valve VlO. 

The 5 B/254 M is the modern version or the 807 valve and 
will run lo an input or npproximately 90 watts p.e.p. with 
750 volts on the anode nncl 300 volts regulated on the screen 
-bias should be adjusted for a zero signal anode current of 
30 mA with the bins selt ing polcntiomctcr YR6. A 6146 
valve would be equally suitable and would run to the same 
90 watts p.e.p. input but would require the screen voltage 
reducing lo 200 volts re1:,rula1ecl - a pair of YR 105 regulators 
would be quite sui table. 

The negative 100 volts bias supply also provides tJ1e 
potential, via the 47 K ohm feed resistors, for transmitter 
and, if required, receiver muting. When the press-to-talk 
button or relay is in the transmit position, the cut-off bias on 
V4 and V9 is shorted clown to earth; these two valves then 
conduct in the normal manner. In the receive position V4 
and V9 cease 10 conduct making the transmitter inoperative; 
at the same time the receiver muting line is shorted to earth 
allowing the receiver to commence operation. 

Metering is noi shown on the circuit diagram, but it is 
~dvisable to have a meter permanently wired in the 750 volt 
line to the p.a. anode ( 150 or 200 111/\. movement) and very 
useful to have ;1 meter (0- 25 mA) in the screen feed as well. 

Construction 

A suitab le and easi ly worked material for the chassis is 
18 s.w.g. aluminium. T his may be obtained ready made in 
2~· in. deep box sections, made to standardized dimensions. 
Three or fou r" boxes " may be placed side by side and bolted 
together to give the required surface area to acconm1odate 
all necessary valves and components. Three 12 in. x 5 in. 
x 2! in. box sections placed side by side would make up a 
chassis of 15 in. x 12 in. x 2! in. and this would give 
plenty of room. Allernativcly a box section of 16 in. x 10 
in. x 2! in. could be d ivided into three sections by making 
up and fitting two cross screens 10 in. long, spaced 2t 
or 3 in. either side of centre. 

It is suggested that YI, V2, VJ, V4, V6 and associated 
components arc in section "A" (left hand); V5, V7, VS, V9 
and associated components including switch banks SI to S6 
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in section "B" (centre); VJO and tank circuits and switd1 
S7, VR6 etc. in section " C" (right hand). Stages handling 
the same frequency must never be able to " look at each 
other "-this applies to the switch banks and coils of V7 and 
V9- and it will be necessary 10 fit two cross screens so that 
the 5 in. wide section " B " is further divided into three com
partments. These screens also afford necessary support to 
the switch banks. Inspection of the chassis layout for the 
"G2DAF Transmitter" described later will prove to be 
helpful and illustrate the basic idea of using separate box 
sections to make up a complete chassis and give the required 
screening. 

Before starting 10 drill any holes get a sheet of white 
drawing paper and mark out a full size outline including aU 
the underneath screens. (Mark out a second rectangle to 
dimensions of the front panel.) Lay out on the drawing 
paper all the major components and controls, keeping a 
careful eye on the location of the switch shaft that will run 
almost the full length of the centre section, and the under· 
chassis partition screens, the accessibility of the valveholclers 
and the associated components grouped round the valve
bolder, and the fact that connecting wi res carrying r.f. must 
be as short as possible. 

Ensure that the coils are posit.ioned against thei r respective 
switch banks to keep conneclions short, at the same time 
making sure that the coil centres are a l least I in. away from 
any u nderneath metalwork. Also check that the various 
control shafts will come out in the right place to give a 
balanced panel layout. The more time and thought given to 
this initial setting out the less likelihood of trouble la ter on. 
Finally, draw round the components with a finely sharpened 
pencil, removing each item and drawing in to accurate 
dimensions including mounting holes and drilling centres 
for the vah1eholder chassis punch. The final drawing can 
then be laid on top of the chassis or the panel and used as a 
template for marking out. 

Standard Yaxley wafer switches (without shorting plates), 
either ceramic or paxolin, are suitable for SJ, S2, S3, S4, S5 
and S6 and these arc ganged together on one shaft. S7 
handles a considerable amount of r.f. power and should 
preferably be ceramic. 

The i.f. transformers T l, T2 and T3 are standard Max.i-Q 
Type !FT.I l-465 modified as follows: for the step-down 
transformer T l, the original top pie winding is removed 
together with the 65 pF resonating capacitor; 75 turns of 
32 s.w.g. enamelled wire is then scramble wound close 
against the existing primary and soldered to the original 
secondary leading out tags. Fi ller coupling transformer T2 
is one winding of a standard i.f.t. from which the original 
internal 65 pF resonating capaci tor has been removed; the 
new 75 pF and IOOO pP resonating capacitors shown on the 
circuit diagram are wi red externally, underneath the chassis. 
Tbe unused secondary is removed by cutting away. T 3 only 
requires modifica tion to the 65 pF secondary resonating 
capacitor, which is removed by snipping through with cutting 
pliers; the two 130 pF series cnpncitors forming the centre
tap for the v.f.o. injection are wired to the lead out tags, 
underneath the chassis. Trnnsfomicr T4 is wound on a sta n
dard Aladdin coil former Type 804 ( * in. diameter with a 
dust slug). The primary winding comprises 48 turns close 
wound of 34 s.w.g. enamelled wire with one layer of type
writer copy paper insulation, and the secondary of 24 turns 
of 34 s.w.g. enamelled wire ovcrwound over the centre of 



1he primary winding. L2, L3, I.A and L6 are also wound on 
the Aladdin Type 804 former, the winding details being 
given in the caption to F ig. 10.101. 

V5 is arranged as a Colpitts v.f.o. circuit which has a high 
degree of frequency stability, a small warm up drift, almost 
constant amplitude of output voltage across the tuning range 
of 500 kc/s, and because of the high effective value of C in 
the tank circuit, a very low harmonic output. The frequency 
is controlled by the tuned circuit, so the stability cannot be 
any better than the stability of the coil and capacitor forming 
this circuit. As the temperature coefficient of copper wire 
coils and brass or aluminium plate tuning capacitor are 
outside the control of the amateur, the secret of success is in 
the mechanical stability of the assembly as a whole, the care 
with which the inductor Ll is constructed and finding 
the right value of negative temperature co-efficient com
pensating capacitance across this coil. The coil former 
should be ceramic, with a dust core mounted on a screwed 
brass rod fitting in to a pressure loaded clutch so that there is 
neither end or side float of the core within the winding. 
Highly recommended is the i in. diameter Cambion 
former Type 1534-2 with 20063-B slug. The winding of 22 
turns of 24 s.w.g. enamelled wire should be close wound 
under tension, and finally thoroughly doped with polystyrene 
cement. The tuning capacitor VCl should also be of sturdy 
mechanical construction with a two bearing rotor; the 
·• law " of the capacitor (i.e. " mid log," " straight line 
frequency," "straight line capaci ty") affects the linearity of 
the dial calibration. Rather conveniently the physically 
compact capacitor with semi-circular rotor plates when used 
in a circuit with relatively large values of shunt capacity 
gives a dial calibration that has good linearity across a 500 
kc/s tuning range. An excellent variable capacitor s\litable 
for the requirement is the Polar C28-142. 18/015, a two 
gang unit of 75 pF each section. The two sections are wired 
in parallel to give the required maximum 150 pF. Also 
associated with the tuned circuit are the 400 pF and 2000 pF 
fixed capacitors and these must be the best possible quality 
silver mica types, as must be the 47 pP grid capacitor. In 
regard to the negative temperature co-efficient capacitor 
across the coil, this is an Erie Type N750 K; the value shown 
(15 pF) is purely a nominal one and may have to be decreased 
or increased in value to obtain the best frequency stability
this can only be found experimentally. 

The anti-parasit ic choke in the anode circuit of the 
5B/254M valve is made in the usual way by space winding 
six turns of 18 s.w.g. enamelled wire over the body of a 
47 ohm ~ watt carbon resistor. The anode tuning capacitor 
may be the semi-circular rotor, such as the Jackson Type 
C604- this has an air gap of 0·019 in. The aerial loading 
capacitor is a standard broadcast type of 500 pF each 
section. 

Should difficulty be experienced in obtaining a s\litablc 
l! in. diameter ceramic former for the pi-tank coil, this 
may be hand wound over four 2! in. lengths oft in. diameter 
polystyrene rod held in position on a mandrel made from a 
4 in. length of J t in. diameter birch dowel rod previously 
prepared with four semi-circular grooves down its length. 
The mandrel is supported horizontally and turned as the wire 
is run into position; as it crosses each polystyrene rod the 
wire is " cemented "into position by local heat applied with 
a soldering iron. After the winding is completed the mandrel 
is withdrawn and the coil carefully inspected to ensure that 
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FINAL CONVERSION OSCILLATOR 
FREQUENCIES 

Band Cryatal Mode Output 
Frequency Fr•q ue:ncy 

SOm Nil Nil Nil 
20m 6·0 Mc/s series-resonant 18·0 Mc/s 
I Sm 8·H3 Mc/s scries .. resonant 25·0 Mc/s 
I Om 10·9 Mc/s series-resonant 32·4 Mc/s 

Pl-NETWORK DATA-ONE 5B/254M 
Ri. - lSOO OHMS 

Band xc, - 290 XL = 330 XC, =40 
ohms ohms ohms 

80m 150 pf l6µH 1100 pf 
20m 40 pf 4µH 275 pf 
I Sm 30 pf 3 r<H 207 pF 
I Om 20 pf 2µH 139 pF 

Tank coil 28 turns of 18 s.w.g. tinned copper 
wire, one continuous winding 14 turns per inch 
tapped at 5, 8 and 11 turns from hot end. Total 
length 2 in. diameter It i.d. supportod on S7. 

there are no shorted turns. The coil is finally supported on 
the pi tank switch S7-this can conveniently be made up as a 
unit before final assembly on the chassis. Suitable coils are 
available ready wound from Codar and other manufacturers. 

A standard pie wound r.f. choke is totally unsuitable for 
use with a shunt fed tank circuit and this component must 
be specially wound to have a low self-capacity and no self
resonant points within the required amateur bands. The 
required inductance value is 80 11H and may be obtained 
from several manufacturers. Alternatively, it can be con
stnicted by wioding 112 turns of 26 s.w.g. enamelled wound 
in one layer and spaced out to 3t in. on a ceramic former of 
i in. or l in. diameter. This spacing reduces the self-capacity 
to a value that does not produce any self resonance at the 
operating frequencies. (A ceramic formec from an old 
a.c./d.c. broadcast receiver mains dropper resistor is suit
able.) 

Alignment 

The first step is to neutralize the 5B/254M output valve. 
(For a detailed description and explanation of neutralizing 
see Chapter 6 (H.F. Transmitters).) When neutralization is 
perfect there is no r.f. coupling between the anode and the 
grid circuits of the valve, and any signal injected into the 
75 ohm output socket will not appear in the grid coils 
L4 or L6. In the absence of a signal generator an" off a ir" 
transmission can be used by adopting the following pro
cedure. Switch all coils to a convenient band-say 20m
and with heaters on but all h.t. supplies switched off, con
nect a receiving aerial to the 75 ohm o\ltput socket. 
Couple a small pick-up loop of two or three turns to L6, 
the loop feeding down a length of coaxial cable into tbe 
aerial input of the receiver. Tune in a strong steady signal 
(commercial teletype is useful) and resonate VC4 and VC3 
for maximum " S " meter reading. Now adjust the 3-30 pF 
neutralizing capacitor for minimum S meter reading; re
resonate C3 and C4 and repeat the neutralizing adjustment. 
Jt should be possible to phase out the incoming signal almost 
completely. 

Apply h.t. and with the aid of a BC221 frequency meter or 
a calibrated absorption wavemeter check that the v.f.o. is 
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oscillating aod tuoing the required range; and that the 
carrier oscillator VJ is giving r.f. output into the diode 
modulator. Connect a 1 mA meter or a work.shop voltmeter 
(10 volt range) to the test point of the heterodyoe oscillator 
VS and with the band change switch in the !Om band position 
adjust the core of L2 for oscillation- this is denoted by an 
upward kick in the meter reading. As a further check 
couple an absorption wavemeter to the anode coil and ensure 
that the valve is in fact oscillating on the correct frequency. 
T he core of L2 must not be touched again; all further adjust
ment for resonance on the other two bands is made by the 75 
pF trimmer for J5m and the 100 pF trimmer for 20m, the 
correct trimmer and crystal being automatically selected 
by the position of the main band change switch assembly 
SI to S6. 

Finally, feed a I kc/s or a 1 ·5 kc/s audio tone into the 
microphone socket, turn up the audio gain control, feed the 
output from T4 by a pick-up loop into a receiver and peak 
the dust cores of T2, T3 and T4 for maximum output. 
Disconnect the tone input, tum the audio gain and carrier 
injection potentiometers to zero- there will still be an output 
from T4 deflecting the station receiver S meter due to carrier 
feeding through the balanced modulator. Carefully adjust 
VR1 and the associated 50 pF trimmer for maximum 
modulator balance (i.e. the least carrier break through and 
the lowest S meter reading on the receiver.) Set VR6 for a 
zero signal standing anode current of 30 mA. 

With full drive the p.a. should be loaded for a maximum 
shmaJ anode current of 100 to 120 mA and a screen current 
of 5 or 6 mA. Check with an oscilloscope that the output 
waveform is " clean " and that there is no flat-topping and 
finally verify that the transmitter is not being inadvertently 
overdriven, by getting on-the-air reports from C.'tperieoced 
s.s.b. operators. 

VI vz v~ 

AUD IO AUDIO BAU.HC£0 Hf FILTER 
AH? 

AHP & HOO 
CRYSTAL 

AHP CATH FOLL FILTER 
EFc6 IZAU7 2 x 0A79 2xt/2 LAT lfz ECF8Z 

FINAL CONVEf\SION 

BAND CRYSTAL HOOE OUTPUT 
160 1· 0 Hc/s FUND 7·0Hc/s 6·5 

80 9·0 " FUND 9.0 " 
Hc/s 

~o 6·25 " 2nd HAii 12·5 " 
20 9.0 .. FUND 9·0 " 
IS 8·0 " 2nd HAR 16·0 .. 
10 11·5 .. 2nd HAR n.o .. 
10 ti· 75 .. 2nd HAR 23•5 " 

GlOAF S.S.B. TRA N SM ITTER 

The block diagram of an s.s.b. transmitter employing a 
high rrequency filter (8·5 Mc/s) is shown in Fig. 10.102 and 
the complete circuit diagram in Fig. 10.103. 

The audio stages, V 1 (EF86, 6267) and the fi rst half or V2 
(12AU7), have cathode resistors without bypass capacitors 
giving negative current feedback to each amplifying stage. 
The second half of V2 is connected as a cathode follower to 
present the correct impedance to the OA79 balanced diode 
modulator. 

Output from the carrier osci llator V3a is fed via a stcp
down winding on Tl to the two OA79 diodes and the carrier 
balancing potentiometer VR2. Cathode follower V3b feeds 
an r.f. output signal into VR3, the CARRIER INSERTION con
trol, and this enables an r.f. signal at the carrier frequency 
to be fed round the sideband fi lter and used for carrier 
insertion or netting purposes. 

The double sideband suppressed carrier output from the 
balanced modulator is fed into the two section crystal band
pass filter. T he low level single sideband output is then 
amplified by V4a (the pentoclc section of an ECF82, 6U8) 
operating in class A, and fed into an r.f. transformer T3 
feeding the grids of the balanced converter V6 (12AU7) in 
push-pulJ; this valve also receives the parallel hcterodyning 
input from the sideband switching oscillator VS (the triode 
section of the ECF82). 

If a different carrier frequency from the one specified is 
used the sideband switching crystals will have to be selected 
accordingly, with a spacing between them or approximately 
twice the carrier frequency. The two preset capacitors in the 
oscillator grid circuit are adjusted to pull the crystal fre
quencies the final amount necessary to maintain zero beat 
when switching sidebands. If the filter gives upper sideband 
output, the low frequency sideband switching crystal will 

V6 V7 Vil 

BAL BAL &Al 
CONV CONV COllV 

12AU7 t2AU7 t2AT7 

vs V9 

VFO VFO VIO CATHODE AHP FOLL 
EF80 Ef&O 

FREQUENCY 
SETTING 
3·0 to 

IO·S 
3·5 Hc/s 

Hc/s 

CRYSTALS AS LISTED 

- IN FINAL CONVERSION 
TABLE 

-
Fir. 10.102. Block diarram of the GlDAF 1.1.b. transmitt~r uslns an h.f. filter with a nominal frequency of 8·5 Mc/1. 
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CHASSIS SECTION 6 - ---·---- ----- ----- -----·----·----·- --- ---- ---- - - --- -----

CHASSIS SECTION C ----·---- ---- - --- ---------- ---------- ------- - ·- - - - --·-

Fig. I0.10l. Circuit of the GlDAF s.s.b. tran5mitter usinc the high frequency sideband e:eneratina unit. For the sake cf clarity, where 
heater line bypan e:apac:itors are required, these are shown sep~~tely. Ir required, a neaative temperature coefficient capacitor, Erie type 
N7SOK., can be wired acrou the v.f.o. c.oil L4. as shown. The value will, however, h ;;ave t :o be found experimt!nblly, althoush it should 
lie within the ranae IS to JO pf. All band·change switches a re shown in the 40m position. Value:S for the fixftd capa citors an d t:r imme.r 
which form part of t.he resonant circuit at the anode of V JO, can be found in Table 10.19. The frequencie• of the crystals in the cathode 
circu it of VIO are 1iven in Table 10.20. The 0·002 uf capacitor in the v.f.o. cathode circuit is oilver mica. Oetoila of the cons~ruction or 

LI a r• aiven on page t0.84. The limiter (V 15) provides a 1imple mean• of automatic level cnntrol 
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give the required final sideband output in each band; if the 
filter gives lower sideband output, the high frequency side
band switching crystal will give the correct final output in 
each band. On the other hand, the switching can be elimin
ated and one crystal only used. The transmitter auto
matically gives the correct sideband-lower for 160, 80 and 
40m, and upper for 20, 15 and IOm. Switching is included 
only as an operating convenience. 

After the first conversion process the output at the first 
intermediate frequency of approximately 2·0 Mc/sis coupled 
via T4 and T5 and then combined with the input from the 
v.f.o. and cathode follower, V8 (EF80 or 6BX6) and V9 
(EF80 triode connected) tunable over the range 3·0 to 3·5 
Mc/sin the balanced converter V7 (12AU7) to give an out
put into the wideband coupler L2 and L3, at the second 
intermediate frequency of 5·0 to 5·5 Mc/s. 

This tunable sideband output feeds into the balanced 
converter VJI (12AT7) which receives the heterodyning 
input from VI 0 (EF80 or 6BX6), a fundamental or second 
harmonic crystal oscillator. The anode load is an inductance, 
L5, and this is resonated to the required heterodyning fre
quency for each of the amateur bands by switching various 
values of shwH capacity by means of SJ-part of the main 
band change switch assembly. 

After frequency conversion, the switch banks S3 and S4 
connect the anodes to the pre-tuned primary of the required 
r.f. transformer for each band, while SS selects the secondary 
winding. The sideband voltage developed is amplified by 
VJ2 (EFSO or 6BX6), a class A linear amplifier the gain of 
which is controlled by r.f. negative current feedback across 
VR7, the R.P. ORIVE control. The anode coil for Vl2 is 
selected by S6 and drive fed into the grids of the parallel 
6146 or QV06-20classAB1 linear amplifier valves; the circuit 
is tuned by its associated variable capacitor brought out to 
the panel control ORIO TUNING. 

The p.a. valves are correctly loaded aod matched to the 
75 ohm output by a conventional pi-tank circuit controlled 
by S7 and the ANOOE TUNING and LOADING variable capaci
tors. A pre-determined proportion of the r.f. voltage at the 
anodes of the 6146 valves is taken off via the 3 pF and 25 pF 
capacity potential divider, rectified by the diode valve VIS 
(EA50 or other small diode) and fed as controlling bias to 
the grid return circuit of the filter amplifier V4 to provide 
ALC. Adjustment of the potentiometer, LIMITER control, 
YRS, alters the delay bias on VIS, it is set to allow the diode 
to conduct and provide a negative bias voltage that will 
reduce the gain of V4 and prevent the p.a. valves being 
inadvertently over-driven on speech peaks. 

Voltage regulator VJ6 (VR!50, OD3 or l50C3), together 
with the I· 5 K ohm and 1 K ohm bleeder resistors, provides 
200 volts for the screens of the 6146 valves and 
ISO volts stabilized for the v.f.o. and cathode follower, 
carrier oscillator, and sideband switching oscillator. 

All operating functions are effected by press-button con
trol of the three-pole two-way Type 3000 relay the high 
resistance coil of which is energized by curreot bled from the 
main 300 volt h.t. rail. Although a Type 3000 relay is 
specified, any other type providing the same facilities ancl 
having a coil in the 5-10 K ohms range may be used. 

The relay is shown in the non-energized " receiving' 
position, the negative muting voltage to the receiver being 
short circuited and the full 100 volt bias being fed to the 
grid return of V4 and, via the bias setting potentiometer 
VR9, to the grids of the two 6146s; these three valves 
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are therefore held at cut-off and there is no output from the 
transmitter. When the " press to talk " button is depressed 
the relay contacts close allowing the 100 volt muting bias to 
cut off the receiver, and at the same moment of time to shore 
circuit the bias rail " G " to earth, allowing V4 to conduct. 
The bias on the p.a. valves is now a proportion of the negative 
100 volt supply, determined by the selling of the 3 K ohm 
potentiometer VR9 which is now the centre part of a 
potential divider between the 100 volt bias rail and chassis 
earth. VR9 is adjusted until the two 6146 valves are taking 
a total of SO mA standing anode current. 

The panel meter (a basic 1 or 2 mA movement) is re-scaled 
to read 0-3 mA, 0-30 mA and 0- 300 mA and is connected 
via the two bank, single pole four-way switch, SS and S9, to 
read grid, screen and anode current of the p.a. valves. ln the 
fourth position ii is used to monitor the transmitter r.f. 
output voltage. 

Mechan ic.al Fil ter Sideband Generator 
If desired, the s.s.b. signal can be generated at m.f. using 

one of tbe readily available mechanical filters, such as those 
manufactured by Kokusai. These filters are available on a 
nominal centre passband frequency of 4SS kc/s with either 
2·0 kc/s or 3·0 kc/s bandwidth at the 6db points. Either filter 
would be entirely satisfactory for an s.s.b. transmitter; 
however the wider 3·0 kc/s filter will give more natural 
audio quality, make the positioning of the carrier frequency 
less critical, and more accommodating in regard to the 
operator's voice characteristics. 

The circuit diagram of the complete low frequency sid~
band generating unit is shown in Fig. 10.104. lt will be seen 
that VI, V2, V6 and V7 and tbe associated compooents are 
identical to those in the h.f. filter sideband generating section 
in the main circuit diagram in Fig.10.101. Changes necessary 
to accommodate the low frequency mechanical filter are con
cerned with V3, V4, V5 and their associated components. 
The circuit is drawn in full to show exactly what is contained 
within the complete chassis section·· A." As a further guide 
the chassis layout is given in Fig. 10.IOS(b). 

[n order to avoid a ny possibility of carrier leakage past the 
balanced modulator the customary cathode follower is 
omitted. The two sections of Y3 are strapped together as a 
single triode and carrier insertion is controlled by VR3, 
taking a small proportion of the r.f. cathode voltage via the 
SO pF coupling capacitor. Correct impedance matching 
between the diode modulator and the Kokusai filter is 
obtained by the series resonated circuit T2. This is one 
winding of a standard Maxi-Q intermediate frequency 
transformer Type IFT.11 -465 (manufactured by Denco 
(Clacton) Ltd., 357- 9 Old Road, Clactoo-on-Sea, Essex) that 
has been modified by removing the two existing 6S pF shunt 
capacitors and cutting away the unwanted pie winding. 

The low level output from the mechanical filter is amplified 
by tbe class A low-mu pentode V4 (EF89 or 6DA6). In 
order to ensure the highest possible stability this stage is 
bridge neutralized by the 0·001 and 0·01 J.LF capacitor bridge 
in the anode and screen return circuits. 

It will be appreciated that if the heterodyning input to the 
converter V6 (12AU7) is made switchable with one crystal 
2000 kc/s less 4S3 kc/s and the second crystal 2000 kc/s plus 
453 kc/s, switching crystals will change the sideband output 
without changing the (suppressed carrier) output frequency. 
The required crystal frequencies are X2 1S47 kc/s and X3 
24S3 kc/s and these are arranged as two separate Pierce 
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oscillators using a double triode va.lve 
V5 (12AT7). To compensate for manu
facturing tolerances and the effect of 
stray circuit capacity the crystals are 
finally" pulled" exactly on frequency by 

~--,.!,__--I~~ 
g 

the pre-set 50 p F capacitors across each 
grid circuit to maintain zero beat when 
switching sidebands. The advantage of 
the double Pierce oscillator is that either 
oscillator can be selected by switching the ~ 
cathodes at cl.c. and this in turn enables ;:~ 
the switch SIO lo be mounted directly 
on the panel. 

The frequencies shown for XI, X2 and 
X3 are those actually used in the proto
type unit . It is important to appreciate 
however, that the Kokusai filter bas a 
centre passband frequency of 455 kc/s 
plus or minus 800 c/s to allow for 
manufacturing tolerances. For th is 
reason the correct carrier crystal fre
quencies for each filter are individually 
obtained from the characteristics. As " v .__,, _ _ _ _. :: 

2"""'.,,..,.....__,..,..,.,.,.-1 :: the G2DAF transmitter incorporates 
sideband switching it does not matter ~ 
whether the filter passes the upper ~~ 
sideband or the lower sideband and 
either one of the two specified carrier 
crystals can be used. Obviously the 
frequencies of the sideband switching 
crystals are directly determined by the 
frequency of the carrier crystal actually 
used. For any carrier frequency of 
value Y, the crystal X2 = 2000 kc/s 
minus Y, and the crystal X3 = 2000 kc/s 
plus Y. 

Tl in the anode circuit of the crystal 
oscillator is required to have an imped- .~ 
ance step down to the diode modulator. >::; 
The upper pie winding of a standard 
Maxi-Q Type IFT.11-465 transformer is 
removed b,v cutting through with a sharp 
knife and replacing with 75 turns of 
32 s.w.g. enamelled wire tightly coupled 
by scramble winding against the lower 
pie coil. The new winding is connected 
to the original lead-out wires but the 
original fixed tuning capacitor is 
removed. 

,,, 

-5 
~ c ~iQiii;xiiiWi~-

In addition to the current balance 6 
obtained by the potentiometer VR2, the -:. rt111• • 

61 
modulator must be reactively balanced; • ,j..~~ •f_1_;_<.;,::\i _ _ ..._~ 
the amount of capaci ty necessary is \ i! 8 ~ ~ \' 1 

affected by a number of variables such f ~·..,w.-,.,._0._-+ : 
as out of balance in the transformer Tl ~µz=.. ___ ,;,.,.,,~ 
stray circuit capacity and the tuning of 
the anode circuit. It is not therefore 
possible to give specific values and the " ~H 11-~--J.-----1 
fixed capacitor in parallel with VC2 may >~. hvw~ "'-"'--1 ~ 
be in the range 25 to JOO pF and will - '--"1.._"''---~w...,.__,i 

have to be found experimentally. Should 
adjustment to VC2 fail to improve the 
carrier attentuation he connections from 
the secondary of T J should be reversed. 

II 

' " " 

,,. 
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Looking down on the GlDAF s.s.b. 
transmitter M k.l from the r~:ir. 
From lert to rig:ht, tho linear power 
amp I lfier with pi-notworlc tank 
circuit, t he band pass intcrn1odiatc 
frequency stages and the sideband 
1enerators. Th e components nlay 
be identified by reference to Fig. 

I0.10S. 

Component Considerations 

The efficiency and Sllt isfactory operation of any sideband 
transmitter is directly dependent on the " goodness" of the 
various resonant circuits. The design and the performance 
of the prototype may be everything that could be desired; 
however, this is scant compensation to the builder if his new 
transmitte.r fails to measure up to the expected standards. 
When this happens, and the usuaJ checks do not show any 
obvious fault, the failure is usually in the tuned circuits. 

For this reason all r.f. transformers and coils in this 
transmitter have been wound using standard easily obtain
able 0·3 in. diameter formers and OBA dust cores with 2! in. 
x ti- io :... ~~ in. seamless aluminium cans. Suitable items 
are manufactt.1ed by 'eosid and Aladdin. This ensures that 
all completed resonant circuits wiJI give exactly tbe same Q 
value and coupling co-efficient as those used in the original 
transmitter. 

A good quality variable capacitor should be used to tlUle 
the v. f.o. The type selected should preferably have ceramic 
insulation and a two bearing rotor. The capacitor used in the 
original transmitlcr was a twin gang 125 pF type, with both 
sections strapped in parallel to provide a maximum capaci
tance of 250 pF. 

Balancing potentiometers VR4, VR5 and VR6 in the con
verter cathodes carry d.c. only and may be the smaJl wire 
wound pre-set type of JO K ohms in value and rated at! watt. 
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As the I Kohm carrier balancing potentiometer and the 10 K 
ohm carrier insertion and r.f. drive potentiometers are 
carrying r.f'., these must be the non-inductive type with 
carbon tracks. 

The germanium diodes in the balanced modulator should 
be a matched pair. 

With the exception of the three octal bases used for Vl3, 
V 14 and V l 6 all valveholdcrs are B9A Nova! with skirts and 
screening cans. If an EA50 is used for V15 it may con
veniently be wired directly into circuit. 

All fixed capacitors of less than 1000 pF iu value should be 
silver mica o f good quality, and where two of these are used 
across a resonant circuit to provide a centre-tap, they should 
be I per cent tolerance types. Unless otherwise stated, all 
other values of IOOO pF used in the prototype were Hunts 
Moldseal Type W45 of 400 volts rating. Resistors used 
throughout are Erie Type 8, ! watt rating, unless otherwise 
specified. 

The an ti-parasitic chokes in tbe anodes of the 6146 valves 
are made in the usual way by space winding 6 turns of 18 
s.w.g. tinned copper wire over the body of a 47 ohm! watt 
resistor. The anode tuning capacitor VC7 is a Jackson Bros. 
Type C604 although any similar capacitor should be satis
factory. The aerial loading capacitor is a standard two-gang 
500 pF each section broadcast type. 

A standard pie wound r.f. choke is unsuitable for use with 
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Fis . 10.105 (a). Chauis layout showin1 the principal components. ( b) Chaui1 layout for the l.f. fi lt"r sideband l"neruinr unit (ch~:sis 
section A ), The sideb:and telertion switch SIO is mounted directly on the panel, whi ch is positioned i in .. away from the ch3.ssis front apro:i 

a shunt fed tank circuit and this component must be specially 
wound 10 have a low self-capacity and no self-resonant 
points within the requ ired amateur bands. A sa tisfactory 
choke comprises 250 turns of 36 s.w.g. enamelled wire 
wound in unequal sections of 150, 50, 25, 15 and 10 turns on 
a ceramic fom1cr i in. diameter and 4 in. long with a l in. 
spacing between each of the sect ions. 

All the crystals used in the h.f. filter unit (Xl-7) can be 
FT243 types. Alternatively, a manufactured filter u nit could 
be employed. Where necessary these were manipulated on to 
the required frequency by etching. T he carrier crysta l for 
the l.f. mechanical filter unit can be ordered either with the 
filler, o r obtained later io the frequency specified. 

In all cases when ordering, specify that the crystal is 
required for operation at the quoted frequency on the 
parallel resonant mode with 30 pF shunt capacity. (The only 
exception would be the h.f. filter crysta ls- these a rc operating 
on the series resonance. Any constructor unable to do 
his own etching would be well advised to build the l.f. 
sideband generator using the specified mechanical fi lter.) 

Construction 

The chassis is made up of three separate box sections of 
16 s. w.g. aluminium to give a total size of 17 in. x 12 in. x 
3 in. deep with a 19 in. x 101 in. panel. This enables the 
transmitter to be constructed and wired io u nits. Elaborate 
screening is not necessary and adequate protection against 
instability in the final conversion section is achieved with 
two simple c ross-screens that also afford support to the 
main band-change switch assembly. 

A pair of 6146 valves will give an appreciable output and 

as a precaution against any possibility of stray r.f. fields, the 
two valves a nd the components in the anode c ircuit arc 
screened with a 16 s.w.g. aluminium "box" measuring 
7 in. x 5 in. x 6~ in. high. This is in fact two separate 
L-shapcd screens with ! in. lips top and bottom, the inner 
screen (nearest to panel and chassis centre line) being 
permanently fixed to the main chassis section with PK sclf
tapping screws and used to support the pi-tank switch and 
coil and the anode tuning capacitor; the outer screen is 
removable for access to the p.a. valves. It is most important 
that there is a free How of air throughout the p.a. compart· 
ment ; accordingly a ring o f f, in. diameter holes is drilled 
round each octal valveholder and the "box" top is made 
from expanded a luminium mesh, also held in position by 
PK screws. 

The chassis layout showing the position o r the principal 
components is given in Fig. I 0.105 A panel layout wilh 
suggested positioning of the control knobs and the Eddystone 
898 d ial in Pig. 10.106. I t will be noted that the p.a. screening 
box is set back 1 in. behind the front chassis apron-this is 
necessary to clear the 898 drive mechanism. 

T he Yaxley two-pole changeover switch bank SIO must be 
mounted reasonably close to the two crystals X6 and X7 and 
the oscillator valve V5 (this applies only to the h.f. filter 
sideband generating section). It is supported by a small L
shaped bracket bolled to the underside o f the chassis. A 
clear space should be kept down the centre o f this section lo 
clear the switch control rod and support bearing before 
connection to the Eddystone flexible coupler that is brought 
out to the front panel control knob. The use of individua l 
coil cans on top o f the chassis and switch banks centrally 
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TABLE 10.1 9 

Function Freq. Wind inc Retonatins Function 
I 

Freq. Windlnr Re1onat1nc 
or Band Ca pacity or Band Capacity 

Ctrrier 8·5 Mc/1 Primary 32 turns 32 s.w.c. SO pF 1.m. VII I Om Primary 7 double turns 24 None 
oscillator enam. Converter (28·5·29 s.w.g . enam. 
Tl Secondary 22 turns 32 anode Mc/s) Secondary 7 turns 24 

1.w.1. enam. a1ain1t cold s.w. c. enam. over cent re 
end of primary. of primary. 

Filter inpu t 8 ·5 Mc/1 Prim ary 32 turns 32 s.w.1. SOI Fies S •nd 6 VII I Om Primary 8 double 1urns 24 None 
T2 on am. Converter (28-28·5 1.w.1. enam. 

Secondary 8 turns 32 anod • Mc/s) Secondary 8 turns 24 
s.w.i . •nam. 1.riinst c.old s.w.i. enam. over centre 
t nd of primary. of primary. 

Filter 8 ·5 Mc/s Secondary 45 turns 32 47 pF-47 pf 15m Primary 10 double turns None 
amplifier s.w.g. enam. I% c:oleranc• s.m. 2_. .s. w.g. en am. 
T3 Primary 25 turns 36 s.w.(. Secondary 10 turns 24 

en am, ovor con ere of s.w.c,. enam. over centre 
secondary with one layer of primary . 
of p>per lnsul• tion. 

20m Pri mary 12 double turns 15 pf S."1. 

V6 2·0 Mc/s Prf nary 90 turns 36 s.w., . 4SO pP-4SO pf 18 s.w.c. enam. 
Con veter en am. 1% tofennce 1 .. m. Secondary l l turns 28 
anode 14 Secondary 5 tum1 36 s.w.c. cnun. over centre 

1.w.c. en2m. over centre or primary. 
of pr;mary with one layer 
of paper insulation. 

40m Prim•ry 15 doublo turn• 30 pf s.m. 
V7 2·0 Mc/s Secondary 90 tu rns 36 450 pF-450 pf 32 s.w.1. enam. 
Converter 1.w.s:. enam. 1% tolerance 1.m. Secondary 25 turns 32 
grid TS Primary 5 turns 36 s.w.c. s.w.c. enam. over centre 

cnam. over centre of of primary. 
secondary with one layer 
of paper insulation. 80m Primary 40 double turns 27 pf s.m. 

V7 
36 s.w.c. enam. 

S·O 10 75 turn s 36 s.w.i:. enam. 65 pf~S pF Secondary 20 turns 36 
Converter 5·5 Mc/1 1% toleranc.e s.m. s.w.c. enam. over centre 
anode L2 of prim>ry. 

VII 5·0 to 15 turns 36 1.w.1. enam. 65 pf~S pf 160m Prlm•ry 70 double turns 60 pf s.m. 
Converc:er 5·5 Mc/1 1% toleranc.t s.m. 38 s.w.c. enam. 
crid L3 Secondary 3S turns 38 

V,F.O. L-4 
s.w.c. enam. over centre 

3·0 to 18 turns 19 s.w.i . enam . VCS 1uninc of of primary. 
3·5 Mc/1 on * in. dia.m. former with 250 pF maximum In all c:a.ses the ptimary is binlar wound with the wire laid on double dust core. Cam bion I 538- capacity. 

l·l ceramic with 20063-K (l.o. 7 double turns - total prlm•r; of 1-4 turns). The secondary is 

aluc is rocomm ended. 
insulated from primary with one ayer or typewriter copy paper. 
(Three thou. thickness .) A binlar windini is simply two interwoven 

VIO I Om 13 turn c 24 s.w.e. en>m. 10 pf s .m. 
wlndin11, with tho loft-hand end of on e win din, connected to tho r ight· 

Oscillator (28·5-29 
hand end of the othe r windin& to form the cantre tap. 

anode LS Mc/s) Vil I Om 9 turns lO • .w.c. VC6 tunin& ena.m. 

I Om 30 pF Philips trim· 
Clau A spaced to i in. lone. 

(28.28·S mer. 
Amplifier 15m 11 turns 244 s.w.i. t nim. VC6 1unin& 

He/•) 
anode 20m 18 turns 2-4 s.w., . enam. VC6 tuninc 

40m SS turns l'l s.w.c. enam. VC6 tunln& 

I Sm 30 pf Phil. trim. + 80m 90 turns 36 s.w.1. cmam. VC6 tunlnc 

SO pf s.m. 160m ISO turns 38 s.w.c. en•m. VC6 tu nine plus 

lOm 30 pf Phil. t rim , + 80 pf s.m. across 

no pf s.m. 
coil . 

40m 30 pF Phi l. trim . + All coils are close wou nd unle11 otherwise stated. After wlndlnc all 
100 pF 1.m. coils are doped with •• Oanfix •• polynyrene cement. With th e ex-

80m 7S pF vari>ble + ception of L-f a.II coils ara wound on 0 ·3 in. diam, formers with dust 
200 pf s.m. cores and li in. x -fr in. x -f.t in . aluminium ans (Neosid or Aladdin). 

160m 75 pf v>ri>blt + In all cases re.ionnin1 capacitors are wired -across coil and tnnsrormcr 
350 pf s.m. connectini ugs underneath tho chusis.. (s.m. = silver mica). 
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disposed underneath gives a clean accessible layout together 
with very short coil connecting wires. Switch sections Sl, 
S2, S3 and S4 arc supported by the rear cross screen and SS 
and S6 by the front cross screen- these can conveniently be 
assembled before the screens are bolted in position in the 
central box section. 

ln order to bring the drive shaft in line with tbe driving 
boss of the Eddystone 898 dial assembly, the v.f.o. tuning 
capacitor must be raised above chassis level. For the type of 
tuning gang used in the prototype this required a platform 

FiJ:. 10.106. Front l;lyout. In order to eliminate unduo f1exinc, the 
panel is cut from* in. thick aluminium ;alloy. A te mplate is supplied 
with e very Eddystone 890 dial to ensure that the mount:na holes 

~nd the rectanaular cut·out art accurately positioned. 

2! in. high. ln order to obtain the utmost rigidity an alu
minium box section 6 in. x 3 in. x 2i in. was used-held 
to the main chassis by 3 in. x t in. x ~in . £-section angle 
plates-and this provides ample room for the v.f.o. and cath
ode follower valves (VS and V9). All the other associated 
components are mounted inside the box. This unit can be 
completely built and tested before being fitted into position. 

A balanced bridge circuit is used for neutralization of the 
6146 valves aud this requires that the cold ends of the six 
coils and the rotor plates of the 50 pF tuning capacitor be 
taken to a common bus-bar which is insulated from earth 
and bypassed with a 500 pF capacitor. Tbe 50 pF tuning 
capacitor (Polar Type C28-141) is mounted on a paxolin 
plate 2t in. x 2! in. x i in. thick; this in turn is bolted to 
the chassis side apron with the capacitor spindle extended 
through to the control knob with a l in. diam. paxolin rod. 

TABLE 10.20 
FINAL CONVERSION CRYSTAL FREQUENCIES 

Band Crystal Froquoncy Output Output Frequencr 
( Mc/1) (Mc/1) 

160 7·0 Fund. 7·0 

80 9·0 Fund. 9 ·0 

~ &·lS 2nd Har. 12-5 

20 9·0 Fund. 9 ·0 

IS 8·0 2nd Har. 16·0 

10 11 ·S 2nd Har. 23·0 

to 11·75 lnd Har. 23-5 

SINGLE SIDEBAND TRANSMISSION 

1 be pi-network values have been calculated for an R 
(anode load) of 2000 ohms and are given for each band in 
Table 10.21. The tank inducta.nce is made up of three separate 
units with the 160m coil L8 on a separate ceramic former 
positioned at right angles to the main winding L7 and 
adjacent to its "cold " end with the self-supporting !Om coil 
L6 posi tioned at the" hot " end to form the connecting link 
between L7 and the stator plates of the anode tuning 
capacitor. Because of the difficulty of obtaining a suitable 
diameter ceramic former, the main tank coil L7 is band 
wound over four 2! in. lengths of! in. diameter polystyrene 
rod held in position on a mandrel made from a 4 in. length of 
1 t in. diameter birch dowel rod previously prepared with 
four semi-circular grooves down its length. The mandrel 
should be suppor ted horizontally so that it can be turned as 
the tinned copper wire is run into position; as it crosses each 
polystyrene rod the wire is " cemented " into position by 
local heat applied with a soldering iron. After tbe winding is 
completed, the mandrel is withdrawn, and the coil carefully 
inspected to ensure that there are no shorted turns. A 
suitable ready made complete coil and switch assembly is the 
Codar type DAF/180/SW. 

It is convenient to use a standard two gang capacitor of 
500 pF each section for the aerial loading capacitor. As tbis 
would not have a large enough value for use on the lowest 
amateur band, the 160m position of the pi-tank band-cbange 
switch is used to bring into circuit a further fixed loading 
capacitor of 600 pF or thereabouts. The standard single 
pole, six way, Yaxley ceramic switch S7 is supported by the 

BAND 

80m 

~m 

20m 

I Sm 

I Om 

TABLE 10.21 
Pi·NETWORK DATA-TWO 61 ~6 VALVES 

RL - 2000 ohms 

XCI - 200 ohms XL- 250 ohms XCl=~ ohm1 

220 pf 11·0\,IH 700 pf 

110 pf S·S 1,1.H 450 pf 

56 pf 2·71,1.H llS pf 

38 pf 1·81,1.H 160 pf 

28 pf 1·4 1,1.H I IS pf 

l6, 4 turns t6 s.w.f. tinned copper I In. diam. spaced to t in. lonr. sell 
supporcins . 

L7, One continuous wind in& of 18 s.w.1. tinned copper wound 16 turns per 
inch. 10 turns. fr in. 1ap, 8 turns. fr in. cap. 3 turns, fr in. gap and 2 
turns. Total length >pproxlmately 2 in. Olamctor Ii in. supportod by 
.. lengths or t in. diam , po lystyrene rod. 

LB, 32 turns ll s.w.g. enam. close wound on I in. di1m. ceramic form•r. 

front apron of the p.a. screening " box " aod the switch in 
turn supports the coil of L 7 by means of the two ends and the 
three tapping connections. S7 and L7 are conveniently 
made up as a unit before fitting into position. 

On the 160m band, power is reduced to the equivalent 
p.e.p. of a 100 per cent modulated 10 watt d.c. input A3 
transmitter by switching the anode feed to the p.a. valves 
from the normal 700-750 volts line to the 300 volts rail 
feeding the remainder of the transmitter. 

As the transmitter is controlled by a " press-to-talk " 
switch (this may be a press switch on the microphone or a 
foot switch) there is no relay clicking while the operator is 
actually talking. The Type 3000 relay does not require a 
flexible rubber shock mount and may be screwed directly to 
the chassis. 
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The meter switch, SS and $9, is a two bank, two pole, four 
way Yaxley type. This may be paxolio but ceramic is pro
fered to eliminate any possibility of tracking. lt is most 
important lhal this switch is lhe " break-before-make" 
type, otherwise h.t. would be momcnrarily connected to the 
6146 grids and the OA79 diode as the switch poles moved 
over. If this type of Yaxley wafer is not available, standard 
"make-before-break," single pole seven-way, bunks can be 
used with each adjacent contact left blank (i.e. the four 
positions of the control knob would be at 60" instead of the 
customary 30° .) 

Any good quality moving coil meler of l or 2 mA fuU scale 
deflection is suitable and is more conveniently read if the 
original scale is re-numbered to read 0 to 3, 0 to 30 and 0 to 
300 mA. The meter shunts, SH I, SH2 and SH3, may be 
construcled by winding Eureka resistance wire round a 100 
ohm Eric (ceramic body) resis1or. The value of resistance 
wire to shunt the meter correctly for each of the required 
ranges will depend on the meter internal resistance and will 
have to be found experimentally. (Sec Chapter 19- Measure
mellts.) 

The coil LI in the h.f. filter is constructed by laking a 
length of 22 s.w.g. p.v.c.-insulated connecting wi re, doubled 
back on itself to form two parallel wires. This is then 
WOWld on a ferrite ring core to form nine double turns (total 
18 turns) and the ianer of one winding connected to the 
ouler of the other to form a bifilar winding with the junction 
the centre tap. The main requirement of the inductance is 
very tight coupling between each half, together with a perfect 
electrical balance. Filters have been successfully built using 
the ring from a Mullard LA4 pol core assembly (35mm 
outside diameler) and also the ring from a mains suppressor 
filter choke ( I i in. outside diameter.) 
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Fie. 10.107. Filter response curve plotted with an audio 1enerator. In 
t.hia diaar·am, z.oro audio frequency corr·c.1ponds w ith t he ca rrier 
frequency, nominally 25 d b down the filter pauband. N ote that the 
tlope on tha carrier aide it ateeper than the actual filter re.tpon•• 

due to the bua roll·off in th e audio amplifi e r. 

To jive some guidance as to the characteristics that may 
be expected, the plot of the filter passband of a typical filter 
is shown in Fig. 10.107. 

The carrier crystal frequency is determined by plotting 
the filter passband and marking the 20db down points. One 
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of the remaining FT243 crystals is etched so that its parallel 
resonant frequency is at this frequency. Finally when the 
transmitter is completed and tested on the air the carrier 
crystal can be " pulled " by means of the 50 pF trimmer 
capacitor across the grid circuit of V3 to obtain the best 
balance or voice quality. 

The original filter was constructed on a nominal frequency 
of 8·5 Mc/s. Bowevcr it does not in practice have to be on 
this frequency and any crystal in the FT243 range can be used 
from 6500 kc/s up to 8650 kc/s-provided of course that the 
sideband switching crystals are altered to su.it the new carrier 
frequency. That is, X6 = carrier frequency less 2·0 Mc/s 
and X7 - carrier frequency plus 2·0 Mc/s. One of the in
herent advantages of heterodyniog the initial single sideband 
output down to the first intermediate frequency of 2·0 Mc/s 
is lhe fact that there is a considerable nexibility in the choice 
of filter centre passband frequency. 

Alignment and Operation 

The most satisfactory alignment procedure is to start at 
the back and finish a t the front-thal is from tbe p.a. ta11k 
coil back to the carrier oscillator- using a serviceman's 
signal generator as the signal source. 

In the interest of valve life the 6146s should be run with 
the power supply h.t. switch in the 300 volt posi tion until the 
anode and grid tuning bas been checked and the valves 
correctly neutralized on all bands. 

All oscillators should be checked for satisfactory operation 
and ideally the amplitude of r.f. output voltages should be 
checked with a diode probe valve voltmeter and compared 
with the values given in Table 10.22. 

All coils are in screening cans and a grid dip oscillator 
cannot be brought up to the coil to check alignment, neither 
is it possible to use the usual pick-up loop feeding into an 
absorption wavemeter. This may cause difficulty when it is 
required to set each of the pre-set trimmer capacitors across 
the final conversion oscillator coil L5, because it is important 
on some ranges to know that the circuit is resonant on the 
correct harmonic. There are two ways to overcome this 
limitation: 

(a) a pick-up loop tucked into lhe wiring close to the 
valve anode will pick up sufficient r.f. to deflect a 
sensitive absorption wavemeter using a diode and 
100 µA merer ; alternatively the" signal" can be fed 
into a receiver via a length of co-axial cable. 

(b) a pick-up loop can be constructed by winding six 
turns of 24 s.w.g. enamelled wire round the end of a 
6 in. length of i in. diameter sleeving, the loop 
connections then feeding back down the centre of 
the sleeving and terminating wilh a lengtl1 or lwin 
flex or co-axial cable. This " probe" can lhen be 
pushed down towards the dust core inside the former 
of the circuit to be checked. 

The bandpass coupler made up of L2 and L3 is required to 
pass all frequencies between 5·0 and 5·5 Mc/s and offer 
considerable attenuation to all unwanted converter producb 
outside the required passband. This bandwidth of 500 kc/s 
at lhe 3db points is obtained by overcoupling the two 
circuits so that a double humped response curve is formed as 
shown in Pig. 10.108. Under these conditions, however, 
alignment would be most difficult because adjustment of one 
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A v iew beneath the cha.u is o f the G'2DAF s.s.b. transm itter. The toroidal core and its mounting Qn be seen adjacent of the side band switch 
shaft on the left·hctnd side in the high frcqvency cr"yscal filter compartment. All w i r"ing is point•tO·point, small tag strips beini p laced in 

-appr-opriate positions to anchor the smaller components. 

circuit would pull the other. To overcome th is dilliculty 
Philips concentric trimmer capacitors are used for " top 
capacity " coupling. Initially the two trimmers are fully 
unmeshed by rotating ant iclockwise until the movable vanes 
arc at the top of the screwed stem. The dust cores of L2 and 
L3 arc then adjusted for exact resonance with a 5·25 Mc/s 
input signal. Finally the two Philips trimmers are each 
screwed inwards two complete turns. 

After all othe.r circuits are aligned and the t ransmitter is 
ready for use on the air, t he bandpass coupler response can 
be checked by setting the bandcbange switch to 20, 15 or 
!Om. Tum up the CARRIER INSERTION control to drive the 
p.a. to some pre-determined anode current-say JOO mA. 
The v.f.o. tuning capacitor is then traversed completely 

across the 500 kc/s tuning range and if a ll is well lhe current 
should not drop more than about 3db (from 100 mA down 
10 70 mA) at the two ends of the tuning scale (over each of 
the seven switched bands, the tuned circuit connected to 
each of the anodes of the final converter, Vil, is resonated 
at the centre band frequency. This rise in response compen
sates for the dip in the centre of the 5·0 to 5· 5 mc/s bandpass 
coupler to give a substantially constant gain). l.f the drop is 
greater than 3db the capacity of the two Philips trimmers 
should be increased slightly. It is most important that the 
bandpass coupler rejection to unwanted frequencies is not 
spoilt: over-coupling must be avoided. Use the smallest 
amount o f" top coupling" that will give the required band
width. 
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TABLE 10.12 

VALVE VOLTMETER R.M.S. CHECK VOLTAGES 

Audio Cathode or Vlb Gain control at 0·5V 
m:iximum l ·SV 

Gain control ac 
normnl 

-
R.F. Junction of each diode Ratio ol values wil l 0·6V 

and VR2. depend on scttin&: of 
VR2 

0·67V 

Anode ol Vl• ll·OV 
Cathode ol Vlb 8·SV 
OJCill.:nor input to T3 Me.a.sured it TI side of SV 

couplinc capicitor 
V.F.O. input to TS S·SV 
Osdll;itor input to L3 Musurod ot L3 side ol 7 to ISV 

couplinc c:ipacitor dopendine 
on band in 

use ---
S.S.8. Either rrid ol VI I VIO removed to dis- l·~V 

abl~ oscillator. 
Grid ol Vil IOm (28·5-29 Mt/s) 8·SV 

IOm (28- 28·5 Mt/s) 6·6V 
15m 8·0V 
l Om 8·W 
~Om IO·OV 
80m 12·0V 
l60m 6·0V 

Anode or Vil !Om (28·5-19 Mc/s) 95V 
(Om (28-28·5 Mt/<) 97V 
15m 120V 
20m 128V 
'40m 13W 
60m 15SV 
160m 170V 

Audio and s.s.b. maO\surcmenu lrc mado with I ·15 kc/s audio input 
c.o the mic:rophono socket and leve l sot to iivo maximum outpu t 
from the tr:ansmittcr unless otherwise su.ted. Whan t;lk ing me3.surc
mcnu lt the anodo of Vl2 the ISO pF capacitor is disconnected from 
the grids or Vil and Vl4 and the R.F. DRIVE control is odjusccd on 
each band for m:lximum output. 
All reading! taken with a valve voltmeter of 11 Megohms in put 
impeda1'ce. N OTE; due to the input npicity of the diode probe the 
circuit under me:uu rement will require to be ro·-re.sonated . 

It will be no1ed that there are seven positions of the main 
bandchange swi1ch, one each for tbe five bands from 160 to 
l5m and two for the lOm band to give a 28-29 Mc/s cover
age. The anode circuit of V l l is pre-tuned at the centre 
band frequency for each of the switched ranges and there are 
seven separate coils. The variable tuning capacitor in the 
anode circui t of VJ 2 is brought out to a panel control knob, 
so that one tuned ci rcuit will cover the whole of the !Om 
band; there are six coils, the two JOm contacts on S6 being 
strapped across as shown. 

Table 10.22 shows the r.f. and sideband voltage readings at 
different stages in the transmitter. When measuring the 
voltages at the grid ofV12, it should be remembered that the 
input capacity of the diode probe will de-tune the anode 
circuit of the converter Vll and give a false low reading. 
When tbe probe is in position each circuit must be brought 
back to resonance by unscrewing the dust core slightly until 
maximum reading is obtained. Similarly when measuring the 
voltage at the grids of the 6146 valves the diode probe should 
be connected to the V12 anode side of the 150 pF coupling 
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capacitor and the capacitor should be temporarily dis
connected from the grids of V13 and Vl4. This is essential, 
otherwise any peak r.f. drive that exceeds the negative bias 
potential (abou1 50 volts) will cause the p.a. valves 
to draw grid current, the input impedance will fa ll to a few 
hundred ohms and severely damp the resonant circuit thus 
giving a false low reading. Before taking valve voltmeter 
reading the circuit must be correctly res0nated, with the 
d iode probe in position, by the front panel ORIO TUNING 

control. 
The various oscillator output voltages are not particularly 

critical and arc quite satisfactory if within plus or minus 20 
per cent. If they are outside these limits they can most con
veniently be adjusted by changing the value of the anode feed 
resistors. 

A convenient method of plotting the sideband filter 
response curve-either for the h.f. or the I.f. filter- is to use 
an audio signal generator. The audio generator is connected 
to the microphone input socket and the AUDIO GAIN control 
VR! advanced until the tone input is driving the transmitter 
at some convenient level. T he valve voltmeter probe can be 
connected either to the anode of V4 or the grid connection 
to VJ3 and Vl4. The passband should be similar to the 
curve shown in Fig. 10.107. 

The transmitter bas considerable reserve of voltage 
amplification. On the lower frequency bands the R.P. DRIVE 

control is backed off and progressively increased as the 
operating band goes higher. It should only need to be fully 
on when operating on !Om. There is also reserve of audio 
gain (sufficient for a low level microphone). The correct 
setting of the audio gain control when using a normal crystal 
microphone is between half and two-thirds of the maximum 
position. 

'-.1'1 v~ -+-
to 

J \ :: ~ 
I \ L24; I,::: ,, zo 

dB 
11 

I ' A 

/ " 
V7 

' 

30 

, =PF-H ----
so 

Fie. 10.108. Pl ott•d respon< e curve ol the 500 kt/• wide bandpass 
coupler~ 

The unwanted sideband suppression at 1 kc/s (measured 
at the transmitter output terminal) for either filter is better 
than 55db. The low impedance diode modulators make the 
carrier balance particularly stable. The carrier suppression is 
better than 60db. Due to the use of double triode balanced 
converters in each of the frequency translation stages and 
negative r.f. feedback. in the penultimate amplifier, the 
transmitter gives a clean output with a low level of inter
modulalion distortion products. 



"AM" operation is obtained by putting in a small amount 
of carrier with the aid of the carrier insertion control VR3. 
The output is single sideband with carrier and is therefore 
A3H. 

For c.w. operation the transmitter is best controlled by a 
" pre.,;s-to-talk " foot switch. A key jack socket of the closed 
circuit type can conveniently be connected in the cathode 
return of the final balanced converter VI J (between the 
slider of VR6 and earth). T he keying characteristic is clean 
and free from chirp. The audio gain control should be 
turned to zero and the CARRlllR INJECTION control advanced 
until the required amount of carrier is available at the 
transmitter output. 

Power Supply 

An r.f. power amplifier can only operate in a linear manner 
;ind give an undistorted output if it is provided with grid, 

SZ4 

SOOm A 

SOOmA 

tOH 
30mA 

SINGLE SIDEBAND TRANSMISSION 
screen and anode voltages that remain constant in potential 
and do not vary under differing load conditions. The heavy 
anode current demand is at syllabic rate and the main h.t. 
power supply must therefore have good regulation under 
dynamic conditions. 

The circuit of a suitable power supply is shown in Fig. 
10.109. 

CONVERTING TO 144 MCIS 

There arc obviously many different methods of obtaining 
an s.s.b. output on J 44 Mc/s. The most flex ible and practical 
arrangement is however to use an existing s.s.b. exciter and 
convert the 14 or 28 Mc/s output to the 144 Mc/s band when 
this is required. 

An output power of about l watt r.m.s. is sufficient fully 
to drive the usual 144 Mc/s p.a. in class AB!, and this 
amount of power can be obtained from a high level mixer 
using standard B9A valves. The basic 14 Mc/s) .s.b. signal 

LOlll 
POlllEft 

tSK • 
tow 

tSK 
tOW 

EXCITER HT 
275/300V 

SIAS NEG !OOV 

Fie. I 0.109. The power supply for tho 
GlDAF transmitter. The two 160 µ F 
450 volt capacito ro are standard 100 + 
60 1, F electrolytics with tho two sec· 
tions strapped in par allel. Tl may 
be two separate transformers. The 
heater w1 ndln11 (Tl) ror the SZ4 

0 

470pF-"r__ 
tOOOV ..------i 

SA 

SA 

6-JV 
HEATERS 

POWER SOCKET tO WAY 
SELLING LEE TYPE L . 332 
(PLUG TO MATE L .1244) 

AC MA INS 

) 

rectifier i1 S volts at 2 amps. 
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has to be heterodyned to 144 Mc/s by mixing il with the 
ou tput from a crystal controlled oscillator. A very satis
f<ictory yet relatively simple method of doing th is has been 
developed by G3LNP. 

The circuit diagram is shown in Fig. 10.'l IO and it wil l be 
seen that the first hal f of the 12An is a third overtone 
osc illator and the second half a triplc r ; the output at the coil 
L3 is therefo re nine times the frequency or the contro ll ing 
t:rysta l X I. T his output al about 130 Mc/s is furthe r ampli 
fied by the EL9 I buffer a mplifier and l'cd via a link winding 
to the coi l L6. The voltage developed across L6 is then fed 
into the "centre tap., of the balanced mixer grid input 
circuit so that the heterodyning voltage is connec1ed to the 
mixer grids in parallel and can be balanced o u1 in the ou1put 
circuit L7 by adjus1mcn1 of VRl. 1hc balancing control. The 
14 Mc/s ou1pu1 from the basic s.s.b. exciter appears across 
the resonant input c ircu it LS and the two series connected 
50 pf capaci tors a nd feeds the sideband input into the mixer 
in push-pull. L7 and the 10 pF variable cnpacitor form a 
push-pull anode c ircuit tuned to the sum of the two input 
frequenc ies ( i.e. 130 + 14 Mc/s) giving the required s.s.b. 
output a t 144 Me 's. 

The heterodyning input is of course fixed by the crysta l 
frequency a nd the tuning of the 144 Mc/s output frequency 
is dooe on the main 14 Mc/s exciter. T he freq uency of XI is 
therefore determined by the wanted out1>ut in the 144 Mc/s 
band, and by the available tuning range in the exciter. 
The RSGB recommends that s.s.b. operation on 2m should 
take place near 145·4 Mc/s. T his requires an heterodyning 
frequency of 131 ·0 Mcfs obtained from a 14·567 Me's 
crystal, with the 14 Mc/s exciter tuning 14·1-14·2 Mc/s. 

A lthough a 14 Mc/s crysta l can sometimes be made to 
operate on the lhi rcl overtone, it is prefe rab le to use a pro
per th ird overtone c rys.al on 43·733 Mc/s. 

F inally, a word or warning: it is important that the 14 
Mc/s s.s.b. input signal be comple te ly free from any other 
mixer products or v.f.o. harmonics. Many exciters in use do 
not have a " clean " output by any means and rely on the 
additional ailenuaiion of the following linear amplifier and 
aerial tuning circuits. This may be satisfactory on 14 Mc/s, 
but when the exciter is driving the 144 Mc/s mixer these 
circuits will not be in use and nny spurious outputs wi ll be 
fed into the 5763 balanced mixer a nd will be hcterodyned by 
tl1e 131·2 Mc/s input and appear in the 2m output tha t is 
driving the linear a mplifier. There is the refore the danger 
that the transmitter will be radiating several frequencies, 
some of which could be outside the amateur band. An 
example of this would be a v.f.o. o perating on 5·.I Mc/s, some 
o r the third ha rmonic output of which o n J 5· 3 Mc/s appea rs 
in the 144 Mc.'s exci ter output. This would produce (wi th a 
14·567 Mc:s crystal) a spurious output on 146·5 Meis. If the 
v.f.o. were on 6 Me 's the third harmonic would be 18 Meis 
and produce a spurious output on J-19·2 Me's. While linear 
amplifier circuits operating on 1-1 Mc/s can discrimina te 
aga inst a spurious product 2 or 3 Mc/s away from the 
wanted output, they cannot possibly do so when they a re 
operating a t the h igh frequency of 145 Me/s or thereabouts. 
Defore putt ing the 2m s.s.b. transmi11c r on the air check 
carefully and make sure that the output is the one wanted 
and that it is ·· travelling alone'". 
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Fig. 10.110. Circuit of the unit designed by GJLNP for converting a 
14 Mc/s s.s.b. sign31 to 144 Mc/s LI, 2, 15 turns 36 s.w.g. enam. ( LI 
tapped at 1.5 turns from cold end); U, 4 . S. 4 turn 26 s.w.g. enam. 
s paced w ire di3mCter; L6 J turns 20 s.w.g. enam. s paced w ire 
dia.m@ter; L7, J turn1 16 s.w.g. enam. 1 in. d ia.. se lf·supporting with 
1 turn l ink o f p.v.c. ins. wire ; LC. 20 turns 24 s.w.g. cnam. on Aladdin 
- in. dia.. dust iron cor·c fo rmer with 4 turns link of p.v.c .. insul. w ira 
at centre. Lt-4 3.r'O wou nd on Aladdin f in. dia. formers with dust iron 
cores and LS-6 o n sinlilar forme.rs with br3.ss cores. The link windings 
for Ll. 4, S l)nd 6 arc each 2 turns of p.v.c. insulat.e:d wire at the cold 

end of the coil. 

The a lignmcnL of the G3LNP unit should be cnrried out in 
the following o rtler : 

(a) Adjust the dust cores of LI and L2 for maximum 
voltage a t test point TPI. 

(b) Adjust Cx to g ive about negati\·c 40 vohs at TP I. 
(Capacitor value will be about I pF.) 

(c) Adjust the cores of L3 and L4 for maximum vohage 
at test point TP2. 

(d) Adjus1 the cores of L5 for 111i11i11111111 voltage across the 
680 ohm cathode resistor. 

(e) Adjust the core of LS, L6 and 1he 10 pF tt11:ing 
capacito r across L7 for maximum s.s.b. output a t 
J45 Mc/s. 

(0 Set VR l for 111i11i11111m 131·2 Mc/s 0 111 pu t with no 14 
Mc/s drive. 



T H E GJOQD TRANSISTORIZED 
SSB T RAN SCEIV ER 

This transceiver is suitable for mobile use, or as the home 
station equipment. 

The main features include: 

(a) Coverage of all bands from I 60m to 1 Om, with 500 kc/s 
tuning segments on each range. 

(b) A maximum input of 200 walls p.e.p. on s.s.b. (either 
sideband) or c.w.; 75 walls on a.m. (equivalent to 
about 50 watts input for a class C transmitter). 

(c) Operation from an a.c. power supply or from a 12 V 
d.c. transistorized d.c.-10-d.c. converter. 
Construction can be simplified by omission of the 
following optional circuitry. Details are given in the 
relevant sections. 

(d) VOX control. 
(e) Independent receiver and transmitter tuning. 
(f) A.M. and c.w. modes, 
(g) Automatic level control, 
(h) Sideband switching. 

1•1. tr.»1 .. •rr~ .... 

SINGLE SIDEBAND TRANSMISSION 

where it is mixed with the v.f.o. output, tunable over the 
range 2·045-2·545 Mc/s, to give a second i.f. of 455 kc/s. 
Selectivity is obtained in the common i.f. stage with furt her 
amplification being obtained in the receiver i.f. amplifier 
TR6 and TR 7. A balanced demodulator is used for detection 
with carrier insertion provided by TR30. A.g.c. is tapped off 
half-way along the i.f. amplifier and further amplified by 
TRS, TR9 and associated d.c. amplifier TR10, the output of 
which is used to control the gain of TR3, TR2I and TR6. 

When on transmit, the microphone input is amplified by 
TR17, TRI S and TR1 9, with TR17 and TRIS being common 
to both the audio amplifier and the VOX amplifier. The 
amplified audio signal is fed to the billanced modulator 
together with carrier l'rom the carrier oscillator TR30, the 
resul tiog double sideband signal being fed to the mechanical 
filter, via the isolation amplifier TR20. The mecbanical 
fil ter attenuates one sideband; the resulting s.s.b. output is 
then amplified by the common i.f. stage TR21, which pro
vides a balanced output to the first balanced mixer TR22 and 
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Fir. 10.111. Block d iarram or the GJOQO S.S.8. Transceiver usine para llel 6GJSA1 in the P.A. stace. 

The block diagram Fig. JO.Ill, gives an overall picture of 
the Lransceiver by showing the signal paths and relationships 
between the various stages. Considering the receiver opera
tion first, tl1e input signal from the antenna is coupled into 
the receiver r.f. stage TR3 via the transmitter pi-tank. The 
first signal frequency conversion takes place in TR4, where 
the incomiog signal is mixed with the output of the conver
sion oscillator T R26 lo produce a tunable i.f. of 2·5- 3 Mc/s. 
On 160m, SOm and 40m the first i.f. is produced by taking 
the difference frequency, i.e. f1. r = fo•c - fs1g, while on 20m, 
l5m and !Om the sum frequency is used, so avoiding the 
necessity of switching sideb1tnds when changing from, say 
80m to 20m, UltJS maintaining consistent transmitter side
band quality throughout tl1e six amateur bands. 

The tunable i.f. is coupled into the second mixer TR5, 

TR23. High level v. f.o. signal is applied to the mixer, pro
ducing a signal at the tunable i.f. frequency. Conversion to 
the required amateur band is obtained in the second 
balanced mixer, TR24 and TR25, with oscillator injection 
provided by TR26. The output from this mixer is used to 
provide voltage drive to VI, the driver then feeding the p.a. 
stage in the conventional way. 

Operation can be either 'press to talk' (PTT) or VOX; t11e 
VOX circuit consists ofTR31, TR32 and TR33 which a mplify 
the audio before rectification. The rectified audio is used to 
operate the VOX relay via the Darlington connected relay 
driver TR34, TR35. Anti-trip is obtained by rectifying audio 
output from the receiver and applying it in anti-phase to the 
relay driver. For c.w. a phase-shift oscillator TRJ2 is keyed 
by the keying transistor TRI 1. 
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RECEIVER SECTION 

R.F. Stage 

The problem of cross-modulation in bipolar cransistors 
is due to their inherent non-linearity at large signal levels; 
also to the reduction in Q of the tuned circuits produced by 
the shunting effect of the low input and outpuc impedances of 
the rransistor. 

These problems have been overcome to a large extent in 
the present design, by using the transmitter pi-tank to provide 
a h igh degree of selectivity before the r.f. stage. This 
arrangement offers the further advantage that the pi-tank 
may be resonated prior to power being applied to the p.a. 
The unloaded Q of the pi-tank is of the order of 200, and is 
therefore, capable of providing the high degree of selectivity 
required . When the p.a. is correctly neutralized, the output 
impedance on transmit will be a pure resistance in parallel 
with a capacitive component. This capacitive component 
is due to the output capacity of the p.a. valves plus stray 
capaci ty, and is constant on both transmit and receive. 

Although the image rejection of the receiver is improved 
by the increased selectivity p rovided by the pi-tank, on 
l 5m and I Om it is possible lo resonate the pi-tank on the 
image frequency (5 to 6 Mc/s lower than the received fre
quency). This can be eliminated by a resonant circuit , 
series tuned to the image frequency, connected in shunt with 
the r.f. coil LI (Fig. 10.112). If these traps are included, LI 
must be re-resonated to the signal frequency. If, however, 
the pi-tank tuning capacitor is to be calibrated for each 

• • 

band, this extra complfoation is hardly worth while. 
Signal injection into the receiver r.f. amplifier has been 

kept as small as possible, consistent with a good signal to 
noise ratio, by using a coupling capacitor C8 of I ·5 pF 
between the high impedance side of the pi-tank and the high 
impedance point on L I. A further reduction of strong signal 
effects is obtained by running lhe transistor at a slightly 
higher collector current than is usual. 

When field-effect transistors were first introduced their 
specifications promised great improvements in cross
modulation characteristics when used in the front end of a 
transistor receiver. However, as the cross modulation per
formance of this transceiver compares favourably with that 
of valve equipment, it was decided to postpone the use of 
a Field Effect transistor. 

Receiver front-end protection during transmit is provided 
by relay contacts RLB I, which short the receiver input to 
earth, thus preventing any r.f. from the transmitter reaching 
the front-end transistor. 

The r.f. amplifier uses an AF180 in the common base 
configuration; neutralizing is not required. Stage gain is 
controlled by reverse a.g.c. action, or by the manual RF 
GAIN control, included so that overload from strong local 
signals can be prevented. 

The r.f. stage is tuned to resonance by the ganged variable 
capacitors CIO and Cl I which form tbc PRE-SELECTOR 
tuning. 

front p3nel layout of the GlOQO transisto rised SSB tran.s c,e ive r ~nd m atchinc powe r supply unit which al.so housM the loudspeoaker. 
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First Mixer 

The first receiver mixer is a single ended configuration with 
conversion oscillator injection applied by Cl4 to the emitter. 
The output is coupled into the tunable i.f. by a low impedance 
coupling tap on LI 7. 

Second Mixer 

The input to the second mixer is coupled from the tunable 
i.f. by the tap on L16. The mixer configuration is identical 
with that used for the !st mixer. The output from this mixer 
is coupled into the common i.f. amplifier by the tap on 
the standard double-tuned inter-stage i.f. coupling trans
former IFT9. T his is a compromise arrangement with the 
transmitter signal from TR20 applied to the normal collector 
tap, while the receiver is coupled in on the tap orginally 
intended to match into the base of a transistor. Thjs arrange
ment does not seem to affect niociver performance and 
avoids the use of a special transformer. 

Receiver l.F. Amplifier 

This section employs two cascaded common emitter 
AFl 17s in an un-neutralized arrangement with a.g.c. applied 
to the first stage TR6. A balanced demodulator is used for 
s.s.b. and c.w. reception and is similar in form to the 
balanced modulator used in the transmitter section. A suit
able low impedance feed to the balanced de-modulator is 
obtained by using the existing base tap on the standard 
double-tuned transformer IFT2. 

On a.m. an envelope detector, consisting of an OA70 
(D2). is switched into circuit by S2A. This part of the cir
cuitry can be omitted if the a.m. faci lity is not to be 
included. 

A.G.C. Amplifier 

The feed to the a.g.c. amplifier is taken from the base of 
TR7 via a 1000 pF capacitor C21. The a.g.c. amplifier con
sists of two common emitter stages using single-tuned i.f. 
transformers. Damping resistors connected across the 
primaries of these two transformers ensure that the band
width of the a.g.c. amplifier is flat over all the bandwidths 
used for reception and tl1at the response characteristic of the 
filter used in the common i.f. is not altered in shape by a.g.c. 
action. The output from 1FT5 is rectified by 05, while 
D6 is used as an a.g.c. gating diode, charging up C37 to 
provide a long discharge time sui table for s.s.b. or c.w. 
reception. On a.m. this capacitor is switched out of circu it by 
S2B to provide the fast time constant needed for this mode. 

lf the a.m. mode is not included C37 shi:uld be wired 
permanently in circuit. 

The a .g.c. line is fed by the d.c. amplifier TR I 0, the collec
tor voltage being stabilized at l ·2 volis by the combined 
action of ZD.l (5·6 V) and ZD2 (6·8 V). This prevents 
variat ions in leakage current of the transistors associated 
witJ1 the a.g.c. ci rcuits, due to temperature changes, from 
causing variations in the no-signal gain of the receiver. 

Receiver Audio Amplifier 

This audio amplifier is based on the Mullard lW circuit , 
modified for 12 V operation and reduced in bandwidth to 
remove any unnecessary hiss due to ex~sive frequency 
response. 

SINGLE SIDEBAND TRANSMISSION 

Almost any small transistor audio amplifier can be used 
as an alternative to this circuit, provided that it wiJI operate 
from a negative 12 V supply and that a suitable feed to the 
anti-trip circuit can be arranged. A packaged Japanese 
amplifier (Duvidal type EG-1004) is a suitable alternative. 

The loudspeaker used should match the amplifier chosen. 
If required, a headphone socket can also be included. 

S Meter 

A long-tail pair amplifier using silicon n.p.n. transistors 
TRJ, TR2 drives the S meter. The use of n.p.n. transistors 
was found necessary to improve the linearity of the S meter 
scale. The Jong-tail pair has excellent stability if the two 
transistors are mounted close together so that any tempera
ture variation will affect both equally, thus preventing zero 
wander. 

The sensitivity of the S meter may be changed by altering 
the ratio of R35 to R36 which form a potential divider feeding 
a fraction of the a.g.c. control voltage to the S meter circuit. 
If this adjustment is made it will be necessary to re-zero the 
S meter by use of RV 1. 

The meter performs a d ual role, i.e. as an S meter on re
ceive and as a p.a. cathode current or r.f. output meter on 
transmit. 

TRANSMITT ER SECTION 
Microphone Amplifier 

The microphone amplifier circuit has high input im pedance 
and high gain, suitable for microphones used with valve 
equipment. Small shunt capacitors in the microphone circuit 
prevent r.f. feedback from the p.a. Microphone gain, 
adjusted by RV4, should be used sparingly as there is plenty 
of audio gain in hand with this circuit. 

Negative feedback is applied to TR19, by the partially 
bypassed emitter resisto r, giving a rising frequency response 
to the audio anlplifier. The amplifier response may be 
tailored by changing the value of C62 to suit the charac
teristics of the microphoue used. 

The output of the microphone amplifier is coupled to the 
balanced modulator in the conventional way; relay contacts 
RLA2 shorting the output on receive, to prevent audio from 
the microphone circuits being reproduced by the receiver. 

Balanced Modulator 

The balanced modulator is a standard design, using a 
matched pair of0A79 diodes DIO, DJ l in a shunt modulator 
arrangement. Carrier balance is provided by the carbon 
track potentiometer PR V4 and the parallel combination o f 
capacitor CJ62 and trimmer C J63. 

T ransmitter Isolation Amplifier 

This stage is included to isolate the balanced modulator 
output from the input of the common i.r. amplifier during 
reception. This is necessary in order to break the feedback 
loop which would otherwise exist around the common i.f. 
stage. Switching is provided by connecting the emitter of 
TR20 to the receiver supply line (- 6·8 V) so that the 
transistor is reverse biased in the receive condition. 
Capacitor C68 prevents the transmitted signal from coming 
in too abruptly and impairing the c.w. keying characteristics 
of the full break-in position. 
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First Transmitter Mixer 

Drive to the first transmitter mixer is obtained by a special 
over-wind, close-coupled to the primary of JFT8, details of 
which arc given in Table 10.23. 

A pair of 2N706 silicon planar transistors TR22, TR23 
form a balanced mixer. This has the inherent advantages 
that the unwanted signal from the v.f.o. is suppressed at the 
mixer output and the use of two transistors provides a larger 
output, free from spurious components, tha n that available 
from a single-ended mixer. Output from the mixer is coupled 
into the tunable i.f. section by a bifilar winding L3, ensuring 
that a good mixer balance can be obtained. Balance is 
adjusted by the bypassed balance control PRV2, with 
oscillator injection applied to the slider. 

Second T ransmitter Mixer 

The second transmitter mixer uses the same arrangement 
as the first. A step-up transformer with tuned primary winding 
L5 a nd w1tuned secondary winding L6 provides adequate 
voltage to operate the driver valve. The number of turns in 
L6 for each band maintains substantia lly constant drive from 
80m to JOm, but to conform to licencing conditions the drive 
is reduced on 160m by use of a series resistance of about 
5'6K (not shown in the diagram) connected between the hot 
end of L6 and the I 60m posi tion on S I H. 

P.A. and Driver Section 

The valve p.a. and driver are of conventional design, 
employing a 12BY7A as a class A driver, bias being derived 
from the potential divider network R98 and R99. To simplify 
transmitter tune up, the driver anode coil is resonated by 
CJ03 which is ganged to the receiver PRE-SELECTOR con
trol (capaciwrs Cl 0 and CI 1) so as to obtain suit.able 
tracking. 

The p.a. uses two American colour television line outpu t 
valves type 6GJ5A, chosen because of their low cost. This 
combination of p.a. and driver is used since the heaters may 
convenieatly be connected for 12 Voperation for mobile use. 
The transceiver is capable of 200 watts p .e.p. in put on all 
bands, the output falling off at the upper frequencies due to 
increased circuit losses. As the p.a. is operated in class ABI 
the maximum efficiency that can be expected is about 50 per 
cent, which should be obtained on the lower frequencies. 

The p.a. is bridge-neu tralized. Capacitor CI 06 is con
nected in series with the neutralizing control CI05 to isolate 
it from the 300 V driver anode supply, making adjustment 
much easier and safer. P.A. cathode current, or r.f. output, 
is monitored by the combined S-meter and p.a. meter thus 
providing adequate tune-up facilities. The pi-tank is of 
standard design except for tl1e capaci tors switched in 
parallel with the P.A. T UNE tuning capacitor on I 60m and 
80m. This allows the use of a smaller variable capacitor 
thus conserving space in the p.a. compartment. 

Lf high power is not a prime requirement a suitable tran
sistor p.a. could be substituted for these stages, using one of 
the many published designs. 

Automatic Level Control (A.LC.) 

Ia accordance with modern transceiver practice automatic 
level control has been included in this design. 
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The circuit functions in the following way; r. f. at the low 
impedance end of the driver coil is rectified by D7 to produce 
a posi ti ve d.c. voltage, which is applied to the top end of 
VR6, the pre-set ALC LEVEL control. Resistor RIOO 
connected in series with the coupling capacitor C l27, pre
vents the a.Le. circuitry from upsetting the neutralization of 
the p.a. stage. 

With the ALC LEVEL control set to minimum (slider to 
earth), bias is fed to the common i.f. amplifier through the 
gating diode DS. As the control is advanced the bins 
voltage increases but the positive voltage, due to rectified r.f. 
from the driver, causes the bias fed to the common i.f. to fall 
back towards its original value. A.Le. action causes the low 
level voice components to be amplified more than the high 
level peaks and should be used sparingly, as any form or 
speech compression will always have a detrimental effect on 
the transmitted quality. It is also possible to over-run the 
p.a. stage because the average signal power is much greater 
with. a.l.c. in operation. In practice the a.1.c. setting should 
never exceed one-third of the track of R V6. 

If desired the a .Le. circuitry can be left out of the design 
by permanently connecting RJ02 to earth, the remainder of 
the a .Le. circui try being omitted. 

For a.m. operation the a.l.c. is disabled by S2B, to prevent 
the modulation percentage of the a .m. signal being reduced. 
This circuitry can be omitted if the transceiver is not to 
operate on a.m. 

COMMON STAGES 

Conversion Oscillator 

The Pierce-Colpitts oscillator circuit chosen has been so 
arranged that only one switch pole is needed to select the 
appropria te crystal and the associated resonating capacitor. 
The 3 ohm carbon re.sister RI04 across the secondary 
of the osci llator coupling transfo rmer reduces t11e effect 
of loading variations caused by the transmit and receive 
circuits. However, oscillator frequency pulling may still 
result if the tuned ci rcuit (LJ8 in parallel with Cx and trim
mer) is not correctly resooaced. 

Only one 500 kc/s segment of !Orn (28·3- 28·8 Mc/s) was 
included in the prototype and it will be necessary to increase 
the number of BAND switch positions by three, mak[ng a 
total of nine, to give full coverage of IOm. The crystal 
frequencies required for the excra sections arc given in 
Fig. JO.J 10. No Cx component is required but a separate 
trimmer must be used with each crystal. 

V.F.O. 

The v.f.o. uses the W3JHR 'synthetic rock' ci rcuit which 
is run at a low supply voltage of -4·7 V stabilized by ZD3. 
The output from the emi11er follower TR28 is fed 10 an 
amplifier co provide sufficiem drive for the receiver and 
transmitter mixers. Ll4 is damped by the output impedance 
of TR27 giving a substantially constant output across the 
tuning range. To prevent frequency pulling the secondary 
winding LI 5 is damped by a 3 ohm carbon resis tor so that 
any changes in load impedance will be negligible compared 
with this low value. This resistor also has the function of 
making tl1e output impedance of the v.f.o. which feeds 
the transmi11er mixer appear more resist ive, thus ensuring 
stable mixer operation. 



Some slight pulling of the v.f.o. frequency may still occur 
between the transmit a nd receive posit ions due to earthing 
effects. Precautions against this are described in the section 
on constructional considerations. 

No attempt has been made to obtain a linear tuning scale 
as the effort involved was not thought worth while. H this 
is considered an operating disadvantage then Cl53 should 
be replaced by a straight-line frequency law type; padding 
capacitors may also be required. 

Carrier O scillator 

The carrier oscillator uses a standard 465 kc/s single-tuned 
inter-stage coupling transformer 1FT6, with the low impe
dance second:Lry providing tbe necessary match into the 
balanced modulator. 

The supply voltage to the carrier oscillator, stabilized at 
5·6 V by ZD4, is switched off during a.m. reception by S2K. 
This switch connects the oscillator to the transmit supply line 
for a.m. transmission and to the common supply line in all 
other modes. If the transceiver is required only for use on 
s.s.b. in the normal side-band mode, S2K and S2I may be 
omitted and the carrier oscillator permanently connected to 
the common supply line (junction of R 125 and pole of RLAI). 

Apart from the output which feeds the balanced modulator, 
an output to the balanced demodulator is provided by the 
collector of TR30, with carrier insertion for transmission of 
a.m. provided by RVS, which introduces carrier into the 
common i.f. stage when the mode switch is in the a.m. 
position. RVS, Cl 60, R79 and R80 should be omitted if 
transmission of a.m. is not required. 

The carrier oscillator crystal for the normal side-band 
mode should be chosen to produce a frequency correspond
ing to t11c - 20db point on the lower side (l.f.) of the mechani
cal filter selectivity curve (upper sideband generation). If 
the inverted sideband mode is included, the required crystal 
should prodllce a frequency at the corresponding - 20db 
point on t11e upper (h.f.) side of the filter response. 

Tunable l.F. 

The first i.f. of 2·5-3 Mc/s is made tunable rather than 
broad band, to keep spurious responses to a minimum. The 
transmitter drive is kept constant across the 500 kc/s band 
by tracking the tunable i.f. across this range. 

The combination of tunable i.f. and transmitter and 
receiver milters forms the bilateral mixer section. A bilateral 
mixer is one in which the direction of the signal path may be 
reversed by switching cl.c. supply Jines only. This form of 
operation is achieved by the special coupling coils used in the 
tunable i.f. section, enabling both transmitter mixer and 
receiver milter signal paths to be permanently connected. 

Common l.F. Stages 455 kc/s 

Standard transceiver practice is to use the same filter 
arrangement for both the transmitter and receiver sections. 
Accordingly, the filtering is incorporated in the common i.f. 
stages and in this des ign a Kokusai mechanical filter type 
MF-455-1 OK provides the response necessary for s.s.b. 
operation. The filter used in the prototype transceiver has a 
- 6d.B bandwidth of 2·7 kc/s. A narrower filter can be used 
to improve the receiver selectivity but the transmitted signal 
will be impaired as a result. The bandwidth of the filter to be 
used is therefore a matter of personal choice. 

lo planning the transceiver it was decided that it would be 

SINGLE SIDEBAND TRANSMISSION 

advantageous to make provision for both a.m. and c.w. 
operation as well as the normal s.s.b. modes. Amplitude 
modulation is usually produced, in a sideband transmitter 
by inserting a certain amount of carrier. If this method 
is used, distortion may become evident unless the 
modulation depth is carefully controlled. This 
is overcome by switching out the mechanical filter on 
a.m. and using top-capacity coupling between TFT9 and 
IFT7 to produce the bandwidth required for both sidebands. 
When carrier is introduced into th.is double sideband 
signal, normal a.m. is obtained, provided that IFT9 is 
correctly resonated so that the carrier and sidebands are 
in the correct phase relationship. Similarly, the reception 
of a.m. signals is not always possible by the exalted 
carrier method, so the provision of a wider bandwidth is 
al~o advantageous for a.m. recepuon. Jn operation the trans
ceiver behaves as a normal a.m. transceiver when switched to 
the a 'll. position. 

C.W. reception is ennancea oy swltchmg a senes-n.:sonan 
crystal filter in series with the mechanical filter to produce a 
narrow bandwidth more suitable for this mode. The actual 
frequency of this crystal is a matter of personal choice the 
required crystal frequency is calculated as follows: the s~ries
resonant frequency of the crystal is equal to the carrier 
oscillator frequency plus the required pitch of the received 
c.w. signal. Thus, if a pitch of 800 kc/s is required and the 
carrier oscillator frequency is 453·2 kc/s, then the crystal 
should have a frequency of 453·2 kc/s + 0·8 kc/s = 454 kc/s. 
A surplus Fr241 t~pe has been used but improved selectivity 
can be expected with a new crystal, due to the h igh Q factor 
of modern hermetically sealed units. If desired, a suitable 
commercial c.w. fi lter could be used in place of the crystal, 
but the performance of the single crystal is adequate for most 
conditions. 

The required fi lter is selected by poles S2F and S2H of the 
mode switch, while switches S2G and S2£ prevent leakage 
around the mechanical filter due to the top-capacity coupling 
used for a.m. Because the filters used for the various modes 
have different insertion losses, it is necessary to equalize the 
gain of the common i.f. stage in such a way that the com
bined amplifier gain and filter insertion loss is constant. 
Equalization of gain is achieved by switching the value of the 
emillcr resistor with S2E, thus adjusting the biasing con
ditions of TR21 to give canst.ant gain oo all modes. 

l t is not necessary to include the complication of switchable 
filters if a basic s.s.b. transceiver is required: S2E, S2F, S2H 
and S21 may be omitted, leaving the mechanical filter per
manently in circuit. 

rn this design, the changeover from transmit to receive is, 
as far as possible, effected by switching d.c. supply lines, 
keeping signal switching to a minimum. This requirement 
lias been satisfied for the tunable i.f. section by using the 
primary of lFT9 to provide the transmitter signal path. The 
receiver signal is fed from the collector of the receiver second 
mixer to the tap on the secondary ofIFT9. This is a normal 
double-tuned transistor i.f. transformer and results in a mis
match between TR5 and IFT9; in practice th is compromise 
arrangement will be found to be acceptable. 

To produce a transformer suitable for matching the output 
of the common i.f. amplifier into the first transmitter mixer a 
standard double-tuned transformer is modified by the 
addition of a bifilar overwind, details of which arc given in 
Table 10.23 
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SPECIAL FACILITIES 

C.W. Tone Oscillator and Keying C ircu its 

When c.w. operation is incorporated into sideband 
equipment, some of the inherent features of the system can be 
used to good advantage. The problem of netting with simple 
c.w. transmitters is overcome by using a tone oscillator to 
produce the same pitch as that used for reception. This is 
possible with an s.s.b. transmitter, because a keyed tone will 
produce a pure c.w. signal, rather than the m.c.w. signal 
which would result if this technique were applied to an a.m. 
transmitter. An additional advantage gained by the use of a 
tone oscillator is obtained by using the output to provide 
side-tone facility. 

The tone oscillator uses a single OC45 in a phase-shift 
circuit which must be adjusted in frequency to correspond 
with the pitch chosen for the received signal, thus making 

netting unnecessary. (Note frequency = 
2

.,,. C~ .,;
6
) 

Keying a phase-shift oscillator oft his type can produce a very 
poor keying characteristic: a separate keying circuit is there
fore used which effectively shorts the output during key-up 
conditions. The coupling network, C43 and R41 , prevents 
t11e oscillator from being too heavily loaded when TRI 1 is 
shorting the output. The action of lhe keying circuit is 
simple; an OC45 is made either conducting or non-conduct
ing, by switching the base between negative or positi,·e voltage 
with respect to the emitter. Keying characteristics are shaped 
by C4 I which may be adjusted to satisfy individual require
ments. The shaping network will be fully effective only when 
the mode switch is set to either the VOX or MOX positions. 
In the PIT position the signal wi ll be a little sharper due to 
the action of the transmit/receive relay. 

Three different modes of c.w. operation arc possible with 
this design, firs tly, by using the function switch in the PTT 
position, the transmit/receive relay is keyed directly via Dl5, 
pro~ i ding full break-in operation. Secondly, in the VOX 
position, a delayed form of break-in operation can be used, 
the time constant being decreased on c.w., as the normal 
YOX delay is rather too slow for average keying speeds. 
Finally, to prevent the VOX relay dropping out during 
transmission, use can be made of the MOX position which 
wiIJ produce a perfect c.w. signal. 

If c.w. operation is not required, the c.w. osci llator and 
keying circui t can be omi tted, or replaced by a two-tone 
oscillator for tune-up purposes. 

Independent Receiver and Transmitte r T uning 

Independent receiver tuning is a facility which enables the 
receiver to be tuned over a small frequency range of ±5 kc/s, 
without altering the transmitter frequency. This enables the 
operator to follow a drifting signal or to check either side of 
the transmitting frequency. By switching over to the inde
pendent transmitter tuning position the transmitter will be 
on the frequency previously set by the independent receiver 
tuning position. 

The action of th is circuit relies on the voltage-variable 
capacitance nature of a silicon junction d iode. The diode, 
VCDl, is operated in its reverse bias condition, the depletion 
layer capacitance decreasing with increased reverse bias 
voltage. The variable capacitance action produced by the 
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bias control voltage is applied in parallel with the v.f.o. tuned 
circuit by C156. If desired the value (nominally 22 pf) of this 
capacitor may be increased, to give a greater range of fre
quency deviation. As the capacitance change follows a 
reciprocal square-root law, a linear track potentiometer con
trolling the bias would give a non-linear scale on the IRT/ 
!IT control. An improvement in linearity is obtained by the 
use of a logarithmic potentiometer; and this, while not 
giving a perfect ly linear scale, is quite satisfactory in 
practice. 

D.C. swi tching to the i.r. t./ i.t.t . circuit is obtained d irectly 
from the switched transmit and receive supply lines, and by 
using D9 as a switching diode the need for extra relay 
contacts is avoided. fn the i.r.t./i.t.t. "OFF" position the 
diode is fixc<1-biased by the potential divider Rl 19 and Rl20, 
this voltage being adjusted to give a frequency approxi
mately central with the maximum deviation produced by 
R V7 at each end of its track. 

If the extra complication of i.r.t./i.t.t. circuitry is not felt 
worth while, all the i. r.t./i.t.t. circuitry, including C l 56, may 
be omitted together with the connections to S3A a nd S3l3. 

VOX Cir cuitry 

The YOX circuit comprises three stages of amplification, 
TR3l, TR32 and TR33, with TR31 being disabled by S4A 
when the function switch is not in the YOX position. The 
input to TR3 I is taken from the top of the transmitter pre-set 
MIC GAIN control, so that the VOX sensitivity is not 
affected by the setting of this control. The VOX sensitivity 
is pre-set by the YOX GAIN control R V9 (which adjusts the 
audio level fed to TR31). 

The audio output from TR33 is recti fied by the VOX 
rectifier 0 12 to produce a negative d.c. voltage at the 
bottom end of the pre-set ANTI-TRIP control RV !O. The 
anti-trip rectifier 0 13 produces a positive d.c. voltage at the 
bottom end of RVlO, de rived from the audio amplifier. 
Adjustment of the ANTI-lR!P control RVIO ensures that 
the correct percentage of negative voltage from t11e VOX 
amplifier, and positive voltage from the a nti-trip circuit, is 
fed to the VOX relay actuator to obtain reliable operation. 
Drive to the relay actuator is applied by t11e gating diode 
D 14, which prevents the VOX time-constant capacitor 
CJ75 from discharging back into the drive circuit. The 
a ttack time of the VOX circuit is dependent on the charging 
time of this capacitor, which should therefore have as small 
a value as possible, consistent with obtaining the correct 
delayed VOX action. 

To energise the relay, the Darlington Pair configuration, 
chosen for its high input impedance, allows the use of a small 
capacitor, which may be varied to suit individual require
ments. 

For c.w. the switch S2J shorts out the anti-trip and at the 
same time connects Cl 76 in series with C l 75 to reduce the 
VOX time-constant, making it more suitable for c.w. 
operation. C I76 may be adjusted to suit individual keying 
speeds. If the c.w. facility is not included, then switch S2J 
can be left out and Cl 75 permanently connected. 

It is essential that TR34 is a silicon p.n.p. transistor be
cause the leakage current (Icbo) of a germanium transistor 
would tur n the relay drive transistor TR35 on con
tinuously. 
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SINGLE SIDEBAND TRANSMISSION 

-

Transccivor undcrchaui s layout. N oto the extensive screen ing round the i.f. and r.( . sections and accessibility of componen t boards 
n1oun ted over the cut-outs in the chassis. Board' can b o identified from the annotated top chassis diagram , Fi g. 10.1 15. 

Diodes DI 7 and 016 are connected across lhe relays RLA 
andRL13 respectively as a precautionary measure in case volt
age spikes due lo the back e.m.f. across the relay coils 
exceed the breakdown voltage of the transistors. 

Two relays perform transmit/ reoeive switching, relay RLB 
being d riven from contacts on relay RLA, which also provide 
a I 2v suppl~· on transmit for switching any relays in ancillary 
equipment e.g. power supplies, linear amplifiers. 

If VOX is not considered a necessity for s.s.b. 
operation, this part of the circuitry can be omitted by leaving 
out all components between, and including TR31 to TR35, 
but retaining RI40, Cl72, ZD5 and Rl2S. 

CONSTRUCTION 

Considerable scope for modification and future develop
ment is provided by the use of Radio Spares printed circuit 
boards which have positions for eight transistors with 
connecting strips and triangular component mounting leads. 

The completed boards are mounted into cut-outs made in a 
standard 1 I in. x 14 in. aluminium chassis thus making 
both sides of Lhe printed circuits fully accessible. Tbe 
only panels not mounted in this way are the bilateral 
mixer panel, receiver front end and audio amplifier sections, 
which are mounted vertically to conserve chassis space (see 
pages 10.98 and 10.99). 
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lo tJ1c prototype the transceiver size was dictated by the 
form of construction used; it is thus quite in o rder to reduce 
the size by stacking the printed circuits to gi1·e a much 
greater component density, but at the same time sacrificiog 
accessibi lity. As the method of construction aod layout 
favoured by individual constructors wi ll vary greatly, a 
detailed description of the layout is not given, although the 
photographs and sketch d iagram show the basic layout. 
The purpose of this section is to give some idea of the 
problems likely to be encountered and how they may best 
be overcome. 

Instability is as much a problem with traosistors as with 
valves; however, the cause is somewhat different, t11e impor
tant criterion being to preveot any common impedances 
existing between the separate stages. Tl may therefore be 
necessary to add some extra decoupling not shown on the 
circuit diagram, taking care that this docs not impair the fast 
transmit/receive capabilities of the transceiver. All the extra 
decoupling should be confined to tbe main supply lines, 
thus providing the low impedance feed necessary to keep 
time constants short. 

The receiver r.f. amplifier may require special atlention so 
far as its decoupling arrangements arc concerned. It is 
advantageous to make up lhe value of C9 from several 
separate capacitors earthed down to different points, also 
keeping the base lead of TR3 reasonably short (not greater 
than ! in.). Lack of gain at ilie higher frequencies can often be 
traced to poor decoupling o f the eariliy side of the input and 
output tuned circuits, which may be remedied by making up 
the values of C7 a nd Cl 2 from a oumber of smaller capacitors, 
again earthed to separate points. Instability can be par
ticularly troublesome in the 455 kc/s i.f. stages due to the 
high loop gain p roduced by so many stages operating on the 
same frequency ; thjs can be overcome by checking t11e de
coupling and earthing, with particular atlenlion to t11e mixer 
aod a.g.c. sections. If i .f. instability persists, it is in order to 
connect damping resistors across the i.f. traosformers 
associated with tbe offending stages; tbc loss in gain is not 
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Fit . 10.114. Method of mou nting coils on the &wi tch screenin1 plate. 

serious as the gain of the i. f. strip is on the high side. Selec
tivity will not be affected because the response of tbe 
mechanical filter is not altered by ilic response of subsequent 
stages. A particular form of audio instability, or hum, may 
result if the audio panel is not earthed at a single point close 
to the amplifier input. 

The above poiots should make it possible to clear up all 
instability problems which might arise in the receiver section, 
but one of the in11erent drawbacks with a tra nsistorized 
transceiver is the proximity of the p.a. stage to the transis
torized sections. This can result in r.f. from the p.a. being 
picked up on the wiring of the low level stages and rectified 
by the non-linear action of the transistors. Decoupling by 
electro lytics is not efficient at r.f. and such components may 
require bypassing with a small ceramic capacitor. The photo
graphs show the extensive screeniog used lo prevent r.f. 
radiation from the p.a. getting back into the transistor stages. 

Coils 

.. ~~~·fERR t~g: 

COUPLED TO Pl- TANK 
SWITCHES SiJ AND 
Si K 

Fis . 10.113. Co i l aue mbly •howing 
layout o f colts and switch wafers. 



SINGLE SIDEBAND TRANSMISSION 
TABLE 10.ll 

COIL WINDIN G DETAii.$ 

BAND 
Compone nt ----I 1'0m I 80m 40m I lOm I !Sm I !Om 

L1 96 turns, 38 s.w.c .• 63 turns. 36 1.w.c .• 37 turns, 30 s.w.c .• 21 t ·urns. 26 s.w.i .• 15 turns, 22 s.w.a., 10 turns, 20 S.W.J., 
L1 tap (from u rthy 

end 1'4 turns 8 turns 4 turns 2 turns 2 tu r ns 1 co rn 
CA 150 pf 82 pf 22 pf - - -

L2 96 turns, 38 1,w.J. 63 turns:, 36 1.w.c. 37 turns, 30 1.w.c. 21 turns, 26 s.w.g. 15 turns, l2 s.w,g. 10 turns, 20 s.w.g. 
L2 up (from earthy 

35 turn.s 19 turn• 10 turns end) 65 turns 6 turns '4 turns 
CB 82 pf - - -
L12 

150 pf 
H turns, 36 s.w.g, 8 turns. 36 J,w.c . 

22 pf 
2 turns, 24 s.w.g., 2 turns, 24 s.w.g., 2 turns, 24 s.w.g .. , 2 turns, H s.w.g., 

(pvc covered) (pvc covered) (pvc covered) (pvc covered) 

LS (bifilar) 60 turns + 60 turns, 32 curns+Jl turns, 19 curns + 19 turns, 112 turns +12 turn s, 9 turns + 9 turns, 1 6 turns +6 turns, I 
38 l .W.(. 36 $.W,(, 32 s.w.g. 28 s.w.g. 26 s.w.g. 20 s.w.g. 

CD 47 pf 33 pf - - - -
L6 on c~ntre ol LS 10 turns, 38 s.w.g. 6 turns, 36 s.w.c. 22 tu rns, 32 s.w.c. 12 turns, 28 s.w.g. 9 turns, 26 s.w.1. 9 turns, 30 s.w.1. 

L7 100 turns, 38 s.w.g. 63 turns, 36 s.w.c. 40 turns, 32 s.w.g. 1 16 turn$,~ s.w.g. 1 10 turns,~ s.w.g. 1 6 turns, ~s.w.1. 
CE 68 pf 33 pf -
x ~ 4·5 Mc/s 1 6·5 Mc/s 10 Mc/s 1 11·5 M</s 1 18·5 Mc/ s 1 25·8 (28· 3.:::8·8 Mc/s) 
ex (silver mica) 1200 pF 560 pf 220 pf 180 pF 82 pf 

L18 10 turns, 14 1.w.g. L19, 2 turns (21 s.w.g .. p.v.c. covered) at earthy ond 

LH 60 turns. 36 s.w.r . L13, 1 turn (24 s.w.r .. p.v.c. covered) at urthy end. L1S, 8 turns, 36 s.w.g. at earthy ond 

L4 (bifilar) -4 turns + i turns, l_. s.w.c. p.v.c.. covered L 17, 50 turns, 36 s.w.g .. capped at 20 turns from earthy end 

L3 (bifi lu) 12 turns + 12 turns. 36 s.w.c. L16, 50 turns, 36 s.w.r., tapped ot 3 turns from earthy end 

L11 35 turns, 2-4 s.w.,., ! in. diam. ceramic former with core 

IFT1, 2, 7, 9 Double·tt.rned , Not pot cote type 

lfT3, 4, 6 Denco Type IFT13 IFTS Donco Typo lfTH 

IFT 8 Double tuned with 8 turns + 8 turns binlu closo-coupled t.o primary 

LS • turns, 1 '4: s.w.c .• 1 in. diam .• 1 in. long, air-sp.accd 

L9 2 turns, 16 s.w.c .• 3 turns, 8 turns, 10 turns, 18 s.w.g: .• 1 l in. c1ramic or poly.styrene rods, 2 in. long, ,:h in. between segments 

LIO 28 turns, 22 s.w.c.1 1 in. diam. ceramic or po lystyrene rods, i in. long 

RFC 1 / 10. 1S, 25, SO, 150 turns, 36 1.w.c. with l in. between secmonu on '4 in. long,~ in. diam. ceramic rormor 

NOTE 1-Exupc where noud, coils are clos&-wound on Aladdin n in. diam. lormer with suitable slug. 
2-RfC 4:-LAl pot core wound lull wich 22 1.w.c. formnr. 
3-APC:-6 turns 18 1.w.c. wound on 47 ohms 2W carbon r·esistor. 
4-L9 •nd L10 can be constructed similar to Codor coils. 

The use of screening has the added advantage of improving 
the overall rigidity; this being a most important factor if the 
transceiver is to be subjected to the vibration encountered in 
mobile operation. Many otherwise very stable v.f.o.'s are 
marred by relative movement between thefrequencydetermin
ins components of the oscillator due to stress in the chassis, 
causin g freq uency shifting. The v.f.o. should therefore be 
constructed in a diecast box of sufficient dimensions to give a 
clearance around the coil at least equal to its own diameter, 
or a smaller diameter coil former used. Relative movement 
between the tuning capacitor and the remainder of the v.f.o. 
circuitry is prevented by mounting the tuning gans on a 
rigid tin. aluminium panel screwed to the v.f.o. box, with the 
chassis sandwiched between. It is most important to have the 
v.f.o. box well earthed and fully screened to prevent any 
frequency pulling, caused by d iffering earth currents in the 
chassis, produced when changing from receive to transmit. 
As the output of the transistor carrier oscillator is par
ticularly rich in harmonics, some of which will inevitably fall 
in the amateur bands, it is most desirable to have this stage 
fully screened. The screening performs a dual role by also 
preventing carrier leakage into the 455 kc/s i.f. stages. 

The coil assembly Fig. 10.113 uaed in the prototype employs 

a system of mounting the coils which produces a very compact 
unit. Each set of six coils is mounted on two 2! in. lengths of 
i in. aluminium angle bolted to the screening plate associated 
with the switch wafer. The diagram in Fig. 10.114 shows how 
one such coil set is constructed, with three of the six coils 
accessible from the top of the chassis, lhe others being 
adjusted from the underside. 

Component Selection 
This sect.ion indicates where component choice is critical 

and where substitutions are possible. 
Jn general, none of the transistor types are particularly 

critical, in fact OC171 's can be used for all the germanium 
transistors used in r.f. applications, a lthough the use of an 
AFl80 for the RF stage produces slightly better results at the 
upper frequencies. The 2N706's used for the balanced mixers 
can be replaced by 2N706A, 2N708, BSY38 or equivalents. 
A suitable alternative for the BCI09 is a 2N2926 (green) or 
BCI07, BC108. The other transistors used for audio applica
tions are also not critical and any trnnsistor or diode used in 
the design can be replaced by an equivalent the suitability of 
which may be verified by consulting manufacturers' published 
data. 
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--
Transceiver top chassis layout. This should be compared with tho detailed layout diagram Fig. 10.11S on the opposite page. 

The i.f. transformers chosen were surplus items, of con
ventional cons1.ruction (not pol core type). If pot core types 
are to be used it may be necessary to clamp the Q of the 
windings with a parallel resistance to prevent reduction of 
the i.f. bandwidth produced by the mechanical filter. A 
drawback with th is type of i.f. transformer is that it is not 
suitable for addi1ion of overwiods as required by IFT8. 

All potentiometers are of carbon track construction, PR V 
on tJ:ie circuit diagram indicating the use of miniature preset 
types. 

The switches are almost entirely of the Radio spares type, 
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the exceptions being the wafers used for pi-tank swi1ching 
which should be of ceramic construction. The Radio Spares 
switches are not the most suitable for r.f. applications 
because the large stray capacitance between the contacts can 
cause sucking from an in-circuit coil by one out of circuit. 
If a belier switch is available this should be used in 
preference. 

The relays used to perform the transmit/receive function 
must have a short operate time, particularly if full break-in 
operation is to be used. The relays used in the prototype 
are of the miniature " Siemens " type. 
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If substitution of the mechanical filter is contemplated, it 
should be noted that the transducer resonating capacitors arc 
contained within the Kokusai unit to give a high input and 
output impedance. This is not usually the case with other 
makes of filter (e.g. Collins types) and external resonating 
capacitors must, therefore, be used as indicated in the 
manufacturers' instructions. 

All the variable capacitors were of surplus origin. The 
pi-tank P.A. TUNE capacitor must have a suitably wide 
spacing 10 prevent flash-over, but the LOAD capacitor may 
be a standard double-gang broadcast type. A three-gaag25 pF 
per-section capacitor can be used for the 'PRE-SELECTOR 
control in place of the separate capacitors (ganged by insulat
ing flexible couplers in the prototype), provided that earthy 
side of Cl 03 is taken to earth iostead of the junction of 
Cl04 aod L7. 

The 2} in. square illuminated S meter is of Japanese manu
factu re with the lower part of scale calibrated 0- 300 mA for 
measuring p.a. cathode current; any meter with a basic 
movement of 0-1 mA f.s.d. can be made suitable by recali
bration of the scale in S units and mA as required. 

A suitable d ial assembly can be fabricated (with some 
ingenuity) using, as a basis a Muirhead epicyclic drive mech
anism as found in the RP26, RF27 and other surplus 
equipments. 

It is hardly necessary to point out that the final perform
ance may be impaired if inferior components are used, some 
cheap electrolytic capacitors were found to go low in 
capacity after only a short amount of use. Mullard capacitors 
have given no trouble and are therefore recommended. 

TUNE SANO PRE·SELECTOR 

ALIGNMENT AND FINAL ADJUSTMENTS 

Failure to obtain satisfactory results from a completed 
equipment is usually due to incorrect alignment and adjust
ment. This design, although complex, should not present 
any unduly di fficult alignment problems, even if little test 
equipment is available. It is, however, desirable to have a 
multimeter (20,000f!/V) and a signal generator (BC221) for 
calibration purposes; a valve voltmeter is also useful (see 
Table 10.24) but by no means essential. 

Before alignment of the tuned circuits can be commenced, 
the d.c. operating conditions of the transistors must be 
correct and this should be the case, provided that the wiring 
is free of errors and faulty components. 

As a guide to constructors new to transistors, a simple 
check can be made by measuring the base-emitter voltage 
which should be about - 0·2V for germanium traosistors 
and approximately O·SV for silicon. Also, the Zener diode 
voltages (and currents) can be checked. It should be noted 
that the base-emitter voltage of the mixers must be measured 
with the oscillator drive disabled, otherwise false readings 
will be obtained. This effect can, however, be used to advan
tage by checking the emitter voltage of TR4, which should 
be found to vary between -O·l6V on JOm to - O·OBV on 
160m, indicating correct oscillator injection. 

The biasing of the receiver audio output transistors, 
TR13, TR.14, may require adjustment to prevent cross-over 
distortion or over running- this is set by the potential divider 
R50 and R51. 

The d.c. voltage at the junction of C78 and C79 (base of 
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TR21) must be checked. This is the a.g.c. control voltage and 
is measured with no input to the receiver and with the PRE
SELECTOR control detuned; an approximate reading of 
- 1 V should be obtained. 

All the oscillators can be checked and the v.f.o. adjusted 
for correct coverage (2·045 Mc/s to 2·545 Mc/s) by usiog the 
main station receiver; it may be necessary to listen to har
monics of the carrier oscillator if coverage of 455 kc/s is not 
available. 

Alignment should commence at the receiver back-end 
(455 kc/s i.f.) witJ1 the mode switch io the oormal sideband 
posit ion, input signal being provided by either a signal 
generator set to the centre frequency of the mechanical 
filter, or an aerial may be loosely coupled to the secondary 
of JFT9. 

The i.f. transformers !Fri, 2, 3, 7, 8 and 9 may now be 
adjusted to obtain maximum output; precise alignment is 
not important at this stage. The a.g.c. amplifier may also 
be aligned by adjusting IFT4 and IFT5 for ma.ximum S 
meter reading. Alignment may now proceed by adjusting 
ll1e tuoable i.f. (Ll6 and Ll7) to resonance, which may be 
achieved with an aerial loosely coupled to LI 7 if a signal 
generator is not available to provide the necessary signal. 

It is now possible to adjust the r.f. coils LI and L2 for 
maximum S meter reading on received signals, but use of a 
signal generator will prevent peaking the coils on the image 
frequency. Difficulty with aligning the higher frequency 
coils may be rlue to damping caused by adjacent metal work 
being too close. Alternatively, it may be due to suck-out as 
mentioned in the constructional section, in which case the 
LC ratio of the offending coil may be changed slightly. 

Stray capacities will vary in individual layouts and may 
necessitate minor adjustments to the turns on the tuned 
windings particularly on 15 and 10m. This may also be 
required in lhe tuned circuits associated with the transmitter. 

Before power is applied to the transmitter section it is 
important to adjust PRV2 and PRV3 to mid-track. The 
transmitter may now be roughly aligned, commencing with 
the balanced modulator. The value of Cl62 must be deter
mined experimentally (about 50 pF) and the parallel com
bination of this capacitor and Cl 63 should be tried on both 
sides of PR V4 to obtain a satisfactory balance. As the 
common i.f. stage has been aligned, it is necessary only to 
adjust 1he primary of JFT9 in order to obtain a 455 kc/s 
s.s.b. signal at IFT8. The signal may be monitored at the 
tunable i.f. T he v.f.o. output coil U4 should be adjusted for 
resonance at the centre of the tuning range, and PR V2 
adjusted l'or minimum v.f.o. signal appearing at the output 
of tl1e mixer (do not set PRV2 to eitl1cr end of the track: this 
causes excessive current in one of the mixer transistors). 

By loosely coupling the station receiver to L6 it should now 
be possible to hear the signal on each aniateur band, L5 
being adjusted for maximum output in each case. PR V3 
should be adjusted on JOm for minimum conversion oscil
lator signal appearing at the output of the second mixer, 
taking the same precaution as mentioned for PRV2. 

Power may now be applied to the driver valve Vt and the 
anode coil L7 adjusted to resonance, having previously set 
the preselcctor control for reception. This adjustment must 
be repeated for each band to ensure correct tracking. 

Before power is applied to the p.a. the meter shunt MS! 
must be adjusted by applying a d.c. supply with variable 
series resistance to the cathodes of the p.a. valves, the current 
being monitored with an accurate test meter and the shunt 
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adjusted so that llle p.a. cathode current meter reads full 
scale when the test meter shows 300 mA. Incorrect calibra
tion will result if the shunt is adjusted with the meter out of 
circuit. 

With power applied to the p.a. the bias control R V5 
should be adjusted for a standing cathode current of 35 mA. 
Final p.a. adjustment consists of setting the neutralizing 
capacitor CI05 (on lOm) so that the dip in anode current 
corresponds with maximum r.f. output. This condition 
should hold good for all bands without having to readjust 
Cl05. tr this is not the case then some form of feedback 
other than that due to anode-to-grid capacity must be present. 
The layout and wiring should therefore be checked for stray 
capacitive or inductive feedback which varies with band 
changing. 

TABLE 10.1'4 
ll.M.$. CHECK VOLTAGl!S USING VALVE VOLTMETER 

V.F.O. Outiiut (TRl7 collector) 0·6 V 
Carrier Oocfllator (TRJO) output l ·l V 

I 
Conver1ion 

Band Driver Driver Ooclllator 
Grid Anode Collector 

160m 0·4 v 2.5 v 1-3 v 
80m 1-3 v 45 v 1-3 v 
'40m J.S v 45 v 2·0 v 
20m 4·0 v 50 v 2·3 v 
15m 3·0Y '40V 3·0 v 
10m nv 35 v 4·0 v 

1'.e, .. ruonat• coi ls when o;alva 
voltmeter conn ected 

S.S.8. measurements are made with \·S kc/1 audio input to tho micro· 
phone socket and th• level set to 1ive maximum output. 

The transceiver should now be operational and final 
adjustments can be made to give optimum performance. 
With a signal applied at the centre frequency of the mechani
cal filter, the 455 kc/s i.f. strip may now be accurately adjusted 
by tuoing IFT l , 2, 7 and 8 for maximum S meter reading. 
A convenient signal is provided by tuning the receiver to the 
output from a calibration oscillator etc., so that the same 
pitch is heard in both normal and inverted sideband positions 
of the mode switch. Maintaining this setting and switching 
to a .m., the secondary of 1FT9 should be adjusted for maxi
mum S meter reading on this signal. 

For correct a.m. transmission the pre-set CARRIER 
INSERTION control is adjusted on 80m to drive the p.a. to a 
cathode current of 100 mA and the primary of I FT9 adjusted 
to obtain undistorted a.m. An oscilloscope connected 
to tbe transmitter output will assist in this opera
tion although good results can be obtained by monitoring 
on llie station receiver. Since the a.m. drive is set on 80m 
there will be a progressive fall-off at the higher frequencies; 
operators wishing to obtain full input power on a.m. may in
corporate an RP DRIVE control in the cathode of VI, using 
a IOKO potentiometer decoupled by a O· I 1•F capacitor. If 
this modification is adopted PRV8 is set on IOm and the 
drive control turned down to prevent over-driving the p.a. on 
the lower bands. 

To ensure accurate netting, it is important to check that 
the v.f.o. and conversion oscillator frequencies are not being 
pulled due to the change from receive to transmit. This may 
conveniently be checked by monitoring both the v.f.o. and 
conversion oscillator frequencies while changing from re
oeive to transmit. 

Calibration of the tuning dial and IRT/TTT control may 



be accomplished by the use of a DC22l rrequency meter. 
lt should be noted that the IRT/fTI calibration will be 
reversed when changing from, say 80m to 20m. 

A.C. Mains Power Supply 
The power requirements of the transceiver are : 

750 V @ 300 mA peak, for p.a. anode supply. 
12 V @ 2A for heater supply (including dial lights; 

I ·SA for valves alone). 
-100 V @ 3 mA for p.a. and driver bias. 

210 V @ 20 mA regulated, for p.a. screens. 
300 V @ 50 rnA for driver, anode and screen supply. 

- 12 V @ 150 mA regulated. for transistor stages. 

SINGLE SIDEBAND TRANSMISSION 

For home station operation the tranS!=eiver is powered 
from a conventional a .c. power unit which meets the above 
requirements. The circuit is shown in Fig. 10.116. All voltage 
requirements except the stabilized 12 V supply are provided 
by a standard transformer. Any suitable transformer may be 
used provided that the power unit is capable of producing the 
required outputs. 

H igh voltage supply for the p.a. valves is obtained by 
bridge rect ification of the 600 V a.c. output. No smoothing 
choke is used as this would ruin the dynamic regulation 
needed for the fluctuat ing demands of a linear p.a. used for 
s.s.b. The voltage available from a capacitor input filter is 
approximately I ·4 times the a.c. input voltage during off load 

Top left) a nd underchauis (right) views of the a .c. powe.r supply unit which also houses the loudspeaker. 
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Fig. 10.116. A.C. power supply. Tl is a Douglas MTJJAT transformer (300--0-JOOV, 150mA: J · IS-0- 3·1SV, 4A: O-S-6·JV, 2A). 
T2 (6·JV, 1A) and Tl (12V, 1A) are small heater transformers. The smoo~hing choke LI is rated :at 10H, 60mA. Indication 
of•' mains on,. and "h.t:. on" c:onditions are given by the 150V a.c. neon lamps: N1 and Nl reipectively. RV11 should be set to provide 

tl V d .c. on load, at the emitt.er of TR36. 

10.102 



IK 
IW 

HEAVY-DUTY 
CONTACTS 

MINIATURE 
JONES PLUG 

+ 
12V INPUT 

12V RELAY co~ 

SINGLE SIDEBAND TRANSMISSION 

IOOK 
I'll 

IOOK 
I'll 

...._ __ ...._ __ ._ __ ..-----{ 5 

CIRCLED NUMBERS CORRESPOND TO CONTACTS 
OF THE TRANSCEIVER OCTAL SOCl<ET 

Fig. 10.117. D.C. to D.C. converter for mobile o peration. The transformer w indinrs are all of Formvar wire. each layer bein& 
covered with thin plastic tape. The primary windins of 1t + 19 turns, 16 1.w .,., bifilu, and the feedback windinir of 7 + 7 turns, 
lO s.w.g., bifilar, are phased as shown on the circuit diagram to form a continuou1 windinr. Secondary windins details are aa follows: 
450V winding, 900 turns, JO s.w.11., tapped at 800 and 850 turns wound on half of ferrite core: 300V windi nir, 600 turn1, 30 1.w .s. tapped at 500 
and 550 turns. This and the bias windinir of 200 turns, 36 1.w.ir., are wound on half of the ferri te core. Suitable alte rnatives for t he 81181 /A 
transistors ar e Texas Instruments types 2G229, 2Gll0 or 2Gl31. The 1lFR5 diode is r ated at 12A, 50 p.i.v., and the Zener diode• ZlA150F 

at 1SV, IW. 

conditions, falling lo an average value of 750 V during trans
mission. The reservoir capacitor combination should have a 
total capacitance of at least 80 µF with a voltage rating not 
less than 900 V. Equalizing resistors must be included to 
prevent inequality between the leakage currents of the in
dividual electrolytics causing the voltage across one to 
exceed its maximum rating. Convenient use is made of the 
transformer centre tap on the h.t. winding to provide the 
requisite JOO V supply for the driver valve. This 300 V supply 
also provides the stabilized 210 V required for the p.a. screen 
grids. Stabilization is obtained with the series neon stabilizer 
and Zener diode combination. Use of series Zener diodes 
alone to give the same voltage would be a better arrangement. 

As transformers with bias windings are not easily obtain
able, a readily available 6·3 V heater transformer is used with 
the secondary winding connected across a 3· 15 Y supply pro
vided on the main transformer. An output of J25 V a.c. is 
then available at the secondary and is rectified by D23. 
Although there is a bias control on the transceiver chassis the 
bias control RV12 is fitted so that the bias voltage supply 
from the a.c. mains p.s.u. can be adjusted to the same value 
as that produced by the mobile p.s.u. This makes it un
necessary to re-adjust the transceiver bias control when 
changing from home station operation to mobile and vice 
versa. 

A suitable supply for the transistorized stages is derived 

from a small 12 V IA transformer feeding the regulator. The 
series regulator is of standard design the output voltage 
being adjusted to - J 2 Y, prior to use, by the pre-set voltage 
control R VJ I. Input voltage supplied by the bridge rectifier 
can be any value from -17 V to - 30 V without affecting the 
output voltage. 

As can be seen from the photographs, the power supply 
has been constructed to form a matching unit with the 
transceiver, and following current commercial transceiver 
practice, the loudspeaker is also mounted in this unit. Layout 
details are not given for this unit, as it is in no way critical 
and will depend upon the relative sizes of individual com
ponents used. 

Mobile Powe r Supply 

The output available from the power unit Fig. 10.117 mus t 
be some 200 W maximum to allow for the momentary heavy 
current which occurs during tune-up operations, a current 
approaching 20A (allowing for some slight inefficiency) will 
be taken from a 12 Y car battery. The transistors used must 
be capable of switching this 20A input current to produce 
the required d.c. to a.c. conversion. A pair of Bendix Bll81/A 
transistors are ideally suited for this application, having a 
collector junction current rating of 25A and a 160 V break
down figure. Suitable alternatives are suggested in the 
components list. 
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By using a ferrite core for the combined saturating and 
output transformer, a high efficiency (about 90 per cent) can 
be obtained without resorting to the complication of a two 
transformer circuit. 

A suitable core may be obtained from the line output 
transformer removed from a discarded TV receiver. The old 
windings should first be stripped off, revealing the square 
ferrite core which may be carefully separated into two halves. 
In preparation for winding it is tl1en necessary to tape tlle 
core with plastic insulating tape to prevent the winding com
ing in contact with the core. The procedure then adopted is 
to first wind the large number of turns for the two secondaries 
on to the two separate halves of the core, prior to glueing 
them together with" Araldite." Any gap between the two 
halves is kept small by tying the transformer together while 
the glue sets. It is now possible to put the heavy gauge pri
mary and feedback windings on to tlie assembly. A tag panel 
and a coating of "Araldite" now completes the con
stntction. 

Simple mechanical construction of the power supply is 
offered by the use of a standard Eddystone diecast box, 
length 7! in., width 41! in., depth 3 in., to house the complete 
unit. A finned transistor heat sink, mounted on top of the 
box, is used for mounting the power transistors. 

The capacitors connected across lJ1e transformer windings 
are for transient suppression to prevent the voltage 
racing of the transistors being momentarily exceeded, 
resulting in breakdown. Control of the power unit is by the 
heavy duty 12 V relay which is actuated by the VOX circuit ry 
during transmit, giving a worth-while improvement in overall 
operating efficiency and freedom from interference during 
reception. The only disadvantage, a minor one, is a slight 
delay which may be noticed at the beginning of " overs " is 
due to the time taken for the reservoir capacitors to charge. 

.1\11 the circuits given have assumed positive eartl1 opera
tion. As some modern cars arc fitted with negative earth it 
may be necessary to alter the power unit for this kind of 
operation. However, powering of the transistor stages will 
present a problem somewhat more difficult to overcome. 
A suitable solution is to use a small continuously-running 
transistor d.c.-to-d.c. converter, providing a similar out
put to that supplied to the regulator circuitry. By moving 
the regulator circuitry (TR36 TR37, and TR38) on to the 
trnnsceivcr chassis, a completely compatible system is 
possible. Using an extra transistor d.c.-to-d.c. converter 
may seem a disadvantage but immediate switching from 
positive to negative earth is possible with this arrangement. 
The design could be based on two small receiving transistors 
(OC8 .l 's should be suitable) and a transfo rmer wound on a 
small ferrite pot core. 

A RECEIVER WITH NOISE IMMUNITY AND 
FREQUENCY SYNTHESIS 

TI1ere have been several recent developments in the field 
of communications receiver design of interest to the radio 
amateur, particularly in connection with frequency syn
thesisers, and the treatment of man-made impulse noise and 
cross-modulation. The amateur band receiver to be described 
was developed by P. G. Martin (G3PDM), and is an attempt 
co apply some of these latest techniques to a practical design. 
Fig. 10.118. shows the general form of the circuit. 

Cross-modulation and overload usually occur in the 
mixer stages of a receiver, and are particularly severe when 
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a high-gain r.f. stage is used. Much can be gained by having 
the main selective filter close to the aerial, separated from 
it by a single mixer stage and no r.C. stage. A suitable mixer 
valve, with low noise performance and large signal handling 
capabilities is the RCA 7360 balanced beam-deflection 
valve. Used alone, this yields a receiver sensitivity of 
0·4 µV for a lOdB signal-to-noise ratio at SSB bandwidths, 
together wi th the ability to handle interfering signals as 
strong as 2 volts without noticeable cross-modulation or 
overload. As the 7360 is a balanced device, it has further 
advantages over conventional mixers. The anodes are 
balanced with respect to the control grid, so i.f. rejection can 
be 60dB without any front-end selectivity; oscillator radia
tion is low, as the deflection electrodes are balanced with 
respect to the control grid; and mixing at local oscillator 
harmonics is reduced. 

The 7360 valve is far superior to any present-day semi
conductor device for mixer applications, so this receiver is 
a hybrid design. ln general, valves are used for r.f. circuitry, 
and transistors for pulse and switching functions. A total 
of 15 valves, and five transistors and 22 diodes are used. 

The receiver, Fig. 10. I 19 is a single conversion design (in 
order to minimise the number of mixers) with an intermediate 
frequency of 1 ·62 Mc/s. Three half-lattice crystal filters 
provide the main selectivity for SSB reception, giving a 6 dB 
bandwidth of 2·5 kc/s and a 60dB bandwidth of 4·0 kc/s. 
Three i.f. amplifiers arc needed to make up for the absence 
of an r.f. stage, and these use frarne-grid pentodes (Mullard 
EF183), with their excellent a.g.c. characteristics. A second 
7360 valve (V5) is used as a product detector, again in 
a balanced circuit for maximum linearity, and this supplies 
the ECL83 audio amplifier (V6). No provision is made 
for a.m. reception except by exalted carrier techniques, 
but for CW reception an active RC audio filter is built 
around the triode section of the ECL83 (V6A). A tunable 
rejection-type Q-multiplier (V9) and a 100 kc/s crystal 
calibrator (V 10) are also provided. 

To render the receiver virtually immune to man-made 
impulse noise, a special noise silencer has been developed. 
The silencer takes wideband noise (and signals) from the 
mixer anode circuit and amplifies them in two high-gain 
wideband amplifiers (V7, VS). The output is envelope 
detected by 05 (OA47) and as the noise pulses will invariably 
be greater in amplitude than the instantaneous value of all 
the signals in the band, the detector output is passed to the 
noise pulse shaper TRI (2N 3702 or similar) . The square 
silencing pulses are now applied to the special FET noise 
gate TR3 (2N38.19 or 2N3823), which shorts the main 
receiver signal path for the duration of each noise pulse. 
Tbe gate/drain capacitance of the FET, about 3 pF, causes 
small transient pulses to appear on the noise gate output 
each time it is switched. These are cancelled out by means 
of the inverted silencing pulses- at the collector of the phase
splitter TR2 (2N3702)-which are coupled to the gate output 
through a 7 pF trimmer VC2. 

By using a single-conversion design, frequency stability 
cannot be achieved in the same way as in double-conversion 
receivers with a tunable first i.f. and a crystal-controlled 
first oscillator. The single mixer requires oscillator injection 
over the range 3·42 to 31 ·62 Mc/s, and this can be achieved 
in any of four ways, of varying stability, complexity, 
expense and freedom from spurious responses. 

(a) A simple band-switched LC oscillator can be used, 
tuned by a variable capacitor ganged to the front-end tuned 
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Fis . 10.118. Block diacnrn of the GJP'DM receiver. 

circuils, as in many conventional single-conversion receivers. 
This method is the easiest, but lacks stability, particularly on 
the Id. amateur bands. 

(b) The crystal-mixer v.f.o. technique has the inherent 
stability of a double-conversion receiver, but the likelihood of 
strong spurious responses and heterodyncs due to high order 
products from the oscillator mixer reaching the receiver 
mixer. 

(c) Phase-locked frequency synthesis has 1he stability of 
method (ii), and the advantage of method (i) that only one 
oscillator is intimately connected to the receiver mixer. 

(d) Full frequency synthesis has the highest stability of 
all, being based on a v.f.o. phase-locked to a multiple of an 
extremely stable low-frequency reference oscillator. At the 
present time this method is prohibitively expensive. 

The receiver uses a phase-locked frequency synthesiser. 
The bandswitched LC oscillator V IOJ (E88CC) is pbase
lockcd to the stable reference v.f.o. VI04 (ECF80), using a 
band-switched crystal oscillator VI02 (ECH81 triode 
section) to bring the frequency of the LC oscillator down to 
that of the v.f.o. The wideband synthesiser i. f. amplifier 
VJ03 (EF91) is tuned to cover the v.f.o. range of 5-8~·38 
Mc/s. The synthesiser mixer VI02A (ECH81 beptode 
section) provides signals in this range, which was chosen for 
freed om from spurious responses. The v.f.o. uses the 
Vackar ci rcui t, and includes a cathode follower for isolation 
purposes and a low-pass filter to attenuate harmonics. 
The v.f.o. and synthesiser i.f. outputs are applied to the 
phase detector 0105, DI06 (OA79), whose output in the 
steady state is a d.c. voltage proportional to the phase 
difference between the two input signals. The d.c. amplifier 
TRlOl (2N3704) brio~ the detector output to a suitable 

level for applying to the varactor diodes ; 0101 -4 (BAI 11 
in the local oscillator tank circuit. When phase-lock is lost, 
as when changing bands, a unijunction saw-tooth oscillator 
TR102 ( rJS43, 2N2J60 or similar) sweeps the LC oscillator 
across its full tuning range until phase-lock is achieved. 

The main receiver h.t. line is only + 130 volts, so that 
beating is minimised. This voltage is oblaincd from a bridge 
recti fier and a rewound transformer. A regulated + I08 volts 
line is obtained from VU (OB2), and a regulated 
+ 24 volts line from two 12 volts Zener diodes. A voltage 
doubler from the 6·3 volts a.c. heater line provides - JS volts 
for bias and for the noise silencer circuits. 

Front panel controls on the receiver arc IF GAIN, AF 
GAIN, BAND, PRESELECTOR, MAIN TUNING, 
NOISE SILENCER THRESHOLD, MODE (CAL, LSB, 
LSB CW, USB CW, USB, RTTY), and NOTCH FRE
QUENCY. The PRESELECTOR control tunes the 
capacitively-coupled tuned circuits in the mixed grid circuit. 
The coils will tune the amateur bands with a tuning capacit
ance of 6/20 pF, but a JOO pF variable capacitor is used so 
that the receiver can be used to cover most frequencies 
outside the amateur bands without additional coils. 

The MODE switch selects the appropriate carrier insertion 
crystal, except in the RTIY position where the oscillator 
frequency is determined by a tuned circuit, and provision is 
made for automatic frequency control by means of the 
varactor diode 02 (BAlll). A varactor diode (04) also 
tunes the Q-multiplier. Automatic v.f.o. frequency correc
tion is provided when switching sidebands, by a JO pF 
trinuner which is switched into the circuit by forward
biasing diode 0108. 

The front-end coils (LI and L2 series), are made by 
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Electroniques, the aerial coils being designed for a 75 ohm 
input impedance. A l ·62 Mc/s i.f. trap may be added in 
the aerial lead to increase i.f. rejection to over lOOdB. The 
7360 mixer (VT) operates with fixed bias of about - 2 volts, 
adjustable for best cross-modulation performance by means 
of VRl The balanced anode circuit of the 7360 consists 
of a special iJ. transformer with centre-lapped capacitance 
and inductance in its primary circuit.. The inductive centre
t.ap is not earthed, as accurate balance is achieved by means 
of VCI. 

The deflection electrodes of the 7360 require a balanced 
oscillator injection of 7·5 volt.s r.m.s. (20 volts peak-to-peak). 
This is obtained by means of the cross-coupled Hartley 
oscillator VIOi (E.88CC); six oscillator coils are provided 
(one for each of the amateur bands). 

The noise gate output feeds an i.f. transformer which has a 
capacitively centre-tapped secondary suitable for driving 
the first half-lattice crystal filter (XI, X2). Each crystal 
filter is loaded by a resistor, rather than the more usual tuned 
circuit. The third i.f. amplifier (V4) has a conventional 
S-meter bridge circuit attached lo its cathode, the reference 
voltage for this being obtained from the cathode of the 
output valve V6B. VR2 is used to set the meter zero with 
the a.g.c. line earthed. 

The 7360 product detector (VS) is of the self-excited type, 
using the Colpitts configuration. Diode DJ (OA79) prevents 
the control grid from going positive and causing excessive 
distortion. In the RTTY mode, the tuned circuit L4, Cl is 
used: this must have a low L/C ratio. The varactor diode D2 
has a f1Xed bias of -5 volts across it in the reverse direction, 
so that this a.f.c. input can vary from 0 to + 25 volts with 
respect to chassis. 

TO CHASSIS 

Fir. 10.120. Method used to adapt tho local 01cillator coils (Elec
tronique1 OS 1eria1) for use in a P\nh•pull oscillator, usin1 the 

fitted trimmer fo r fin:al balance adju1tment. 

The active audio filter for CW reception is based on a 
three-sect ion phase-shift oscillator incorporating V6A. VR3 
sets the loop gain to just below the oscillating level. The 
bandwidth of the filter is about 200 c/s at 6dB, centred on 
I kc/s. 

Audio-derived a.g.c. is used, with the detector D3 (OA202) 
coupled to the product detector output. The JOO kilohm 
resistor Rl slows down the a.g.c. rise-time slightly so that 
it does not respond to short noise pulses. The decay time 
of the a.g.c. line is about I second. VR4 controls the i.f. 
gain of the receiver. 

£n the synthesiser, the push-pull oscillator VJOJ feeds the 
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control grid of the synthesiser mixer (Vl02A), and a Miller 
oscillator VJ02B is coupled to its suppressor grid by means 
of CI 04. The bandswitch selects lhe appropriate crystal (see 
Table 10.25), the correct tuning capacitance and trimmer to 
resonate L102, and the appropriate local oscillator coil 
(LIO!) and capacitors (ClOI, CJ02). A 20 pF trimmer 
(VC!OJ) is included with each oscillator coil to adjust for 
correct balance(see Fig.10.120). The synthesiser i.f. amplifier 
VJ03 uses a conventional circuit with wideband couplers 
TJOJ and Tl02. These are Electroniqucs units designed to. 
tune 5·0-5·5 Mc/s, so each 30 pF tu ning capacitor is changed 
to 22 pF so that the range 5·88-6·38 Mc/sis covered, except 
in the secondary of TI02, which is untuned. Ideally the 
phase-detector components (RIO!, 2, 3, 4, CIOS, 6, and 
D 105, 6) should be matched to five per cent or better. The 
output of the d.c. amplifier TRIO! varies between about 
5 and 17 volts during normal operation. Diode DJ07 
prevents the varactor control line falling below a level of 
2 volts. C I07 determines the sweep oscillator speed. 

Construction 
The receiver is built on a 16 s.w.g. aluminium chassis 

14! in. wide by 10 in. by 2! in. deep, with a 6! in. high front 
panel. Ext-::nsive screening is used under the chassis: all 
oscillators are completely enclosed, and the front end tuned 
circuits are screened from each o tl1cr. The reference v.f.o. 
is mounted in a home-made box which derives its rigidity 
from a 2 in. x 3 in. dural channel tin. thick and 3t in. long. 
A diccast box would also be su itable. Adjustable tempera
ture compensation for the v.f.o. is achieved with an Oxley 
"Tempalrimmer," and the v.f.o. box is fixed to the main 
Eddystone 898 tuning mechanism rather than to the chassis, 
so that the v.f.o. frequency does not vary with chassis flexure. 

Point-to-point wiring is used whenever possible, in order 
to keep leads short. High quality coaxial leads are used 
between the aerial socket and the front-end switch, between 
the local oscillator VlOl and the synthesiser mixer V102A, 
and between the v.f.o. output socket and the phase detector. 
Microphone cable is used for the leads to the a.f. gain 
control. 

New crystals are used throughout, although some saving 
would be possible using surplus crystals, if suitable types 
become available. Those crystals in the Miller oscillator 
which operate above 20 Mc/s were specially made for over
tone operation: surplus crystals would necessitate using a 
more complex circuit (such as the Squier), or using the 
Miller oscillator in the harmonic mode. 

Great caution should be exercised when substituting 
components for those specified. In particular, the BAJ 11 
varactor diodes should not be replaced with rectifier diodes. 
All the coils and i.f. transformers arc available from Elec
troniques, and their part numbers are quoted in the Tables. 
The same firm can supply switches, trimmers, varactor 
diodes and fi lter crystals (sec Table 10.26). 

Alignme nt 
Correct alignment of this receiver can only be achieved 

with a selection of test equipment. Particularly useful are 
an oscilloscope with a 7 Mc/s bandwidth, a general coverage 
r.f. signal generator and receiver, a wobbulator sweeping a 
few kHz either side of l ·62 Mc/s, and a fast pulse generator. 
The wobbulator is easily bread-boarded, and the other items 
arc available in most electronics laboratories. Brief align
ment details are as follows. 
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SINGLE SIDEBAND TRANSMISSION 
TABLE 10.25. 

De~ils or components and oper·ating: frequencies for various s-tagesof the frequency synthesizer and receiver mixer (V I). Coi l refe r-ences are 
Elect.ronique.s part number.. 

Signal Local Crystal 
Band Frequencios Oscill:itor f ·requency 
(m.) (Mc/•) Ranae {Mc(1) (Mc/s) 

160 1·8-2·0 Ml-3'62 9·5 
110 J-S-3·8 5·12-5·42 11-S 
40 7·0-7-5 8·62-9·12 15·0 
20 H-0-1H 15·62-16·12 22·0 
15 21 ·0-21-S 22·62-23·12 29·0 

( 28·0-28·5 29·62-30·12 36·0 1 
10 t 28·5-29·0 30·12-30·62 36·5 

29·0-29'5 30·62-31'12 37·0 J 29·5-30·0 31'12-31-62 37·5 

Switch on the receiver and check the various power supply 
rail voltages. Plug in the ECL83 a.f. valve (V6) and check 
for correct operation with and without the audio filter. As 
it is advisable to buy the c.i.o. crystals only when the crystal 
filter response has been accurately plotted, the i.f. amplifiers 
and filters should be aligned and tested with the MODE 
switch in the RTTY position (after L4 has been set). 

Using a general coverage receiver or wideband oscilloscope 
peak up the crystal oscillator trinuners and check V102B for 
overtone operation on those bands where it is expected. 
Remove the reference oscillator valve V104, plug in V103, 
and monitor the output ofTI 02 on an osci lloscope. Switch 
on the 20-metre band, a nd adjust the appropriate push-pull 
oscillator coil until the synthesiser mixer output is sweeping 
through the passband of the wideband couplers. The 
sweeping local oscillator is now wobbulating the synthesiser 
i.f. strip automatically: adjust the cores TIO! and Tl02 for a 
square response, and use a signal generator to check that 
the passband includes the v.f.o. range 5·88-6·38 Mc/s. Plug 
in the master v.f.o. VI04 and adjust LI04 and VC104 for the 
required tuning range, using an accurately calibrated 
receiver or a frequency counter. The push-pull oscillator 
VJ 01 should now be phase locked to the v.f.o., and as the 
v.f.o. frequency is varied, the local oscillator should follow. 

On the remaining amateur bands it should only be 
necessary to adjust the appropriate local oscillator coil so 
that the sweep frequency range includes the injection 
frequencies for the band in question, in order to achieve 
phase-lock. Connect a high resistance voltmeter between 
the cathode of DI07 and earth to check that the varactor 
control voltage is between 5 volts and 17 volts on all amateur 
frequencies. Once this is done, it remains to align the front
encl circuits, and to adjust the Q-multiplier and crystal 
calibrator. 

The wideband noise amplifier is best aligned by connecting 
a fast pulse generator to the aerial socket, feeding in 1 µ.s 
pulses with a repetition frequency of about 100 c/s, and 
adjusting the wideband couplers so that the output pulse 
resembles the input pulse. It is important that the output 
pulse should have the fastest possible rise-time and a Bat 
top, even at the expense of the pulse being appreciably 
lengthened. The noise pulse shaper and gate require no 
adiustment except to set VC2 so tbat the gate output is free 
of transients when the gate is pulsed. 

CIOI 
LI u LIOI CIOl CIOJ VC10l 

(pF) {pF) (p f ) 

LZ 1·8 BP 1·8 OS 1·8(16 47 100 '40 
LZH BP 3-5 OS 3-5/16 0 68 '40 
LZ 7 BP 7 OS 7/ 16 68 22 '40 
LZ H BPH OSH/ 16 68 0 20 
LZ 21 BP 21 OS 21/16 33 0 20 

{ 0 20 
0 20 LZ 28 BP 28 OS 28/16 0 0 20 
0 20 

Simplified Vers ions of the Receiver 
One of the design considerations for this receiver was that 

it should be possible to break it down into several units, 
some of which could be simplified or omitted completely. 

TABLE 10.26 
Sp&c.ial componenu in the rec,eiver. Coll and transformer reie.rences 

a re Electronique1 part numbers. 

LI, 2 
L4 

LS 
LJOI 
Ll02 
LI04 

see Table 10.25. 
1-6 Mc/s i.f. trap (RLZ 16) used as b.f.o. 

coil. 
Q-multiplier coil (QL2). 
see Table 10.25. 
BP 21. 
High grade v.f.o. coil (T05/C with all 

capacitors removed). 
VCJ03 Oxley "Tempatrimmer" (optional). 
D2, 4 BAI I 1 variable capacity diodes. 
101,2,3, 4 
D I05, 6 Matched pair OA79. 
T l 1·6 Mc/s i.f. transformer (S3D- 6-1620 

T2, 3,4 
TS 
T6 
T7, 8 

T IOl , 2 

Xl, 3, 5 
X2, 4, 6 
X7, 8 

X9 
XIOI-9 

with modified primary capacitance). 
S3D- 3- 1620. 
SJD-6-1620. 
50:1 output transformer. 
1 ·6 Mc/s wideband couplers (WBC l ·8 

unmodified). 
5·88-Q·38 Mc/s wideband couplers (WBC 

5 with 30 pf/ capacitors replaced by 
22 pF, except secondary ofT I02, which 
is untuncd). 

1618-4 kc/s filler crysta ls. 
1620·2 kc/s filter crystals. 
Carrier insertion crystals (selected after 

plotting filter response). 
JOO kc/s. 
see Table 10.25. 
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Fis . 10.llt. Block dia1r:am showing the genieral form of a simplified veraion of the G3POM receiver. 

Most of the stages contributing to the performance of the 
receiver arc included in the six main signal-handling stages, 
VJ to V6. The noise silencer, consisting of V7, V8, TRI, 2, 
and 3, could be omitted, as could the Q-multiplier V9. The 
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entire synthesiser could be replaced by a less stable band 
switched osci llator, based on the circuitry around VJOI, or 
on an unbalanced oscillator circuit. One possiblt: simplified 
design is the seven-valve receiver outlined in Fig. 10.121. 

Fia. 10.122. Front panel layout o I G3POM 

receivtr. 
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Fis. 10. llJ. Top e:ha..11is component layout 
of GlPDM receiver. 
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CHAPTER 11 

RTTY 

THE use of teleprinters over radio bearer circuits, known 
as RTTY, depends on much more than a teleprinter in 

good working order. Not only is frequency-shift keying 
almost mandatory, but a good understanding of the tele
printer synchronizing system in relation to the Murray code 
signals, and what the ionosphere can do to them, is essential. 
In this chapter a number of terms which are peculiar to 
telegraphy, rather than radio, will be used, and these are 
explained in the text. 

ASPECTS OF SIGNALLING 

Mark and Space 

Most amateurs know that a "space" condition results in 
Morse code when the key is up, and when the key is 
pressed down .• a "mark" condition results. In normal c.w. 
transmission of Morse, a space is simply carrier switched off, 
and a mark is carrier switched on. This is known as on-off 
keying. The terms become more obscure when applied to 
frequency-shift keying, for the transmitter radiates full 
power in both mark and space conditions. In this case the 
difference between mark and space is represented by a small 
change in carrier frequency. Frequency-shift keying is 
analogous to double-current keying over lines. 

Single and Double-current Signalling 

Machines employing the Murray code vary in the signal
ling voltages and currents they use. A teleprinter will 
normally transmit the same line condit ions as it needs to 
receive. The British standard uses 80 volts negative at 20 mA 
for a mark and 80 volts positive a t 20 mA for a space against 
earth as the reference voltage. The transmitting contact is a 
single-pole changeover switch, one fixed contact being con
nected to negative 80 volts and the other to positive 80 volts. 
The transmit line is connected to the moving contact, known 
as the" tongue." Some protective arrangement is necessary 
to prevent the contacts from burning in the event that they 
" bunch " through maladjustment. The best arrangement 
is to insert a lamp having a deliberately poor resistance/ 
temperature characteristic in series with each 80 volt feed. 
The lamps do not glow under normal 20 mA loading, but if 
the contacts bunch the excessive current passed causes the 
lamps to glow and thei r resistance increases greatly, thus 
limiting the current to a safe value, and incidentally, warning 
the operator. 

As is to be expected, the European C-0ntincntal standard is 
different, but this only affects teleprinters connected by a 
direct line. Fortunately the signalling speed is the same, 50 
bauds, so that the systems are compatible on RTTY, 
although the mark and space polarities may be reversed. The 
ute of current to represent both mark and soacc is known as 

double-current signalling in the United Kingdom and as 
polar signalling on the American continent. 

American Teletype machines use single-current signalling, 
called neutral signalling in North America. This is simply 
on-off keying. At mark, the Teletype machine sends J 10 volts 
negative at 60 mA to line, and at space it sends nothing. The 
signalling speed is based on 60 words per minute, which 
results in an odd speed iu bauds. Generally stated as 45 
bauds, although fractionally greater, the speed of Teletype 
machines is not compatible with Dritish and Continental 
machines, and they cannot work directly to each other. 
Amateurs arc mainly concerned with surplus machines, so 
that British and Continental amateurs think in terms of 50 
bauds machines, whilst American amateurs use 45 baucls 
machines. 

The Baud 

The baud is the shortest single signal unit in a signalling 
code. It is rather more precise than the term " bit" used by 
computer engineers, since it assumes a square shaped signal, 
which may be either a mark or space, at a definite repetition 
speed. It is thus used to specify signalling speed, and the 
Creed 7B teleprinter works at 50 bauds, which means that 50 
signal units arc transmitted e,·ery second. If telegraph 
signals were sent as" reversals," i.e. mark-space-mark-space 
alternately, one could define S()ecd in terms of frequency, 
one mark followed by one space representing one complete 
cycle of a square waveform. The Murray code, however, has 
no gaps between the signal uni ts, and the mark-space 

The CrH d Mod•I 7 Pas• Teleprinter. 
(Courtuy of Cre~d & Co led. 
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ElEHENTS 

MARK 
START 3 STOP 

I I 
I I I I 

__ _J __ ---!--+- I REFEl\ENCE -- -4,. 
- VOLTAGE I I 

I I I I 
SPACE I I 

20mS IOOmS 30mS 

Fi1. I I. I. Letter A, typical chara.cte,. con1truction. 

sequence depends on the character transmiltcd. Letter A, 
for example, consists of ffllo marks followed by three spaces 
in sequence, so that the waveform is not symmetrical, and 
cannot be described in terms of frequency without giving a 
totally incorrect impression of signalling speed, see Fig. 11.1. 
Nevertheless, it is true to say that the hjghest signalling 
speed that may arise in any given code is the reversals 
frequency, whlch is 25 c/s in the case of 50 bauds, and design 
of circuit constants must take this frequency into account. 

Speed stated in bauds is precise, and the length of the 
baud as a fraction of a second is implicit. Speed stated in 
words per minute is approximate only, since an average 
length word must be assumed. 

In Morse code the number of bauds in a character varies 
greatly. The Morse baud is one dot. Letter E is thus 
equivalent to four bauds, the dot and the space of three dots' 
duration following before the next character commences. 
Figure 0 is 22 bauds, consisting of five dashes each worth 
three bauds, four spaces each worth one baud between the 
dashes, and the space of three bauds' duration following the 
character. 

Murray code, used with teleprinters, always has five 

TABLE II .I 

T he Murray Code. 
Upper ca..ae charact:ers may vary. 

Upper Lower Elements 
c ••• c ... I 2 3 4 s -----. A M M s s s 

I 8 M s s M M 
c s M M M s 

ABt 0 M s s M s 
) E M s s s s 
% F M s M M s 
r G s M s M M 

H s s M s M 
8 I s M M s s 

Bell J M M s M s 
( K M M M M s 
) L s M s s M 

M s s M M M 

9 
N s s M M s 
0 s s s M M 

0 p s M M s M 
I Q M M M s M 
4 R s M s M s 
I s M s M s s 
5 T s s s s M 
7 u M M M s s - v s M M M H 
2 w M M s s M 
I x M s M M M 
6 y M s M s M 
+ z M s s s M 

Carriage Return s s s M s 
Lin• Feed s M s s s 
Word Space s s M s s 
Letter Shilt M M M M M 

~~us~~ti'• M M s M M 
s s s s s 

t AB dt notu th• k• y whith tri11•n an a.nswer .. back mecha.nlsm which can 
b• nued to tht dinant machine . 
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character bauds plus one start baud and one and a half stop 
bauds, the latter being used for machine synchronizing. All 
characters thus take the same time to transmit-an obvious 
requirement for any form of type printing telegraph machine. 

Murray Code 

This is the five-unit code internationally adopted for tele· 
printing machinery. The complete code is shown in Table 
11.1, and it will be noted that there are 32 possible combina
tions, of which 31 are used. The exception is the character 
comprising all spaces. A teleprinter receiving a continuous 
space condition is receiving a permanent start signal, and 
will have its mechanism permanently rotating without 
printing any character. This condition is known as" spacing· 
in," and is commonly the first intimation that the telegraph 
line has become faulty. 

The marks and spaces which convey intelligence are known 
as •· elements," and are numbered I 10 5 in sequence. When 
transmitted, the elements are also bauds, but the term 
element implicitly describes one of the bauds making up the 
character, and not the start and stop signals, which are for 
synchronism and do not contain message intelligence. 

The start signal is transmitted at the commencement of 
each character, and consists of a single space baud. This is 
followed by five bauds, spaces or marks, depending on the 
character formation, and finally a stop signal of one and a 
half bauds mark minimum duration is transmitted. When 
sending by keyboard the actual length of the stop signal will 
depend on bow long the operator takes between pressing one 
key and the next. There is a locking bar on the keyboard 
which prevents the operator from pressing another key 
before the previous character has been fully transmitted and 
this ensures that the length of the stop signal is al Jeasi one 
and a half bauds. 

At a speed of 50 bauds the length of one baud is 20 miUi· 
seconds, so that each character takes 150 milliseconds to 
transmit. This is approximately equal to 66 words per 
minute. 

The Receive Magnet 

The receiving line of a teleprinter circuit is connected 
through a current liroj1ing resistor to an electro-magnet, 
whose armature movement ini tiates the mechanical functions 
of the teleprinter. Obviously, since all elements arc trans· 
mittcd sequentially with no pauses between them, the 
magnet must operate and release very quickly and follow the 
marks and spaces faithfully. There must be a finite time 
during which the armature is in motion. The machine is 
interested in only two conditions-mark and space which is 
armature fully operated or fully released. The time lakcn for 
the armature to travel from one condition to the other is 
known as the "transit time." If this time is an appreciable 
portion of the baud length, it will reduce the time available 
for the selecting mechanism of the teleprinter to determine 
the polarity of each baud. This becomes very serious when 
working over a radio path, because considerable distortion 
of baud lengths can be fortuitously introduced by ionospheric 
phenomena, such as multiple path propagation. Moreover 
the time taken for the armature to move from mark to spac~ 
must be the same as that taken to move from space to mark, 
or a mechanical bias of the mechanism will result. 

A machine using single-<:urrent signalling has an electro-



magnet whose armature 1s returned to space by a spring. 
When the magnet is energized, the magnetic force acting on the 
armature has a square law characteristic. The nearer the 
armature gets to the pole face, the greater the magnetic force 
acting upon it. Thus, to travel from space to mark, the 
armature can be in continuous acceleration . When the 
current in the magnet coil is removed, the spring, which has 
a linear characteristic, is left to return the armature to space 
position. Its acceleration is therefore quite different. How
ever, during armature operation by energizing the coil, the 
spring is acting against the magnetic force, and a fairly 
delicate balance of spring tension against magnet coil 
ampere/turns can be found which makes operate and release 
transit times eaual, at the expense of reduction of magnet 
sensitivity. It should be noted that the single-current 
Teletype machine requires 60 mA magnet current against the 
20 mA used for Creed double-current teleprinters. 

The double-current operated machine employs a polarized 
electro-magnet which is exactly balanced mechanically. As 
in the case of the simple headphone, polarization much 
increases the sensitivity of the magnet. It operates under 
exactly the same force conditions in both directions, since 
the armature is driven by magnetic force from 3pace to mark 
and from mark to space. Consequently it does not introduce 
any inherent mechanical bias, and the transit time is kept 
very short by the high sensitivity of the magnet. 

Start-Stop Synch roniz ing 

When a teleprinter is switched on, but the keyboard is at 
rest, it transmits a steady mark. 1f it is connected to a distant 
teleprinter receiving magnet, that magnet remains operated 
to mark and nothing happens. Both motors are turning, 
ideally at exactly the same speed, but the teleprinter mech
anisms a re idle because of a clutch device which isolates them 
from their motors. When an operator presses a character 
key he engages the sending mechanism, and a start signal of 
one space baud is transmitted, followed by the five elements 
of the character and a stop signal. The start signal switches 
the distant teleprinter magnet to space and the clutch 
engages, causing the receiving mechanism to rotate. A 
mechanical selecting device then samples the position of the 
receive magnet armature at fixed intervals of time following 
the engagement of the clutch (Fig. 11.2). After one rotation 
the clutch again latches during the period of the stop signal. 
Since the position of the armature depends on the character 
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transmitted, the selecting device is able to put the make-up 
of the character into a mechanical store until the transmission 
of the character is completed. It is then printed during tJ1e 
reception of the next character. 

The intervals at which the selecting device looks at the 
armature position are determined by the speed of rotation o r 
the mechanism. The first " look " is timed to take place 
about the middle of the first character element. Thereafter 
the " looks " are spaced at 20 millisecond intervals if the 
motor speed is absolutely accurate. Obviously, if either the 
transmit or receive teleprinter motor speed is inaccurate, the 
" looks " will be displaced from the middle of the elements, 
and this is cumulative. If the receive teleprinter motor were 
running I 0 per cent slow, the middle of the selecting " look " 
normally timed to take place 30 milliseconds from the com
mencement of the start signal, would be delayed by three 
milliseconds. At the 110 millisecond point from the com
mencement of the start signal, properly coincident with the 
middle of the fifth element, the middle of the selecting 
" look " would be displaced by 1 1 milliseconds. Since the 
element length is only 20 milliseconds and the " look " 
takes a finite time (about 7 milliseconds in old type tele
printers), the need for accurate synchronism is important. 
In practice one teleprinter motor may be running slightly 
fast, and the other running slightly slow. The speed differ
ences add, so that the maximum speed error that could 
possibly be allowed, assuming no distortion of baud length 
arising from any other source, would be equal to half the 
displacement of the fifth clement selection to the start or 
finish of the fifth element baud. The baud length is 20 
mill iseconds, and the selection time is 7 milliseconds 
disposed equally about the baud at its JO millisecond point. 
This leaves 6-5 milliseconds of the baud either side of the 
selection period. Only half this displacement can be allowed, 
and this works out to about 2·7 per cent devia tion of motor 
speed. However, although two teleprinters, one having its 
motor running 2·7 per cent fast and the other 2·7 per cent 
slow, connected by a piece of wire introducing no signal 
distortion, would theoretically print correctly, in practice 
there arc so many sources of possible baud length distort ion 
or mechanical bias that a much more realistic figure for 
motor speed accuracy is plus or minus one per cent. The 
motor governor can achieve this accuracy. 

A speed fault can be diagnosed fairly easily by analysis 
of the page-printed copy at the receiving end and reference to 
the Murray code. It will be noted that, as the teleprinters 
start in synchronism by reason of the start signal, and then 
run slowly out of synchronism because of the difference in 
motor speeds, it is always tbe fifth element that is most likely 
to be incorrectly recorded because of displaced selection. 
If therefore, the text of the message contains a number of 
errors all of which show incorrect sensing of the fifth 
clements, but which show correct sensing of the earlier 
elements, the trouble is almost certainly speed, but the fault 
could be on either the transmit or receive teleprinter. 

O n-Off Keying versus Frequency-Shift Keying 

On-off keying of the radio carrier presents many dis
advantages when applied to machine telegraphy. An 
operator copying c.w. on-off keying has at his disposal the 
best machine of all- his brain! He can pick out his wanted 
signal from often louder interference; he can read down into 
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the noise; he can recognize a Morse character even though 
the sending is poor and erratic. 

A machine is much more limited. ll must be set to operate 
from a signal threshold and disca rd all below that threshold 
as noise or interference. Automatic gain control can only 
give very limited help, and an on-off signal that is quite 
strong may be wrecked by a much weaker interfering signal 
if the threshold is set too low. Since radio signals commonly 
fade up to 40db, a voltage ratio of JOO : I, the setting of the 
threshold control is, a t best, a dubious compromise. One 
must chance losing the signal when it fades in order to block 
off the weak interference and noise when the signal is strong. 
One mutilated baud in the Murray code makes the tele
printer print the wrong character and seven and a half bauds 
arc lost. If the baud lost happens to be a start pulse, the 
following character may be displaced and lost. 

l.t may take several characters before the teleprinters 
again come into synchronism. Suppose for example, letter 
A is transmitted. The teleprinter will send a start signal, two 
murks and three spaces in sequence, and then one and a half 
baucls stop signal. lf, due to a sudden burst of interference, 
the start signal were not received, the receivi.ng teleprinter 
would remain at rest until the lirs t space, element 3, was 
received. This it would interpret as the start signal, and its 
mechanism would s till be revolving on that character when, 
in fact , the next character was coming over the air. This is 
why the s top signal has an ocld half baud in its length. 1f the 
complete character with its synchronizing signals were an 
exact number of bauds in dura tion, one dropped start signal 
could throw the teleprinters out of synchronism until such 
time as there was a pause in transmission. Even as it stands, 
one dropped start signal can throw the teleprinters out of 
synchronism for several characters, depending on thei r 
make-up, and this is the great weakness of the start-stop 
system. 

Until the advent of frequency-shift keying it was generally 
recognized that start-stop Murray code signalling was not 
pract icable over radio link circuits. Frequency-shift keying 
did nothing to remove the inherent weaknesses of the system, 
but il did provide a much more reliable radio link system, so 
that it became possible to use start-stop signalling on point
to-point commercial circuits and keep them traffic-worthy. 
Commercial operators regard the use of start-stop signalling 
as merely a stop-gap whilst more sophisticated systems are 
coming into use. 

One big advantage o f frequency-shift keying is that it 
always has a carrier present, mark or space, and provided the 
wanted signal is s light ly stronger than an interfering signal, 
it will be correct ly recorded. There is no touchy threshold 
control; the signal limiting stage preceding the discriminator 
fixes that, and noise cancels out in the discriminator circuit. 

Two difficulties arise. First, use of automatic gain control 
is very limited and its time constant must be very short. 
This is because the mark and space frequencies, separated by 
less than one kiloc)·cle, fade independently, and a strong 
mark which backs the receiver sensit ivity right off on a.g.c. 
may be immediately followed by a weak space which would 
be lost if the receiver remained backed off by a.g.c. with a 
long time constant. ln any case, unless the a.g.c. can 
actually follow the signals, it can give rise to some un
pleasant telegraph distortion effec ts. The effective range of 
the a.g.c. is therefore tied to the dynamic range or margin 
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of signal over which the limiter wilJ operate effectively. 
Secondly, radio signals are usually received on one or two 

~aths simulta1~eously, and since the path lengths vary, the 
signals over different pnths arrive at the receiving aerial at 
slightly different times. As an example, if 20 millisecond 
bauds arc being received by one hop and two hop propaga
tion, and the second hop is arriving three milJiseconds after 
the first, each first hop baud will have three milliseconds of 
the previous second hop baud interfering with its first three 
milliseconds. On the other hand, each second hop baud will 
have three milliseconds of the next first bop baud interfering 
with its last three milliseconds. If the fact that alternate 
bauds may be mark and space bauds is added, and the over
laps tend to cancel out in the discriminator, it will be 
appreciated that six milliseconds of the 20 millisecond 
bauds are of very dubious value. Taken together with an 
otherwise tolerable speed difference between the teleprinter 
motors and some telegraph distortion, the chances of 
character mutilation become considerably greater. This 
effect occurs commonly enough when the radio signal 
appears to be very strong and would be expected to do 
nothing but print perfectly. The sophisticated cure is to use 
an aerial with a vertical reception angle that receives only one 
path. The unsophisticated cure is to reduce transmitter 
power until the weaker oath fades below trouble level! 

1t is multiple path effects thnt set a term to the maximum 
keying speed that can be achieved in radio telegraphy. It 
must be borne in mind that the effect of distortion on the 
telegraph receiving equipment depends on the ratio of the 
time taken to complete the sensing process of the baud 
polarity and the actual length of the baud. Tn this respect 
there is scope for amateur ingenuity. 

Telegr aph Distor tion 

The term " telegraph distortion " means distortion of the 
length of the baud. Each character in the Murray code at 50 
baucls takes 150 milliseconds to transmit, and so it follows 
that if any baud is nrtiliciully lengthened it can only be so at 
the expense of another baud in the character being shortened 
by the same amount. 

There are three classic forms of telegraph distortion, of 
which bias distortion, depicted in Fig. 11.3 (a), is the most im
portant. This gives the effect that all marks are lengthened 
by a fixed amount, and all spaces are shortened by a 
similar amount, or vice versa. If the marks are lengthened 
it is called a marking bias, and lengthened spaces are 
called a spacing bias. It is unforgivable because it 
is an obvious equipment fault; either it arises through 
mechanical adjustment of a transmitting contact or 



relay which is mechanically biased to one side, or because of 
an electronic circuit which is electrically biased to one side. 
The test is to put square wave signals at the correct frequency 
of 25 c/s through the keying circuits and check the output 
with an oscilloscope, adjusting the time base so that mark 
and space bauds interlace and checking that the transitions 
coincide. Relays may be individually checked by switching 
a current through the contacts into a centre-zero millia
meter, energizing the coils with a symmetrical waveforrn of 
correct frequency, and observing that the meter pointer 
vibrates about zero. A bias will cause the pointer to vibrate 
about a position off-set from zero, and the degree of dis
placement from zero is a measure of the degree of bias 
distortion. Fig. 11.4 shows a circuit for such a tester. 

Teleprinter transmit contacts are more difficult to check, 
as they cannot be keyed with a repetitive frequency. One can, 
however, get a good idea by clipping an oscilloscope across 
the line output, pressing down the key for letter Y, and 
pushing up the keyboard pawl abutment, so that the tele
printer sends a continuous letter Y see F ig. I J .2. By running 
the oscilloscope at 150 milliseconds sweep time, the whole 
character is displayed, and one can measure mark and space 
bauds on the graticule to check for any distortion. n is best 
to make a direct connection to the Y-platcs of the oscillo
scope for these tests, as the in-built amplifier may introduce 
distort ion and give a misleading picture. 

The second form of distortion is characteristic distortion, 
and this is much more subtle. A circuit suffering from this 
finds the bias distortion tests the easiest to pass. As its 
name implies, the distortion varies with the character which 
is transmitted. It arises from the asymmetry of the wave
forms involved. A carriage return character, for example, is 
sent as four spaces in sequence (start signal and clements l, 2, 
3) followed by one mark (element 4) and another space 
(element 5). If any part of the circuit has a time constant 
which enables the reference voltage on the grid of a keying 
valve to Ooat up and down, it would charge heavily towards 
the space voltage during the four consecutive spaces, so that 
the single mark which follows would have to overcome that 
charge before it could register its appearance. The leading 
edge of the baud would take on an exponential slope accord
ing to the discharge time constant of the circuit, and after 

ftELAY CC*TACT 

.---H_A_ft_K~ ~~5-PA_C~E----~ 

tHT+ ISOV 

L---------------0 KT-ISOV 

J 
RELAY COIL or Q "'" " """ 

:} ZS c/• S~UARE OR 
SI NE WAVE 

Fir. 11.4. Bia.s tut set for polarized telegraph r elays. RI and Rl 
arc 1clectcd to give full sc.:ale deflection in mark or s pace direction 
wh en t he contact is operated by hand. VR is used to set t he coil 

current. 

17- RC.:ll • • 

RTI'Y 

passing through following squaring stages would appear as a 
short baud Fig. lt.3(b). On the other hand, a letter Y, which 
is mark-space-mark-space-mark, would knock the charge 
alternately as much in one direction as the other, and would 
have a much better chance of getting through the circuit 
undistorted. For this reason a.c. couplings in electronic 
circuitry associated with keying systems are best avoided. 
Amplifiers should be d.c. coupled, both at the transmitting 
encl and following the receiver discriminator. 

An interesting point arises from this in connection with 
the discriminator. If, as is highly desirable, it is to be d.c. 
coupled to its following amplifier, the output marks and 
spaces will need to be in the form of equal positive and 
negative voltage excursions against a reference voltage 
suited to the following stage circuit parameters. If the 
discriminator is tuned exactly midway between the two 
frequencies representing mark and space, the corresponding 
output voltages will be equal and opposite in polarity, 
referred to the reference voltage to which the output circuit 
is returned. If the discriminator is slightly off tune, but 
within the i.f. bandwidth, the mark and space voltages will 
still add up to the same total excursion, but will be dis
placed with respect to the reference voltage. This would 
inhibit the correct operation of the following stage, particu
larly if the mark to space voltage amplitude is only just 
enough to key it fully. In other words, tuning of the receiver 
must be vefY accurate. Commercial operators get over this 
by using CrYStal controlled receivers, or a highly accurate 
automatic frequency control system. T his latter must be 
a motor tuning type, as the reactance modulated type or 
automatic frequency control derives its control voltage from 
the tuning error, and hence can never completely correct 
tuning without losing the control voltage which initiates the 
function. 

Crystal control of the h.f. receiver is unsuitable for the 
amateur, who is not working a fixed point-to-point circuit. 
The automatic frequency control system is probably not an 
economic proposition, and would require resetting evefY 
time the amateur switched over from transmitting to 
receiving during a contact. The best compromise approach 
is to make the discriminator output voltage excursion vefY 
much in excess o f that required by the following stage. 

If the following stage requires a 6 volt excursion to key it 
fully, a discriminator output excursion of plus and minus 
50 volts for mark and space would so exceed the require
ment that the valve would either be biased far beyond cut-off 
or running far beyond grid saturation. In this case, keying 
accurately about the reference voltage is of less importance, 
because the valve can only "sec" a small part of the 
excursion. Since telegraph circuitry has only two con
ditions of interest, mark or space, it is common practice to 
arrange all valves to work in cut-off or saturated condition 
as far as possible, excessive grid current being prevented by 
high value grid series resistors. 

A discriminator working at about 455 kc/s, following a 
standard i.f. strip, is unlikely to produce an output excursion 
of more than eight volts for a frequency shift of 850 c/s. It is 
therefore better to change the i.f. again to something around 
10 to 15 kc/s, and to operate the discriminator at this 
frequency. The shift frequency then becomes a much 
greater proportion of the base frequency and the output 
voltage is correspondingly much higher. 

A drift of only 50 c/s using plus or minus 425 c/s deviation 
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from the nominal frequency represents nearly 12 per cent off 
tune to tbe discriminator. At the same time, if the signal 
frequency is 3·5 Mc/s, the receiver h.f. oscillator only needs 
to drift 0·0014 per cent to cause the 12 per cent displacement 
of the signal from the discriminator mid-point. The same 
applies to the transmitter. When receiving frequency shift 
telegraphy the initiol tuning-in of the receiver therefore needs 
lo be extremely accurate. The frequency stability of both 
transmitter and receiver is most important. 

ft may well be felt that the difficulties arising out of the use 
of d.c. coupling from the discriminator to the following stage 
outweigh the disadvantage of using a.c. coupling, and 
thereby incurring charac1eristic distortion effects. It is 
necessary therefore to point out that the time constant of 
the a.c. couplings must be long enough to allow a mark to 
pass steadily all the time the teleprinter is at rest, whilst the 
transmitting operator is thinking of something else to say. 
Unless some trick circuit is employed, the capacitors in the 
couplings are bound to assume substantial charges during 
such periods. 

The trjrd form of distortion is known as fortuitous 
distortion, and this is something liltle can be done to 
prevent. It is, in fact, any form of distortion that arises in 
the radio propagation path, such as multiple path reception 
already described, interference and static. T he only real way 
to guard against multiple path reception is to design the 
nerial for good vertical directivity, and at 3·5 Mc/s this is 
obviously out of the question for most amateurs. Similarly, 
the best way to guard against interference is to design the 
aerial for good horizontal directivity, and once again this is 
not practicable for 3·5 Mc/s operation by amateurs. It is, 
however, possible to do something to alleviate the effects of 
fortuitous distortion in the receiving equipment the general 
circuit arrangement being similar to that shown in Fig. 11.5. 

Remedial Circu itry 

As has been mentioned, it is the beginning and end of the 
baud which is affected by multiple path reception. Looking 
at the i.f. signals on an oscilloscope the baud transitions 
can be seen preceded and followed by a portion of the bauds 
fading up and down quite irregularly and badly broken. The 
teleprinter itse lf accep ts 1ha1 the start and finish o r the s ignal 
clement may well be unreliable. and the selec ting process is 
timed to take place disposed about the middle of the bauds, 
the duration of the process being considerably shorter than 
the baud length. Obviously, the shorter the selection time 
can be made, the less likely are telegraph distortions of any 
kind, and speed inaccurucies, to interfere with the selection 
process. Telegraph manufacturers are fully aware of this, 
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and modern designs have speeded up the selection process. 
Nevertheless, it is essentially a mechanical operation, and 
cannot hope to compete with 1hc selection times possible in 
electronic gating circuits. The amateur will almost certainly 
be using old type machines obiaincd on the surplus market, 
and is thus saddled with the longer selection time variety. 

Noise and other interference occurs at any time during 
the bauds, and usually takes 1hc form of knocking a hole of 
quite short duration in them. The maximum signalling 
frequency is equivalent to a 25 c/s square wave, and the noise 
pulses of short duration arc equivalent to half cycles of 
considerably higher frequency. If the signals arc passed 
through a low pass filter with suitably adjusted cut-off 
frequency, the short duration noise pulses \vill be unable to 
pass ihrough the filler, but the wanted signals will. ln order 
to retain the approximately square shape of the bauds, a 
proportion of their harmonic content must be passed, so it is 
reasonable to fix the filter cut-off frequency at about three 
times the maximum keying frequency, i.e. 75 c/s. This will 
deal quite happily with short breaks io the bauds occasioned 
by noise, and will smooth the leading and trailing transitions 
of the bauds, broken by multiple path reception effects, into 
curves of satisfactory steepness. It is important that the 
filter be correctly terminated in a resistive load equal to the 
characteristic impedance, as otherwise reactive components 
will be seen by the load, and the baud may become distorted. 

Following the filter a sq1111ring amplifier, with its grid 
running well into saturation and cut-off, is necessary to 
restore the square shape of the bauds. It is essentia I that the 
grid bias point of the valve is fi:<ed in the middle of the signal 
voltage excursion, so that marks and spaces key it equally in 
both clirec1ions. Operation at a bias point displaced from 
the middle of the excursion will resul t in telegraph distor
tion, since the leading and trniling transitions of the bauds 
will h:we been curved by the filter action. 

A regenerative repeater may be used to shorten the selec
tion time. This is an electronic device into which the signals 
arc passed instead of directly into the teleprinter magnet 
coil. The received start signals trigger off a pulse generator 
which sends selecting pulses of about 100 microseconds' 
duration, each at tbe correct 20 milliseconds intervals, to 
gate the clement bauds into a nip flop. These pulses are 
used 10 sample the baud polarities and trigger the flip flop 
accordingly. The flip flop output then provides distortionless 
bauds whose length is determined by the pulse intervals, and 
the output baud polarities fo llow the signal baud polnritics. 
The regenerated signals arc fed through an amplifier to the 
teleprinter magnet, the sclcc1ing time having been cut from 
seven milliseconds to 100 microseconds. The teleprin1cr has 
to re-select the elements in the normal way. but •his is now no 



disadvantage as the bauds arc known to be clistortionless. 
This sounds like a wonderful idea, and docs provide quite an 
improvement in operation, but the weakness lies in the 
assumption that the start signal which initiates the operation 
of the selection pulse generator is always good. lf the start 
signal is displaced, all the selecting pulses will be too. The 
regenerative repeater is thus far from being the complete 
answer. 

The complete answer, in fact, lies wilh doing away with 
st.art and stop signals for synchronizing, and relying on 
lughly stable and accurate frequency sources to control both 
transmitting and receiving speeds. However good the 
synchronizing frequency source at each end of a radio 
telegraphy link, the systems must eventually drift out of 
synchronism, so that an averaging frequency correction 
device is required also, and this is very complex. 

TRANSMITTING FREQUENCY-SHIFT SIGNALS 

Unti l the advent of s.s.b., frequency-shift keying was 
invariably accomplished by reactance modulating au osciUator 
stage in an exciter. The system differed from frequency 
modulated telepho11y systems only in detail , because of the 
specinlizccl application. lo the telephony case a.c. coupling 
into the modulator is normal, and the output frequency of 
the oscillator returns to nominal during periods of no 
modulation. The frequency excursion of the carrier wave is 
referred to as the "deviation," and this term means the 
amount by whicb the carrier departs from nominal frequency 
during modulation of maximum amplitude. If, for example, 
deviation is stated as 75 kc/s it means that the carrier will 
deviate up to plus and mi1111s 75 kc/s from the nominal 
frequency. Although tbe term " deviation " is also used in 
f.s.k. tcrmioology, it is much more common to refer to the 
shift, which is the full excursion of frequency from mark to 
space, and thus twice the deviation. The reason for this is 
simply that the transmitter never radiates the nominal 
frequency because it is always on mark or space frequency. 
fn order to hold the transmitter to mark or space when the 
transmission is not being keyed, it is necessary for the control 
voltage into the reactance modulator to be d.c. coupled, o r 
the oscillator would drift back to the nominal frequency as 
the coupling capacitor charged up. The degree of shift can 
be controlled by a potentiometer at the input in the same 
way as a potentiometer would act as a deviation control 
in an a.c. coupled telephony circuit. 

If the oscillator frequency were changed, the amount of 
shift would also change, and it would be necessary to re
adjust the shift control every time a change in frequency was 
made. To prevent this, the modulated oscillator is used on a 
fixed frcqueocy, usually 200 kc/s, and its output is mixed by 
the heterodyne method with a second oscillator to provide 
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the output frequency. Frequency changes arc accomplished 
by changing the frequency of the second oscillator, and so 
the shift remains constant for all frequencies. When fre
quency multiplication is carried out in later stages of the 
transmitter the shifl will be multiplied by the same factor as 
the carrier frequency. The simple method or compensating 
for this is to have a switched potentiometer made up of 
fixed resistors in the control voltage circuit to the rcactance 
modulator. Since the modulator slope will be linear, it is 
only necessary to set the potentiometer to divide the input 
voltage by the frequency multiplication fact or to keep the 
shift constant for the radiated frequency. Reactance 
modulated type frequency shift exciters will generally have a 
switch which will divide the input voltage by two, three, or 
four, to compensate for doubling, trebling, or quadrupling 
of the exciter output frequency in the transmiucr. Altern
atively the shift control potentiometer, which is continuously 
variable, can be calibrated. 

Since the output frequency of the exciter is the sum or 
difference of the modulated oscillator and second osciUator 
frequencies, it should be noted that sense or the keying will 
be reversed if one changes from the sum frequency to the 
difference frequency, so that marks will become spaces and 
vice versa. It is usual to always select the sum, or upper 
frequency for driving the transmitter. 

T he amount of shift used is not very critical provided tbe 
distant receiver is using a discriminator type detector. 
Reducing shift reduces the output voltage of the discrimin
ator, but allows greater receiver selectivity to be used. lf the 
discriminator slope is approximately linear this could be an 
advantage, but sllift must not be so small that the operation 
of the circuits following the discriminator becomes marginal. 
The smaller the shift, the greater the frequency stability 
required in both transmitter and receiver. If the receiver 
uses an amplitude type discriminator on which the Q has 
been made high to give high output, the slope for small 
values of shift may be very flat due to non-linearity of the 
response, and performance will fall off rapidly with shift 
reduction. Tf the receiver uses two a.f. filters instead of a 
discrin1inator, the shift must be set exactly right for the 
filters. 

At one time commercial operators used 850 c/s shift 
almost universally. Due to pressure on the h.f. frequency 
spectrum there is a marked tendency to reduce shift and use 
narrow bandwidths. With such shift and a keying speed of 
50 bauds, a receiver bandwidth of around l ·2 kc/s is necessary. 

Fig. 11.6 shows a typical arrangement for a frcquency
shift exciter. The balanced mixer should be nrrnngccl so that 
the crystal oscillator frequency cancels at its output, so 
reduci.ag the degree o f selectivity required in the tuned 
amplifier which follows it. Frequency changes of a few 
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kilocycles may be made by varying the frequency of the 200 
kc/s oscillator without affecting the shift to any significant 
degree. Having regard to the high degree of frequency 
stability required in f.s.k. working, this type of exciter is 
particularly good. A frequency stability of 0·05 per cent in 
the 200 kc/s oscillator would only worsen the stability of the 
exciter output at 3·5 Mc/s by 0·003 per cent. 

T he S.s.b. Exciter as a Frequency Shift Exciter 

Amateurs who possess single sideband transmitters can 
simulate f.s.k. very simply. The radiated frequency of an 
A3J emission depends on the modulation frequency referred 
to the suppressed carrier frequency. U two tones, one for 
mark and the other for space, are keyed sequentially into the 
audio input of an s.s.b. exciter, the transmitter output will be 
indistinguishable from an f.s.k. emission. Suppose the 
suppressed carrier frequency is 3500 kc/s, upper sideband is 
used, and the mark and space tones arc 1350 and 500 c/s 
respectively. When the mark tone is keyed the radiated 
frequency will be 3500 + 1 ·350 = 3501 ·35 kc/s. When the 
space tone is keyed the radiated frequency will be 3500 + 
0·5 = 3500·5 kc/s. T he difference between the two radiated 
frequencies is 0·850 kc/s, and the s.s.b. emission is thus 
equivalent to an f.s.k. emission on a nominal centre fre
quency of 3500·925 kc/s with 850 c/s shift. Furthermore, the 
shift will be absolutely constant, irrespective of tbe nominal 
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radiated frequency. If the exciter were to be switched to 
lower sideband working the effect would be to reverse mark 
and space frequencies. 

It is important that the amplitude of both tones should be 
identical, so that the same power is radiated for both mark 
and space. To provide a ready means of adjusting lhe 
levels of the two tones it is best to use separate oscillators for 
each tone, and to feed them via gain controls into amplifiers 
whose output is switched by the teleprinter signals into the 
common s.s.b. modulator. 

Fig. 11.7 shows a typical circuit for the switching arrange
ment. Vl and V2 act as switched amplifiers for the con
tinuously running mark and space oscillators, the output 
levels being adjusted to be equal by VRl and VR2. Switch· 
ing is carried out by biasiJ1g the suppressor grids of the 
pentodes, and valves having a suitable characreristic for this 
must be used. The Mazda 6F33 is specifically designed for 
such service and has a sharp cut-off suppressor grid charac· 
teristic, but there is so much margin in this circuit that many 
small pentode types (such as tho EF9l, 6AM6) can be used. 

Current flows to only one anode at a time, but both 
valves will pass screen current all the time, and the screen 
current of the valve whose anode is cut off will probably be 
higher than that of the one which is working as a normal 
amplifier. Rk and Ct. R.. and C.,, are chosen to give the 
normal voltages to the valve workiJ1g as an amplifier in class 
A The circuit of V3a and V3b simply provides a rwo-wire 
anti-phase output of double-current signals driven from the 
single-wire double.current output of the teleprinter trans
mitting contact. 

When the teleprinter is sending a mark, negative 80 volts 
is applied to the grid of V3a, and cuts off the anode current. 
The anode voltage of V3a is therefore practically the h.t. 
voltage. R 7 and R8 form a potentiometer from V3a anode 
down to h.t. negative 150 volts. The voltage which appears 
at the junction of R7 and RS is therefore potemially 190 
volts positive referred to h.t. negative 150 volts, and is thus 
40 volts positive to earth. This junction is connected via 
current limiting resistors R4 and Rll to the grid of V3b and 
the suppressor grid of V2. Diode CR2 will conduct and 
clamp the voltage applied to V2 suppressor grid to earth 
potential, and V2 will behave as a normal amplifier and 
send mark tone to the s.s.b. modulator input. V3b will 
conduct fully, its anode current for a 100 K load line being 
2 mA. The anode voltage of V3b will thus fall to positive 
50 volts referred to earth, since R2 will drop 200 volts. V3b 
anode is connected via the polcntiomcter formed by RS and 
R6 to h.t. negative 150 volts, so that the voltage at the 
jm1ction of RS and R6 will be 100 volts positive referred to 
h.t. negative 150 volts, which makes it negative 50 volts 
referred to earth. This voltage is applied via the current 
limiting resistor RlO to the suppressor grid of VI, and cuts 
off the anode current of this valve, blocking the space tone 
oscillator output from reaching the s.s.b. modu.lator input. 
Diode CRI does not conduct. 

When the teleprinter sends a space, positive 80 volts is 
applied to the grid of V3a, via the current limiting resistor 
R3. This causes V3a to conduct to 2 mA and drops the anode 
voltage to positive 50 volts referred to earth, which makes 
the voltage at the junction of R7 and RS negative 50 volts 
referred to earth, so cutting off V3b and V2. The anode 
voltage of V3b therefore rises to practically the full b.t. of 



250 volts, and this raises the voltage at the junction of R5 
and R6 10 potentially 40 volts positive to earth. Diode CR I 
conducts and clamps the suppressor grid of VI to earth, 
and V I behaves as a normal amplifier for the space tone, 
which is app lied to the s.s.b. modulator input. 

Whilst the voltages appear pote11tia/ly at the junctions of 
RS and R6, R7 and R8, these voltages wiU be reduced when 
positive to earth by the flow of grid and diode current which 
arises. This does not matter, because it is only necessary lo 
bring the control and suppressor grids to earth potential to 
cause full conduction of the valves, and the current will 
adjust itself through the high resistances in circuit to keep 
the voltages applied to these points fract ionally greater than 
earth potential. From this it will be seen that there is a 
great deal of margin available in the circuit operation. 

Diodes CR I and CR2 may be almost any type of small 
diode with a p.i.v. rating greater than 50 volts. The resistor 
R9 prevents the grid of V3a becoming open-circuited during 
the transit time of the teleprinter contact tongue, and its 
ohmic value is fixed to give a reasonable contact current and 
provide a suitable load resistance to spark suppression 
fi ltering in the teleprinter line output circuit. Although the 
1eleprinter keying voltages have been shown as plus and 
minus 80 volts (the British standard for line telegraphy), 
V3a will obviously key satisfactorily at much lower voltages. 
The limiting voltages are negative seven for mark and earth 
for space. However, if a local record copy of tbe messages 
being lransmitted is required to be printed on 1be teleprinter 
page, the voltages used on the 1ransmitting contac1 will also 
need 10 be compatible with the requirements of the local 
record circuilry. 

A switch to enable the sense of keying to be reversed is 
a useful facility. It would, for example, be necessary in the 
s.s.b. application to f.s.k. if the transmitter used lower 
sideband on 3·5 Mc/s and upper sideband on 14 Mc/s. It 
would be inconvenient to reverse the voltages connected to 
lhe telcprimer contact, because this would prejudice local 
record circuitry. The switch can either be arranged to 
reverse the tone oscillator outputs, or lhe suppressor grid 
connections 10 VI and V2. In f.s.k. it is normal praclice to 
use the higher frequency for mark. 

RECEIVING FREQUENCY-SHIFT SIGNALS 

Commercial f.s.k. receiving equipment generally takes 
the form of units co ntaining the circuitry required between 
an output 1akcn from a normal h. f. communicalions re
ceiver, and the keyed d.c. input required by the telegraph 
machine to be driven. They arc known as f.s.k. converters 
or adap1ers. Some early models take their input direct from 
the i.f. s trip of the h.f. receiver and discriminate at the i.f. 
Others take their input from the audio output of the h.f. 
receiver and use tuned filters to identify and isola1e lhe mark 
and space signals. Modern equipments take the receiver i. f. 
and convert it by heterodyne method to a frequency of 10 to 
15 kc/s, afte r which it is limited and detected by a discrim
ator. 

The design problems encounlered when applying dis
criminators to f.s.k. telegraphy have already been considered 
in the section on Telegraph Distortion on page 11.4. Fig. 
11.8 shows 1he response curve of a good discriminator that 
would be suitable for receiving f.m. telephony. It will be 
seen that the curve reaches maximum amplitude in positive 
or negative sense for a given increase or decrease of input 
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frequency to 1he discriminator, the frequency difference 
(shift) between these points being indicated as df,,...,. Its 
telephony applicat ion, however, is limited to the extremes of 
the linear part of the curve, indicated as d/11.,., on the 
graph, because amplitude distortion must be avoided, and 
design of a discriminator for telephony rccep1ion is con
centrated on ob1aining a good linear response. For f.s.k. 
purposes where only the mark and space frequencies are of 
interest, provided the shifl is known, the requirement is that 
the shape of the curve resulting from increasing frequency 
shall be similar :md opposite in polarity to the shape of the 
curve resulting from decreasing frequency. It is preferable 
that the maximum response arises at the mark and space 
frequencies in use. 

The frequencies of maximum output in a phase type 
discriminator are determined in a complicated manner by 
the relationships of the Q of the primary winding, 1he Q of 
the secondary winding, and the coefficienl of coupling 
between them, for a given base frequency. There is thus a 
practical limitation related to f in the value !hat can be 
given to df,_,. 

The amplitude type of discriminator is rather different. 
In this case the two frequencies of maximum response are set 
by adjusting the two tuned circuits. If a linear response is 
required it is necessary to adjust the Q of the tuned circuits 
to give the correct shape to the individual responses, which 
again sets a practical limitation, but one which is not 
particularly worrying in the case of f.s.k . For good linear 
response the Q of lhe tuned circuits are: 

/, /, 
Q, - d/,,_ and Q, = d/,_ 

If d/m= is very small compared with / 1 and/:. the Q of both 
circuits will be nearly equal, but if dfRIAZ is substantial 
compared with / 1 and/., the Q will differ accordingly. 

From this reasoning it follows that when the input to the 
discriminator uses an audio frequency outpul from the h.f. 
receiver, the Q of the tuned circuits will either have to be 
extremely low if linearity is sought, or the response curve 
will be very peaky about / 1 and/,. Low Q will result in a 
flat response curve a nd low output, and high Q will result 
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in rapid deterioralion of signalling ir the transmitter shift is 
not set accurately. 

T he disadvantages of d iscriminating at the i. f. of the h .f. 
receiver have already been explained. Briefly they are 
that the low output realized in practice makes d.e. coupling 
into the following stage difficult, and the frequency stability 
problem more urgent. 

For f.s.k. purposes, taking into account the practical 
limitations imposed by available components, the optim um 
freq uency about which to carry out the discriminating 
fu nction lies between audio and receiver i.f., and has been 
set in modern practice to be about 10 to 15 kc/s. This range 
of frequencies also permits the use of a driven fl ip flop or 
locked multivibrator as a limiter. 

Many of the f.s. converters ava ilable on the surplus market 
are early types designec.I to receive a 455 kc/s i.f. directly, and 
to discriminate about that frequency. To overco me the diffi
culty of frequency stability they use an a.c. coupling out of 
the discriminator, and to overcome the difficulty of holding 
the teleprinter to mark during idle periods, they use a trick 
circuit known as tbe ·• mark restoring circuit." This is a 
simple time constant device, which charges up slowly and 
triggers a steady mark to the output circuit if no change of 
signal polarity is received over a period of several srconds. 
The effect is that when the transmitting keyboard is idle, the 
coupling capacitor between the discriminator and following 
stage charges up unti l the control voltage passed to the 
following stage is indeterminate. About this time the mark 
restoring circui t triggers and holds the teleprinter to mark . 
On arrival of the first space following ihe idle period, the 
mark restoring circuit is reset and signalling proceeds. 
However, in the meantime the coupifag capacitor has 
become fully charged, and so the first space is mutilated. 
Since this will be a start signal, one can usually reckon that 
several characters will be mutilated. D ue to the asymmetry 
of the signalling waveforms, the state of charge on the 
coupling capacitor will vary with the signall ing, and charac
teristic distortion results. 

Some of these converters use a " locked oscillator " as a 
limiter preceding the discriminator. The theory is that the 
oscillator locks to the receiver i.f., a nd it is the oscillator 
output which is fed in to the discriminator, so that detection 
is entirely free from amplitude response. This is a very 
sound idea, but has its prnctical difficulties. The main one 
arises from the big ampli tude variations of signal that are 
encountered in radio paths, and the di fficulty of designiog a n 
inductance-capacitance type of oscillator which wi ll have a 
dynamic range of locking voltage which may be as high as 
100 : I. To reduce the range required, the locked oscillator 
is usuaUy preceded by a conventional saturation type 
limiting stage, and the combination works quite well. 
Whilst the limiter reduces all signal voltages to a low level, 
the locked oscillator serves as an ampnfier and ensures that 
the signal fed to the discriminator is at reasonably high level. 
The peak-to-peak signal output voltage from the discrimin
a tor is usually of the order of six to eight volis. 

Some commercial f.s. converters embody quite high 
voltage power supplies. One popular model uses an h.t. 
positive supply of 250 volts, and a negative bias supply of 
516 volts, so that there is a potential difference of 766 volts 
in the equipment. Safety precautions against electric shock 
should be observed when putting fingers inside them ! 

The method of using the audio output of the h.f. receiver, 
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by running the b.f.o. so that mark and space frequencies are 
heard as two audio tones, has already been mentioned. 
Circuits have beeo produced where only one fi lter is used 
tuned to one tone, on the basis that if the other tone is not 
coming through, the signalling condition transmitted must 
be that of the other tone, and the output relay should be 
switched accordingly. In effect, this arrangement changes 
the signalling system from f.s.k. to on-off keying, and 
whilst the argument is true enough, the effects of adopring 
this system make nonsense of using f.s.k. for the trans
mission. T he operation is back lo a touchy threshold 
control and weak interference wrecking strong wanted 
signals. I n fact, the system has nothing lo recommend it and 
should be avoided. 

A Simple Frequency-Shift Converter 

Fig. 11.9 shows a circuit for a frequency shi ft conven er 
which embodies the best features of modern design, but 
restricts the circuit to essentials without any frills. To avoid 
the necessity of a chain of d.c. coupled stages to step the 
output voltage excursion down to a reference voltage equal 
to earth potential, the teleprinter magnet is returned to h.t. 
positive 150 volts. Tl1is saves au additional high voltage h.t. 
negative supply, and at least one valve stage. The circuit is 
intended for discrimination about 10 kc/s, and employs a 
flip flop limiter, ampl itude type discriminator, low pass 
filter, squaring amplifier, and electronic double-current 
output relay. The transmit-receive switch can be a relay 
contact or one changeover contact on a multiple contact 
switch which also controls tbe transmitter and receiver. 
The switch enables the teleprinter to print a record of all 
messages transmitted, by d iverting the input connection to 
the squaring amplifier from the filter output to the tongue 
contact of the teleprinte• transmit contact. 

Tl is a matching transformer suitable for the connCCiion 
to the h.f. receiver output, and must be selected to gi\'e 
reasonably level response to mark a nd space freq uencies. It 
is probably convenieot to take the output of the b.f. receiver 
from the normal audio output, but attention must be paid to 
the frequency response of the a udio stages if this is done. 
Consideration should also be given lO the a.g.c. time con
stant and its degree of control in the receiver, as selective 
fading may invalidate the use of a.g.c. 

The heterodyne mixing voltage to provide the signal 
centred on l 0 kc/s can be injected at the receiver detector 
stage, but it is advisable not to use the c. w. b. f. o. for this 
pur pose, as its level of injection is generally set very low. 
The point of injection should, in any case, be chosen so that 
the injection voltage does not block the a.g.c. line. Idea lly, 
a balanced modulator should be used for the mixing process, 
so cancelling the injection voltage and preventing it reaching 
the a.g.c. detector. 

Operation of the flip Bop limite r is quite simple. When 
the polarity of the voltage applied to the grid of V2a is 
positive, that applied to tbc grid of V2b will be negative. as 
they are worked in push-pull. The positive grid of V2a causes 
the valve to conduct, drawing current through R I 0, the anode 
resistor. The voltage at the anode of V2a falls, and this is 
reflected via R9 to V2b grid. Due to the current through R 7 
and V2a, a positive voltage appears at the common cathode 
connection of V2a and V2b. V2b therefore tends to cut off, 
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and its anode voltage rises. The rise is reflected to the grid 
o f V2a via R8, so that V2a conducts more heavily, so 
driving the grid of V2b still more negative with respect to 
cathode. The effect is cumulative, and V2a triggers into 
saturation, whilst V2b cuts off completely. When the signal 
cycle reverses and appears as positive at the grid of V2b, and 
hence negative at the grid of V2a, the valve current con
ditions are reversed. The voltage developed <lcross R7 
remains constant, since one valve will always be fully con
duct ing and the other full y cut off. Provided the signal 
voltage ar its peaks rises abo\'e the threshold vollage neces
sary to commence the triggering action, the voltages appear
ing across RI 0 and R 11 will always be those arising from 
saturarion or cut-off of the valve, and so complete limiting 
action ensues. The output waveform is a square wave of 
constant amplitude al signal frequencies. 

The design of the discriminator is much simplified by the 
use of Mullard Ferroxcube pot cores. Type LA4 is very 
suitable, and a maximum unloaded Q value of 280 at 10 
ke/s can be realised. At JO kc/s the value of inductance that 
wi ll reduce the Q atta inable by five per cent due to self 
capacitance of the winding is I 00 mH, and this va Jue should 
1101 be exceeded. /\ winding of 54 turns gives one milli
hcnry, and as inductance increases as the square of the 

turns, 100 mH requires 54 x \ / JOO turns = 540 turns. A 
suitable wire which will leave room for a small primary 
winding is 32 s.w.g. enamelled copper wire. The sense of the 
primary windings relative to the circuit connections is 
important. 

Tuning of amplitude type discriminators is always 
difficult, since the mutual inductive coupling between the 
two tuned circuits, arising from the linking of the primary 
windings, causes pulling between the tuned circuits. The 
primaries of T2 and T3 are driven from a carhode follower 
push-pull stage to keep the circui t impedance low, and the 
primary windings therefore only need a few rurns each, all 
of them being identical. The tuning of the secondaries is 
done by fixed mica capacitors. Calculated values for 100 mH 
coils arc C11 = 2333 pF and C1• = 2766 pF. 

The method used is to make up two stacks of capacito rs 
totalling slightly less than these values to allow for produc
tion tolerances, and then lo pad them with small mica 
capacitors until the tuned circuits resonate at the correct 
frequencies. After each adjustment, the other circuit should 
be rechecked and corrected until eventually both ci rcuits are 
on tune. The use of close tolerance and high stability 
capacitors is obviously desirable. 

When adjust ing the discriminator. the tcsl oscillator used 
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must have good selling accuracy on tbc frequencies used, 
i.e. J0,425 and 9575 c/s. Calibration of the average cheap 
audio signal generator is unlikely to be satisfactory for this 
job. Amateurs who possess s.s.b. exciters can improve set
ting accuracy by modulating the exciter with 500 and 13SO 
c/s for the signal frequencies and tuning the receiver to give 
10 kc/s output when the modulation frequency is ser to 925 
c/s. An alternative method is to build a 10 kc/s oscillator 
having a limited tuning range, and lo calibrate it by beating 
its twentieth harmonic against known broadcasting stations 
in the long waveband. 

Jf reception of shift frequencies much lower than 850 c/s 
is envisaged, some degree of linearity will be required in the 
discriminator response slope. This may be achieved 
empirically by loading tl1c secondary windings of T2 and T3 
with resistors selected to give a suitable shape to the slope. 
The values of C5/C6 and R 19/ IUO, which form the filters for 
the signal frequency component of the discriminator 
output, are fairly critical. Too small a time constant will 
result in the signal bauds being modulated with the signal 
frequencies at the input to V4a. Too '.large a time constant 
will cause appreciable curvature to the baud transitions, and 
may result in telegraph distmlion. Diodes CRl and CR2 are 
not critical, and may be any type with low self-capacitance 
and p.i.v. rating of JOO volts or more. 

The low pass filter is designed for a characteristic impe
dance of J0,000 ohms. There is no standing d.c. current 
through the inductors, since V4a is keyed fully between cut
off and saturation. Maximum current through lhe inductors 
is 12·5 mA when V4a is fully conducting. The total copper 
resistance of the three inductors in series should not exceed 
1000 ohms. The signal bauds out of the filter will have their 
leading and trailing transitions curved by tl1e filter action. 
It is therefore very important that V4b should be keyed 
S}rmmetrically about its grid reference vollage, or telegraph 
bias distortion will result. YR I enables the grid working 
point to be centred on the signal voltage excursion applied to 
it. 

When the grid of V4b is made positive against earth by the 
signal polarity, its anode voltage will drop to positive 60 
volts. R30 and R31 form a potentiometer between the 
anode of V4b and - 150 volts, so that the voltage which 
appears at the junction of R30 and R31 is -SS volts with 
respect to earth. This cuts off VS. When the grid of V4b is 
made negative against earth by the signal polarity, its anode 
voltage will rise to practically the full b.t. (2SO volts positive). 
The voltage that will then appear at the junction of R30 and 
R31 will be positive 16 volts against earth, and VS will 
conduct fully. The test switch enables V5 to be keyed fully 
to mark or space artificially, and is useful to stop the tele
printer chattering on noise when tuning, as well as for setting 
up the output circuit ry. 

When VS is fully conducting it draws current from h.t. 
positive 150 volts through tbe teleprinter magnet, RTP, 
R34, towards earth. The grid of V6 is returned to the anode 
of VS, so that the current through R34 and the voltage drop 
so produced causes V6 grid to be negative with respect to the 
cathode of V6, and V6 is cut off. When the signal polarity 
changes and VS is cut off, current ceases to flow in R34, and 
the grid and cathode of VG are at the same potential, causing 
V6 to conduct fully. Current is therefore drawn through V6 
from h.t. positive 300 volts to h.t. positive 150 volts, via R-rp, 
R33, and the teleprinter magnet. This current is flowing in 
the reverse direction to the previous current arising from V5 
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conduction, and so double-current energization of the 
teleprinter magnet is achieved. V6 screen grid is held to a 
steady potential by R35 and R36. The screen grid of V5 
is held to an adjustable voltage which can be set by VR2. 
This control is used to balance the mark and space currents 
in the magnet circuit to be equal and opposite. Since V6 has 
its cathode operating above h.t. positive 150 volts it is as well 
to operate its heater from a separate supply to avoid the 
risk of heater/cathode insulation breakdown. 

The h.t. positive 150, 300, and negative !SO supplies 
should all be stabilized, and VRJ 50/30, 1SOC3 or OD3 
regulators will serve to do this. A common 600 volts supply 
with the regulators connected in series across its output to 
provide the various voltage taps makes a neat arrangemcmt. 
R-rr is chosen to set the magnet current to 20 mA, so the 
regulator ,·:lives can be worked well within their ratings. 

Useful oscil10scope test points are indicated on the circuit 
by crosses followed by numbers. To prevent distortion the 
use of an a.c. coupled amplifier in the oscilloscope should be 
avoided. Since most of the test points are at quite high ci rcuit 
resistance points, the input rc~istancc of the oscilloscope 
should be several megohms to avoid shunting the circuits 
under observation. 

Test point XI monitors the discriminator output, and is 
very useful when tuning-in an f.s.k. signal. Multiple path 
signals and fading below limiter threshold can be clearly 
seen. 

Test point X2 shows the signal shaping due to the filter. 
and will give a good idea of the extent to which noise is 
cleaned up by the filter, especially if XI and X2 can be 
displayed simultaneously on a double beam oscilloscope. 

Test point X3 shows the cleaned-up signals squared-up by 
the squaring amplifier, and forms a useful indicat ion when 
adjusting the bias potentiometer VRI. 

Test point X4 shows the output double-current signals 
into the teleprinter magnet, and can be used as a vol tage 
balance indicator when adjusting VR2. 

Attention to the polarity of mark and space voltages is 
necessary. In the circuit of Fig. 11.9 the output of the 
discriminator is positive for the higher frequency, which by 
convention is used for mark. A niark at the grid of V4a is 
therefore positive, so that the grid of V4b will have a negative 
voltage applied to it for mark. Since the grid of V4b also 
receives the transmitting sign:i l voltages for local record 
purposes, it follows that the teleprinter mark output voltage 
needs to be negative with respect to earth, and the radio 
transmitter should therefore be arranged to send the higher 
frequency of the shift when the input to the keyed exciter is 
negative. A signal reversing switch which reverses the 
discriminator output connections may be incorporated in the 
converter. 

Some method of checking thn! the h.f. receiver is correctly 
tuned to RTIY signals, apart from observing tl1e page
printed copy on the teleprinter, is necessary. By far the best 
method is to display the discriminator output ou an oscillo
scope (Test Point 1), but a less effective method which is 
commonly used is to connect a centre-zero microammeter 
in series with a current limiting resistor across the output 
of the discriminator. On a reversals signal the pointer will 
vibrate about zero when the receiver is correctly tuued, but 
during signalling from a teleprinter will tend to show bias to 
one side or the other according to the mark or space weighting 
of the characters being received. The operator needs to 
become familiar with its behaviour, and to judge the tuning 



over a number of characters. The sensitivity of the meter 
needs to be high so that the series resistor is high, and does 
not seriously shunt the discriminator output resistance. 

TELEGRAPH RELAYS 

Special polarized relays such as the Carpenter type are 
often encountered in telegraphy practice. Like the double
current magnet they are completely balanced mechanically 
and side-stable. When the current is removed entirely from 
the coils, the contact remains switched according to the 
direction of the current prior to its removal, held by the 
permanent magnet providing the polarization. There is 
only one changeover contact, the fixed contacts being 
designated mark and space, and the moving contact known 
as the tongue. Generally there are two identical coils. 

Circuit Applications 

Fig. 11.10 sl1ows a number of arrangements for telegraph 
relays. The circuit in (a) has coils A and Bin series assisting, 
and requires the current i.n the coils to reverse direction for 
the contact to change over. It therefore accepts a normal 
double-current signal, and may be used to convert double to 
single-current signalling, or to convert a double-current 
signal working about one reference voltage to a double
current signal working about another reference voltage. 

The circuit in (b) has each coil fed separately from a 
two-wire source. A positive current in coil A will operate 
the relay one way, and a similar current in coil B will change 
it over. Only one coil is energized at a time. It is used with 
circuits such as a llip flop, where one coil may be placed in 
series with each anode resistor. The relay then follows the 
switching of the flip flop, and is a means of switching 
relatively high current from the high resistance circuitry of 
the electronic device, providing a single-wire output. 

Circuit (c) works eJJtircly from single-current signals, and 
is the least sensitive of the three arrangements. A steady 
current is passed continuously through coil JJ, so that when 
no current flows in coil A, the relay will always switch one 
way. The signal current in coil A is set to be twice the 
current in coil B, so that the change in magnet ic force 

2· ... I RE {SINGLE OR DOUBLE· CURRENT 
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Fig. 11.10. Polarized telecraph relay connoction1. See text ror 
3pplic;ations. 

RITY 
acting upon the armature for operation from mark to space 
and from space to mark is always the same. Since the force 
arising from the continuous energization of coil 1J is always 
in opposition to the force arising from signal current in coil 
A, sensitivity is reduced, but the arrangement is better than 
using a relay with a spring return for the armature, because 
operation in each direction is effected by identical change of 
magnetic force, and the relay retains its mechanical balance. 
This circuit is used to change single to double-current 
signalling. 

Adjustment 

Telegraph relays are a common source of bias distortion, 
and their adjustment is critical. The mark and space con
tacts mounted on the tips of screws with fine threads are 
made adjustable. Ideally they should be adjusted dynamic
ally using a test set as shown in Fig. 11.4. They can be set 
out of circuit approximately as follows: 

(a) Slacken the Adjustable Contact Locking Screws. 
(b) Preliminary Centring of Armature. Retract the contact 

which is not making with the moving armature to 
leave a gap of 10-20 mils. judged by the eye. Advance 
the other contact very slowly until the exact point is 
found where the armature just operates, and then 
retract this contact by 2! mils. This will result in 
an armature travel of 5 mils. 

(c) Check for Stability. Operate the armature by hand, or 
by the tip of a small screwdriver, and note that it 
remains on the contact to which it is moved. Check 
that a similar condition applies when the armature is 
operated in the opposite direction. 

(d) Check and Adjust for Symmetry. Approximately 
equal pressure should be required to operate the 
armature in both directions and this may be checked 
by feel, or preferably, with a tension gauge. To adjust 
the pressures, advance, in !-mil steps, the heavy con
tact and retract the other at each step by equal 
amounts. At each step repeat check (c) until a balance 
is obtained. 

(e) Tighten the Adjustable Contact Locking Screws with 
Fingers. A screwdriver or pliers must not be used 
because ovenightcning the locking screws will break 
the fibre clamps. 

The contact travel of a Carpenter type telegraph relay 
when correctly set should be of the order of0·005 in. and this 
can be checked with a set of engineers feeler gauges. Often 
the contact screws are calibrated around their knobs or 
heads, relative to the threads. (See Fig. 11.15.) 

When in good adjustment tbe relay should change over 
with half a milliampere flowing through either coil. The 
contacts will have some form of spring mounting to absorb 
the impact when tbe contact changes over, so that the 
contact will not bounce away. 

Coil resistances ace quit.e low. This is because the induct
ance of the coils must be low in order to allow a rapid 
build-up of the current through them, so keeping the 
contact transit time short. An important point in this 
respect arises from the fact that the time constant of an LR 
circuit decreases as R increases. To speed up the operating 
time of a teleprinter magnet or telegraph relay, a resistor 
may be inserted in series with the coil, and the applied 
voltage raised to keep the steady state current at its correct 
value. This is why the standard telegraph line voltage is 

11.13 



nSGB-RADIO COMMUNJCAT10N HANDBOOK 

80 volts. The teleprinter magnet coil resistance is about 
200 ohms, so that it is only necessary to apply 4 volts in 
steady state across the coil to pass 20 mA through it. By 
using 80 volts with a series resistor of 3800 o hms to limit the 
current, the magnet operat ion is much speeded. 

Pulse Circu it Application 

Since these relays arc side-stable, they may be operated 
by short pulses at baucl length intervals, and can thus be 
used to regenerate signal pulses from electronic gating circuits 
into full-length bauds. For very short pulse circuits a flip flop 
can be used similarly. 

TELEPRINTER OPERATING MODES AND 
FACILITIES 

Apart from the fact that there is a common motor, the 
teleprinter receiving and transmitting mechanisms are 
independent of each other. When a single teleprinter is 
operated as a terminal equipment it can be used in one of 
three ways. 

Simplex Mode. The te leprinter is used ei ther for sending 
o r receiving only. A teleprinter used solely for receiving may 
have its keyboard removed. The Creed Model 8 is such a 
teleprinter and has no keyboard. 

Semi-duplex Molle. The teleprinter is used for sending 
and receiving, but not at the same time. There is an auto
matic send-receive switch which is operated by the keyboard. 
Normally the receiving line is connected to the magnet 
circuit, but when a character key is pressed, the magnet 
circuit is switched to monitor the transmit line. Consequently 
both incoming and outgoing messages arc printed on the 
page, so that simultaneous transmission and reception would 
cause mutual interference. 

Duplex lWode. The send-receive switch is not in circuit, 
and no record of transmitted messages is made. The key
board and receiving mechanisms are independent, and 
transmission and reception can be carried on simul taneously. 

Amateur O peration 

The use of the terms simplex, semi-duplex, and duplex, is 
not generally agreed in definition. Semi-duplex, described 
above, is commonly referred to as simplex, and duplex is 
defined as requiring two te leprinte rs at each terminal, one 
giving local record of messages and used for sending only, 
the other without keyboard and used for receiving only. 
T he latter arrangement is, in fact, two simplex circuits 
working entirely independently, their only point in common 
being their physical proximity. The mode requires separate 
sending and receiving positions, and is obviously not adapt
able lo amateur radio practice. 

The amateur RTTY operator will probably find the semi
duplex mode most suitable. Just as most c.w. operators 
prefer to monitor their own keying, so it is helpfu l to be able 
to read teleprinter messages as they arc sent. A page tele
printer a t the receiving end requires the sending operator to 
put in carriage return and line feed signals at the correct 
points. Tape type teleprinters designed for semi-duplex 
working have a lamp which glows when a full line of type 
has been transmitted, but Creed Model 3 teleprinters, 
designed for duplex working and printing on gummed tape, 
give no indication. 

The amateur has to switch his radio equipment from 
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transmit to receive, and vice versa. There is little point in 
making use of the automatic changeover switch in the tele
printer, which only switches to transmit for the duration of 
each character sent. The receiving operator would find a 
contact very disconcerting if the carrier were cut every time 
the distant operator paused in his keyboard typing for a 
moment. rt is therefore better to make use of the radio 
equipment transmit-receive switch to change the teleprinter 
magnet circui t over from receiver output to teleprinter 
transmit contact in order to monitor outgoing messages. 
Fig. 11.9 indicates a s imple method of doing this. 

Extra T eleprinter Facilities 

Creed Model 7 teleprin ters usually embody a mechanically 
operated switch which cuts power to the motor if no signals 
a re received for a period of one and a half minutes. The first 
space received trips the switch and s tarts the motor again, but 
the fi rst few characters will, of course, be mutilated as the 
motor accelerates to correct speed. For sending, the switch 
may be tripped manually by pushing a button in the rigbt
hand side of the teleprinter cover. The purpose of th is switch 
is to reduce motor wear when teleprinters are left swi tched on 
fo r long periods for reception of intermittent traffic, and it 
may prove more of an annoyance tban a help to the amateur 
operator. Il can be short-c ircuited. 

The "answer-back " facility is an ingenious device, but 
quite unsuited to amateur RTTY operation. lf the upper 
case of character D is received by the teleprinter receiving 
mechanism, it triggers a mechanism in the keyboard which 
transmits a prearranged call-sign o r identification code. This 
is most useful for Telex line working, because the operator 
making an automatic Telex call can check that he is through 
to the right subscriber if the distant teleprinter is unattended, 
and then send his message and be reasonably sure it wiU be 
printed. On RTIY it is a complete nuisance. Whenever a 
character is mutilated on reception and is interpreted as the 
upper case of D, the receiving teleprinter immediately 
switches to transmit and sends a series of signals which 
inhibit reception for their duration. To avoid this happen
ing the operating linkage can be removed. 

Another facili ty which is of little use to the amateur is the 
J-bcll alarm. If the upper case of character J is received, a 
pair of contacts arc c losed, and these can be wired to ~ 
alarm bell circuit. This allows the operator o f an intermitt
ently attended teleprinter to be called by the distant 
operator, but the facil ity is obviously only va lid if the 
connection between the te leprinters is continuously main
tained. 

TE LEPRINTER CIRCU ITS 

External Connections 

Fig. U.11 shows the standard wiring for a C reed Model 7 
teleprinter. Detachable units such as the motor and key
board, have fixed built-in plugs and sockets which auto
matically pick up the circuit connections when the units arc 
placed in position and bolted down. These are indicated 
by points marked X on the diagram. Older teleprinters use a 
nine-way plug on a flexible cord, mat ing with a GPO Jack 
52 for the line and s ignalling power supplies. Modern tele
prin ters use a twelve-way plug of the Jones type. T he motor 



RTTY 

POWER PLUG 
.-------.-----'R~E~O-~ I c1 ( 

O•lpf \: '.J 

TRA NSMIT CONTACT 

ca 
O·lpf 

T8 TA 
6 n 

LZ 
lmH 

GOVERNOR 
CONTACT 

BLACK 

(b) 

BLACK 

MAGNET 
l-...,....-1.. _ __J CO I LS 

CIO 

Zff J 
TC6 T06 TC4 

RED 

C9 

O·S I )Jf 
R3 

HOil 

TC9 TC7 

NOTE - CUllllENT FLOWING IN MAGNET 
COILS FROM BLACK TO RED HOLDS 
ARMATURE TO MARK POSITION 

.---.---'VR~41-~To-~ M ...,.~ SEND/RECEIVE 

.---1;0 
DJ cy o.oos 

Cll 

Ll 
O·SmH 

TC3 

9-WAV PLUG 
PIH 

4 
s 
6 
7 
e 

(e) 

60Jl s 

T04 

(c ) 

TELEPRIHTER 
COHNECTIOH 

TC I res 
TOS TC3 
TC9 T04 
TOZ-3 T08 
TC6 TOS 
res TCI 
TC3 TC6 
T04 TCIO 
TCS TC9 

TOZ 
TOI 
TD3 

SEND 
SWI TCH 

6 

LS L6 
O·SmH O•SmH 

res TCI TCS TDS 

12·WAV PLUG 
PIH 

I 
2 
3 
4 
s 
6 
7 
8 

0 10 
II 
12 

connection is brought out on a separate three-core cable 
termina ted in a three-pin plug. 

Motors 

Creed teleprinters are normally equipped with an a.c./d.c. 
motor fo r voltages between 85 and 250 volts, the working 
range for any motor being plus or minus 10 per cent of the 
nomina l voltage marked on it. Power ra ting is 1/25 h.p. 
The field coils are brought out to n connection block on the 
moto r, nnd should be connected in parallel for a.c. and 
series for ct.c. working. 

M:iny surplus machines have been used on d.c. supplies, 
and the strapping of the field windings should be checked 
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Fig. I I.I I . Wil'iniJ :ind component la yout o( Croed Model 7 tele
prin ter. 

(Courtesy of Creed & Co. Ltd.) 

before connecting power when a surplus teleprinter is 
acquired. Motors rated for d.c. supplies of less than 50 
volts require shunt, ins1ead of series, governing. The 
armature winding and the field coi ls are in parallel con
nection, and the governor resistor is placed in series with 
the field windings. A special type of governor is required. 

Speed Gove rnor 

T he governor holds the motor to with in one per cent of its 
rated speed by means of a centrifugally operated contact. 
This opens when the speed exceed~ 3000 r.p.m. nnd closes 
when speed falls below this figure. A heavy duty 1000 ohm 
resistor, R2 in Fig. 11.11 (a}, is connected across the contact 
so 1hat it appears in series with the motor when lhe contact 
is opened. As a result the motor is continually hunting 
between just over and just under its rated 3000 r.p.m. The 
contact is switching a fair amount of power into a reactive 
load, and Ll /l2 and C4/C5 form a spark suppression circuit 
to protect the contact and limit radio interference. 

Electrical N o ise Suppression Circuits 

Electrical noise generated by the teleprinter is quite a 
problem in RTTYservice. Much attention must be paid to the 
suppression of commutating and contact signalling circuits, 
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or the operator will find his radio reception is being heavily 
lammed by his own teleprinter equipment. Even the electTo
Jytic action arising from the rubbing together of many 
metall ic parts in the teleprinter can cause interference if a 
" hot" aerial wire passes close to the teleprinter. It is 
essential to get the aerial well away from the telegra ph 
apparatus, and to use coaxial cable for some dis tance. 

A common earth wire to teleprinter and h.f. receiver can 
display standing waves a rising from interference noise and 
cause a great deal of obscure trouble. It is a good idea to 
provide a direct capacitance earth to the teleprinter by con
necting it to a large sheet of metal laid flat on the floor by 
the shortest possible wire. The metal sheet should also be 
connected to the mains earth as a safety precaution, but its 
capacilancc to true earth will short-circuit interference volt 
agc.5 1hat may o therwise get back into the h .f. receiver input 
via the earthing system. Mains wiring in the vicinity of the 
equipment should be screened and fi lte red. Not all tele
printers ava ilable to the amateur have the suppression 
devices shown in Fig. 11.l l built-in, so a check of these is 
wel l worlhwhile. 

The suppression of the transmit contact by capacitors 
C l I, C l2, C l3 and coils L3, L4, LS, shown in Fig. 11.l I (c), 
can give rise to telegraph d istortion troubles. They are 
intended fo r line use with lhe standard 20 mA line current. 
If the terminating resistance of the radio transmitting and 
monitoring equipment is too high, their time constant may 
be excessive and cause too much curvature to the leading 
and trailing baud transitions. The obvious way out of th is 
difficulty is to load the transmit wire with a resistor to reduce 
the circuit resistance, and hence the time constant. This will 
increase the s ignalling contact current and, potentially, the 
noise, so that the contact should no t be loaded more than is 
st ric tly necessary to make the baud shaping to lerable. 

In F ig. I l .11 (b), TC7 should be s trapped to TC6 for 
double-cmrcnt working. This places C9 in series with R3 
across lhc magnet coils to limit back e.m.f. effects when 
signalling into the magnet. 

TELEPRINT ERS 

Dy far the most common type of teleprinters used in the 
British Tsles is the range manufactured by Creed & Co. Ltd. 
A fair number of American Teletype machines went into 
service during World War 2, and many of these have found 
their way onto the si1rplus market. 

C reed te leprinters use governed motors that are indepen
dent o f supply frequency, but many Teletype machines have 
synchronous motors which may be for 50 or 60 c/s operation. 
A Teletype machine fitted with a governed motor can be 
a<ljustcd to run at 50 bauds, and they are very reliable and 
robust machines. Their governed motor runs at 2 100 r.p.m. 
and requi res speeding up to make it compatible with the 
British and Continental standard signalling speed of 50 
bauds. 

The Creed machine has a rotating typehead driven by a 
omplica ted clutch which allows the head to rotate so that 

the required character is presented to the type hammer. 
Letter feed of the paper is accomplished by a moving 
ei1rriage running on a rail and carrying the complete roll of 
paper. With a full ro ll its mass is considerable, so tha t 
w hen ii rcci:-ives a carriage rr-turn signal after a full line has 
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been printed, it strikes its end stop with quite an impact, and 
this is damped by an air piston device. 

The Teletype machine has a type basket s imilar to that on 
a typewrite r, and the whole basket moves to provide letter 
feed. The carriage for the paper roll is fixed. 

Creed & Co. Ltd. not only produce a range of te leprinters 
for different applica tions, but during the years the various 
models have been improved, so that sub-assemblies on 
m odels designed for the same service may diffe r substantia lly 
according to date of production. The M odel 7 teleprinter is 
most sui ted to amateur application amongst the o lder types 
which arc likely to be available. T his model can be fitted 
with a page carriage, or with a tape printing attachment, 
which provides a narrow gummed tape with the messages 
printed on it in a long continuous line. The purpose of the 
latter is to allow the messages to be stuck to pages of any 
size in the most convenient form. The amateur will un
doubtedly fi nd the page carriage is most convenient fo r his 
purpose. 

There are over two thousand parts i11 a Creed Model 7 
teleprinte r, and it is obviously outside the scope of this 
chapter to give a complete and detailed description of its 
working and adjustments, particularly with regard to the 
differences between the various versions of the same model 
that may be encountered in practice. The manufacturers 
produce very good instruction books. T he following informa
tion refers to the Creed Model 7 teleprin ter only. 

Speed Adjustment 

Correct governed speed of ihe motor is the firs t require
ment. Early teleprinters have a large white spot painted on 
the lypehead spindle gear wheel, just above the keyboard 
and facing the operator. This ro tates quite s lowly. A 
s troboscope consisting o f a shutter mounted on a reed 
which may be made to vibra te a t its resonant frequency, so 
openiag and closing the shutter, is used to view the spot. If 
it appears sta tionary, speed is correct but if the spot appears 
to move clockwise or anti-clockwise the speed is fast or slow 
respectively. When the speed discrepancy is large, this is a 
difficult and frustrating device to use. Modern teleprinters 
have five equal white spots pa10ted around the circum
ference of the governor cover, and these are viewed through a 
shutter consisting of two tight metal plates mounted at the 
tips of the a rms of a 125 c/s tuning fork. Each plate has a 
s lot in line with the fo rk arms, and as the fork oscilla tes the 
s lots become bricOy coincident a t the resonant frequency of 
the fork. 

If the amateur's machine is of the type first dcscribccl, it 
is recommended that a strip of white paper ! in. wide be cut 
to the exact length of the governor circumference, and 
divided into ten equal parts, fi ve of which arc coloured 
black. This can then be stuck around the governor with a 
powerful adhesive. 

A cheaper and more readily obtainable indic:itor than 
the 125 c/s fork can be made by constructing an oscillator 
checked against 50 c/s mains frequency with an oscilloscope, 
and using its output to drive a small neon lamp. When the 
neon is held near the governor cover in semi-darkness the 
white divisions will appear stationary if speed is correct, or 
move slowly in the direction of the motor ro lation if speed 
is fast, and vice versa. 

The speed of a newly acquired machine may be quite a 
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fig. 11.12. Tho M odal 7 Teleprinter Transmitting Moch~nism. (Courtesy of Creed & Co. Ltd.) 

long way oul, in which case it may be outside the range of 
the stroboscope. Tl is possible to find a false speed setting 
which holds the spots steady due to some harmonic relation
ship with the correct speed. Setting the speed approximately 
correct can be done by counting the number of characters 
printed in a measured time, with the teleprinter continuously 
transmitting one character. To do this, press one character 
key and hold it down, at the same time pushing up the key
board clutch pawl abutment so that the clutch cannot latch. 
Sixty characters can be printed in a single line on a page 
teleprinter, and since each takes 150 milliseconds, 60 will 
take nine seconds. 

The receiving and sending mechanisms bolh operate from 
the same motor and will therefore always be in synchronism 
with each other, irrespective of actual speed. A speed fault 
will not show up as mutilations on tbe local record printed. 

Speed adjustment is made by removing the governor 
cover, which is held by a single screw. fncreasing the 
centrifugal spring tension by the tensioning screw at its end 
increases speed, or slackening it decreases speed. The 
condition of the governor contacts is important, both from 
the point of view of smooth control and radio interference. 
If pitted, they should be rubbed flat with line emery paper. 

T he Transmitting Mechanism 

The principle of operation from the keyboard is illustrated 
in Fig. 11.12. There are five combination bars (CB), one for 
each element in a character. These bars have a series of 
projections along their upper edges :u-ranged so that, if a 
character key is pressed, the keybat (K) associated with it 
will impede movement to the right of such combination baJ'S 
as have projections al that poiut. The combination bars ani 
each spring-loaded towards the right, but are held against 
the springs by the common returning lever (RL) whilst tho 
keyboard is at rest. 

The vertical member of each keybar has a projection 
which forces down the trip bar (TB) as soon as a key is 
pressed, and this causes the trip lever (TL) to move iu a 
clockwise direction, so lifting the pawl abutment out or 
engagement with the one-revolution clutch pawl (P). 

The one-revolution clutch is shown in Fig. 11.13, and its 
purpose is to provide one rotation of the transmitting cam 
shaft (TC) whenever a key is pressed. Its latching action 
prevents a second rotation in the event that the key is beld 
down longer than the time taken to transmit the character. 
Operation of the kcybar (b) forces down the trip bar (a), 
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Fig. 11.ll. Th e Model 7 one~·revolution transmitter clutch. 
Courtesy of Creed & Co. ltd.) 

and the bell-crank (c) mo,·es in a clockwise direction, causing 
the pawl abutment (d) to mo,·e in an anti-clockwise direction, 
so raising its tip out of engagement with the pawl (e). The 
pawl therefore drops down under the pressure of its spring 
and engages a tooth on the ratchet wheel, wbich is cont in
uously rotating under motor drive. This causes the cam 
shaft to rotate. In rotating, the cam (f) forces the link (g) 
between the bell crank and the pawl abutment out of 
engagement with the pawl abutment, which therefore moves 
back into position to arrest and trip the pawl out of engage
ment with the ratchet when the single revolution has been 
completed. If the key is held down after this time, the pawl 
abutment will not again release the pawl because the link 
remains out of engagement, and will not re-engage the pawl 
abutment until the trip bar has been released by the raising 
of the kcybar when the character key is released from 
pressure by the operator. 

Reverting to Fig. 11.12, when the camshaft starts to 
rotate, the common returning lever (RL) is allowed to move 
in an anti-clockwise direction on its spindle by the profile of 
its cam (C), thus releasing the combination bars, which can 
then move to the right under their spring tensions. Due to 
the projections on the combination bars, some will move 
freely, whilst others will be arrested by the keybar, according 
to which key has been pressed. The combination bars there
fore set up the character combination by their relative 
positions. The process which follows is that of transform
ing th is simultaneous condition of five elements into a 
sequential strin6 of signals on the single wire output from the 
transmit tongue contact. 

As the cam shaft rotates, the shape of the front cam on 
t.he shaft forces up !he start-stop lever (SSL), which allows 
the common operat ing lever (CL) to move in a clockwise 
direction on its spindle under the tension of its spring (TCS). 
Tbe link (L) moves to the right and pulls over the transmit 
contact tongue (TCL) to space, thus sending a start signal. 
T he tongue has a jockey roller (JR) giving a toggle action 
to the contact, which improves its transit time and provides 
a firm contact pressure. 

Each of the clement cams has a dimple in its profile, and 
these dimples are staggered in relation with each other. 
When the dimple on the first cam becomes coincident wi th 
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the projection on the first selector lever (SLI), this lever will 
drop under its spring tension, provided the combination bar 
has moved to the right so tbat its tip docs not impede the 
movement of the selecting lever. Dropping of the selector 
lever will force the common operating lever to move in an 
anti-clockwise direction on its spindle, and its link will 
switch the tongue contact to mark. If the selector lever is 
prevented from dropping by its combination bar, the contact 
will remain at space. 

This process is repeated for each element in turn, as their 
individual cams offer movement to the selector levers. After 
the combination has been transmitted, the front cam 
profile again allows the start-stop lever to drop, so forcing 
the common operating lever to mark for the stop signal. 
T he clutch latches at the completion of one revolution, and 
the cam at the rear end of sha ft causes the common return
ing lever (RL) to reset the combination bars. 

There are two locldng bars associated with the keyboard. 
The first (LBl) moves and locks the keybar as soon as a 
character key has been pressed, so that the key will remain 
operated for the duration of the character transmission, 
irrespective of when the operator removes his finger from 
the key. The second (LB2) moves forward when a key is 
pressed and takes up position between the operated keybar 
and all the others, thus preventing operation of a second 
key whilst a character is being transmitted. A fast typist 
can feel the action of this locking bar holding back the speed 
of typing. 

The modern " N " series keyboards differ from the type 
described above. They are available with three or four rows 
of character keys. Jn the latter case figures a rc on a separate 
row, just like a typewriter keyboard, and an interlocking 
:1rrangement prevents a key in either upper or lower shift 
case being pressed unless the appropriate shift key has been 
pressed previously. 

The Selectio n and Printing Mechanism 

fig. 11.14 illustrates the selection and printing mechanism. 
The movement of the armature extension of the receiving 
magnet (RA) causes the trip shaft (TS) to move on its 
spindle, clockwise for a space and anii -clockwisc for a 
mark. T he trip shaft is lit1ked to the pawl abutment (0) of 
the receiving cam clutch, which works in rather a similar 
manner to the transmitter clutch. The first space received 
trips the pawl and the cam makes one revolution. 

The striker blade (SB), which is a thin s teel spring leaf, 
is arranged to oscilla te in the horizontal plane by the move
ment o f the finger setting lever (STL), running in cam slot T l. 
At the same time a vertica l oscillatory movement is imparted 
to the striker blade by the movement of the trip shaft, which 
is under control of the magnet, and whose movement thus 
follows the marks and spaces of the character combination 
being received. The striker pin (SP) is held in position by the 
trnvcrsing link (L), and the latter is driven by the traversing 
lever (TL), running in cam slot T3, which causes the link to 
move parallel to the trip shaft, carrying the striker pin with it. 
The timing of the traversing link, relative to the striker blade, 
is such that the striker pin is in line with o ne of the selector 
fingers (F l to F5) every time the striker blade moves towards 
iL If the striker blade is in the upper position of its vertical 
plane movement, occasioned by a mark, the edge of the 
blade will strike the striker pin and move it forward, thus 
pushing back the coincident selector finger. When a space 



is being received, the striker blade will be in its lower 
position and will pass beneath the striker pin, so that the 
coincident selector finger will not move. Jn this manner the 
combination of the character is recorded on the positions 
taken up by the selector fingers. 

So fa r the operation of the mechanism has reached the 
stage o f converting the sequential movements o f the magnet 
armature into five steady state conditions of the selector 
fi ngers. The next step is to convert these fi ve separate 
conditions into one of the 32 possible conditions which 
together they provide. This is done by the translating 
mechanism. F ive combination discs (Cl to CS) arc mounted 
in an assembly, each able to move radia lly. Around their 
peripheries are a series of slots, and around the assembly 
are grouped 64 bellcranks (B), each tensioned by its own 
spring (BS) towards the assembly. The combination disc 
sett ing lever (CSL) is driven from slot TS in the cam, and 
ra ises the spindle on which the five selector fingers pivot, 
after all the fingers have been set to the combination. 
Simultaneously the bellcrank lifting lever (BL), operating 
from cam slot T4, pushes the sliding sleeve (13C) up against 
the bottom ends of the bellcranks, lifting them and so freeing 
the combination discs from their pressure. T he combination 
discs are spring-loaded and will rotate if thei r extension arms 
a rc not impeded by the selector fingers. Those selector 
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fingers which have been pushed back by the striker pin into 
the rnark position will obs tn1c1 the combination disc move
ment, whilst those which are in space position will be clear 
of the combination disc extensions, and those discs will 
move. For any combination there wilJ always be one 
channel formed by a slot in each combination disc in line 
with all the others, allowing one of a pair of adjacent bcll 
cranks (upper and lower case of the character) to drop into 
the channel so formed. A disc mounted at one end of the 
comb ination disc assembly and slotted regularly about its 
periphery (SC), is set in 0110 of two positions by either the 
letter-shift bcllcrank (LSD) or the figure-shi ft bcllcrank 
(FSB), and the positioning of its slots determines which one 
of the character bellcranks will drop into the channel 
formed by tbe combination discs. 

At the time tJ1e bellcranks are lifted by the sleeve (BC), 
the typchead clutch is engaged. This is a fric tion device 
which drives the typehcad round until it is stopped by lhc 
position of the selected bcllerank. Tn this position, the 
character set up by the combination is presented lo the type 
hammer (HH) ready for printing. By this time, however, the 
cam has almost completed ils full revolution, and the nclunl 
striking of the type by the hammer, initiated by cam slot T2, 
takes place during the next selection process just before the 
bcllcranks are lifted for selling of the combination d iscs. 

Fis:. 11.14'. The Hodel 7 teleprinter selection and print ing mechanism. 
( Courrcsy of Crcod & Co. Ltd.) 

11.19 



RSGB-RADIO COMMUI\1ICATION HANDBOOK 

Consequently the printing is always one character behind 
the transmission. 

Letter feed of the page carriage is accomplished by the 
action of the feed lever (CB), driven by the traversing link 
(L). Cornbinations resul ting from Jetter-shift, figure-shift, 
carriage-return, upper case of J (bell) or all spaces, must not 
cause the carriage to feed. The bellcranks proper to these 
functions operate control levers, all of which operate a 
common noo-feed lever, which inhibits operation of the 
feed mechanism for such non-printing combinations. 

A pawl 0."P), mow1ted at one end of the combination disc 
setting lever (CSL), steps a ratchet wheel (FR) to provide the 
feeding action of the inked ribbon. 

Te leprinter Ma intenance 

A few drops of medium lubricating oil should be applied 
to all oil cups and holes, and to the selecting fingers. Before 
oi ling, dirt and surplus oil should be cleaned away. It is 
important not to over-oil the machine, as smplus oil wil l 
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Tools for Tole:printer Maintenance 

Sot of instrument screwdrivers. 
Screwdrivers with l. ,i., t in. blade<. (Keep bl•dos In good con-

dition.) 
Steel twcc.1crs and wiring pliers. 
Sets of flot and box spanners, 0 to 8 BA. 
Dcntist'.s mirror a"ld w:itchm:iker's eyeglass. 
Spring-type elute!. g•ugcs, 0 to 4, 0 to 16 oz. 
Sprln&·typc t ension gouges, 4 to 24, 10 to 80 gm. 
Set of engineer's foolor gouges, 0·0015 to 0·025 in. 
Non-fluffy duster and chomois leather. 
Camel h;air brushes for oilfng ;ind deaning. 
Toothbrush, for dc~nin1 type out. 

pick up dust and become abrasive. The carriage platen 
spindle should be kept clean and lubricated sparingly with 
thin oil occasionally, but the air piston should not be oiled. 
Frequency of oiling should be about every hundred hours of 
running time. The latch cam of tbe typchead clutch should 
be greased at the same time. Ball races should be lubricated 
every 1000 hours. 

Operation of tl1e striker blade (sometimes called the fin ger 
setting blade) can be checked by turning the motor by hand 
and observing the blade in relation to the striker pin, whilst 
operating the magnet manually. This will show if there is 
any tendency for tbe blade to miss tbe pin on marks. The 
blade should be straight if it is to strike the pin squarely. In 
time the stri king edge of the blade wears, and it has to be 
changed. Application of a little Oildag (a graphite prepara
tion in oil) to the striking edge will prolong its life, but it 
should be applied very sparingly. 

The magnet may be rotated slightly on its mounting by 
means of an adjusting screw at its rear. With the operating 
link disconnected from the armature extension. the magnet 
should be positioned so that equal force is required to push 
the armature extension from mark to space and from space 
to mark. If a spring balance type o f clutch gauge is ava ilable, 
it will provide an easy means of measuring the force required, 
and applied to the tip of the armature extension, enables a 
very accurate setting to be found. With the operating link 
reconnected, the force required to operate the magnet 
armature should still be balanced, but will be rather less 
because of the action of the striker blade. rr the force 
required is unbalanced, the s triker blade should be set from 
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the point of its attachment (not be11t or twisted) to correct 
the bias. 

The travel of tbe transmitting contact tongue should be 
0·006 in. When the tongue is operated to the right, there 
should be a clearance of from 0·004 to 0·010 in. between it 
and the right-hand edge of the gap in the operating link (L 
in Fig. 11.12). The jockey roller may be positioned by 
slackening the fixing screws securing its bracket, and 
adjusting the eccentric screw just to the right of the jockey 
roller. The adjustment is correct when equal force is 
required to operate the tongue from mark to space and from 
space to mark. In the centre of its travel the tongue should 
be truly vertical. 

It will be appreciated that the accurate response of lhe 
machine, both sending and receiving, depends to a great 
extent on the accuracy of the cam profiles. The only cure 
for worn cams is to change them. End-play or slop of the 
cam shafis will adversely arrcct performance, as \\ill wear on 
all contacting surfaces where mark and space sensing is 
carried out. The majority of the moving parts are spring
loaded, so it is essential that the parts move freely under the 
tension of their springs when called upon to do so. Old and 
gummy lubricant, dust and nuff, arc the worst enemies of 
light mechanisms, and owners arc advised to cover their 
machines when not in use, and to keep them in warm, dry 
rooms at all times. P ure carbon tetrachloride applied with a 
good quaJ ity camel hair brush will wash away old lubricant, 
and will itself evaporate quickly. It is a good idea to apply 
fresh lubricant with a camel hair brush too. 

The carriage is a separate unit with a hinge at one end and 
a latch at the other. 1t may be swung open on its hinge for 
access, and can be removed from the teleprinter simply by 
lifting it up off its hinge. When closing the carriage to latch 
it to the teleprinter, it should not be slammed shut. Care 
should be exercised to sec that the \'anous iuoctiona1 levers 
linking the teleprinter mechanism to the carriage engage 
correctly. 

0 
EARLY TYPE 

16 RADIAL DIVISIONS 
EACH SPACE INDICATES 1 MIL 

AOJUSlMEHI 

0 
Fig. 11 .15. Contact screws of Carpenter relays are often cal ibrate d 

around 'the ir heads :.u shown. See page 11.13. 

Teleprinters are well made machines which deserve careful 
treatment. Adjustments must be accurately carried out, and 
owners should be absolutely sure that an adjustment is 
real ly necessary before attem1)ting to do it. All settings are 
quite logical and take into account the functions of the 
parts concerned. Too litt le pressure or tension will result in 
errat ic operation, and too much pressure or tension will 
increase wear and shorten life of the parts. Failure of a part 
to move correctly is more likely to be due to frictional 
obstruction, arising from dirt or lack of lubrication, than 
lack of spring tension. 



CHAPTER 12 

PROPAGATION 

THE establishment of radio contact between widely 
separated stat ions depends not only upon the purpose

ful activities of tbe operators but also upon the vagaries of 
the propagation characteristics in tbe intervening space. 
One of the most intriguing and exciting aspects of amateur 
communication is the variability of this medium, for although 
much research has been conducted in the study of radio-wave 
propagation much is still unknown and there is a wide field 
that remains open to further discovery. 

Strictly speaking, the study of propagation must cover 
everything that happens to a radio wave from the moment 
when it leaves tbe transmitting aerial to the moment when 
it arrives at the receiving aerial, and this would include such 
phenomena as the reflection from buildings and hillsides 
and the absorption in forests, but the subject is so vast that 
only the major effects can be discussed here. These are 
related mainly to the electrical characteristics of the atmos
phere which in common with other meteorological conditions 
are constantly changing, and because they have such a 
dominant influence on radio communication the interested 
amateur will be amply repaid by his efforts to understand 
them. 

Radiation 

The radiation from an aerial may be regarded as a suc
cession of concentric spheres of electric force or strain of 
ever-increasing radius, mo~ing outward from the aerial 
at a constant speed. This distribution of electric force 
surrounding the aerial and extending over what arc some
times astonishingly grea t distances is known as the electric 
field. For many purposes it is convenient to suppose that 
an electric field is made up of " lines " of force, am! the 
direction of these lines will indicate tl1e direction of the 
electric force in any particular part of tbe field. The intensity 
of the field can be represented by the concentration of the 
supposed lines of force. 

ln the spherical field produced by a transmitting aerial 
the lines of force will have a form similar to the lines of 
longitude on a globe, the aerial being collinear with tbe 
polar axis. At increasing distances from the aerial the lines 
of force will approximate to parallels over sufliciently large 
areas of space that to a practical receiving aerial they will 
present a uniform distribution of electric field over the region 
occupied by the capture area of the aerial. 

At right angles to the electric field and inseparable from 
it, is the magnetic field, which is likewise conveniently sup
posed to be made up of lines of magnetic force. These two 
forces form a wave whicb travels outward at approximately 
the speed of light, i.e. 186,000 miles per second (300 x 106 

metres per second). The exact velocity depends on the di
electric constant of the medium through which the wave 
passes. 

Since the current in the aerial is alternating in direction 
at a high frequency the electric and magnetic fields arc 
similarly alternating at the same high frequency, and the 
distance i11 space between successive peaks of field intensity 
will vary according to the rate of alternation of current in 
the aerial. The distance along the direction of p ropagation 
between two points at which the instantaneous field intensity 
is equal in pbase and pract ically equal in amplitude, is called 
the waveleugtb ,\. This is related to the frequency of 
alternation/by the simple equation: 

,\ ( velocity of propagation (m/sec.) 
metres) = /(cycles per second) 

-faking the velocity as 300 x 106 metres per second, this 
relationship becomes: 

300 
" (metres) = f (Megacycles per second) 

The amplitude of the field intensity at the two point.s 
separated by one wavelength would be exactly equal but for 
the gradual fall in intensity as the wavefront moves further 
from the transmitting aerial and the power per unit area 
decreases. 

A sinusoidal voltage in the transmitting aerial is continu
ously varying through a peak value in one direction, 
falling to :zero, rising to a peak in t:he reverse direction and 
falling to zero again i11 each cycle, and in an exactly analogous 
manner the field strength al any given point remote from the 
aerial will undergo a cyclic change. How this induces a 
corresponding sinusoidal current or voltage in a receiving 
aerial is illustrated in Fig. 12.l (n). Spherical waves repre
sented by the curved lines arc radiated from the transmitter T 
and reach tbc point occupied by the receiver R. The sketch 
gives an instantaneous view of the field of electric force at the 
moment when the wave-front corresponding to a voltage 
peak at the transmitter has just reached the receiving aerial, 
and at this instant the electric and magnetic fields in the 
small section of the spherical wave-front in which the 
receiving aerial can be represented by Fig. 12.l(b). A quarter 
of a cycle later the front corresponding to zero inte11Sity wit I 
reach the receiver, and after another quarter-cycle the wave
front correspoudiog to the opposite peak will arrive: at this 
moment the electric and magnetic fields will be reversed as 
shown in Fig.12.l(c). As the succession of wave-fronts passes 
the receiving aerial so will a sinusoidal current be induced 
in it. 

Ill each o f these imaginary spheres the phase of the electric 
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Fig. 11.1. Tho olc.ctric fi e.Id force ra.diatcd from a transmitting 
3erial. In (a) the spherical waves emanatine fronl the transmit:ter 
Tare shown arriving at a l"eccivcr R. Th e ptatterns shown in {b) and 
(c) reprcient the electric and magnetic fields (which are: mutually 
:it right angles) in a small ar&a of the spherical wave-front arriving 
3t R. The reversal of si1n corrc.sponds to the reversal of the direc; .. 
tion of current in the tran1mittine aerial. If the patterns are ttke:n 
to represent peak values of electric (and magnetic) force there is 
a time-lapse of one half-cycle between \b) and (c). It s hould be 
noted tht (b) and (c) ue in a plane :it roght angles to the plane of 

di3g•am (a). 

tor magnetic) force is uniform even though the wave-front 
may extend several miles up into the sky, but of course 
this does not mean that the intensity is uniform. The inten
sity, or field stre11gth, at any part or the wave-front can be 
diminished by absorption, or a/le1111atio11. 

Ideally, where the wave is propagated in "free space," i.e. 
where it is unaffected by the proximity or the earth and the 
various influences or its atmosphere, it would be a simple 
matter to calculate the field strength at a remote point since 
in these circumstances the intensity of the electric field is 
inversely proportional to the distance from the transmitter 
(and the power or energy density is inversely proportional 
to the square of the distance). 

Near the earth's surface, however, the situation is very 
complex, and it may be necessary to take into account a 
large number of factors such as the frequency, lhe time of 
clay, the season, the location o f the station a11d the nature 
of the terrain. Jn face there are so many variables, some 
o r them unknown or incapable or measurement, that the 
prediction of the received field strength often becomes a 
mailer of est imation based on statist ics. 

Polarization 

The waves arc said to be polarized in the di rection of (or 
parallel to) the electric lines of force. With wire or rod 
dipoles the polarization is parallel to the length of the 
aerial and, since for convenience all dipole aerials are either 
vertical or horizontal, the radiation is in all practical cases 
either vertically or horizontally polarized. 

When waves from such aerials propagate in free space 
their sense of polarization remains constant and they will 
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appear either vertically or horizontally polarized to the 
receiving aerial , which must then be orientated to the same 
polarization in order to receive maximum signal. In practice, 
free space conditions arc not often achieved, and the mecha
nism of propagation of the wave depends upon reflections 
and bending at intermediate points between the transmitting 
and receiving aerials. This is particularly so al v.h.f. under 
abnormal weather conditions, and at h.f. when reflection 
from the ionosphere is involved. In such cases, the resultant 
wave arriving at the receiving aerial is in fact the sum of a 
number of different linearly polarized waves which arrive 
wi th varying ampli tudes and relative phases. Under such 
conditions the resultant wave may be linearly polarized but 
in a sense somewhere between vertical and horizontal, or 
more often elliptically polarized, that is to say the magnitude 
and phase of the resultant electric field vector is constantly 
changing such that, to the receiving aerial, the resultant 
vector appears to trace out an ellipse. In terms of the direc
tion of polarization only, it can also be said that to the 
receiving aerial the polarization of the incoming wavefront 
is linear but has constantly rotating sense. 

A special case of elliptical polariza tion occurs when the 
resulta nt wave is made up from two waves of equal magnitude 
which arc constantly 90° out of phase. Jn this case the magni
tude of the resultant electric field remains constant but the 
polarization rotates at a constant speed equal to the speed of 
propagation of the waves: such a wave is then said to be 
circularly polarized. It can be artificially generated by such 
aerials as the helix and axial-fire crossed Yagis (see Chapter 
14-V.H.F./ U.H.F. Aerials), and should be received in such 
cases by a circularly polarized aerial of the appropriate sense 
of rotation. The use of a circularly polarized aerial for 
general transmission and reception at h.f. is to be recom
mended where possible, since such an aerial offers the best 
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el eccric field. The plane of the approachln1 wavefront is in the pa1e. 



compromise solution lo lhe randomly 
varying elliplical polarization experienced 
by waves undergoing ionospheric propaga
tion and reHection. This arrangement is 
sometimes known as "polarization diver
sity " and is described in detail in Reference 
[2]. 

The different modes of polarization arc 
illustrated in Fig. 12.2 which is drawn in 
terms of the direction in space of the electric 
field vector in the wavefront which is 
approaching "out of the page," i.e. as 
seen by the receiving aerial. 

The mechanism by which waves passing 
through the ionosphere are split up into 
diffe rent components to give the result of 
random polarization on the downcoming 
wave is a function of the interaction 
between the earth's magnetic field and the 
ionosphere. A detailed explanation is 
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readers requiring more informat ion 0 11 Fla. tl.l . The rela~io~ship '?'varying frequ encies between the terminated voltage at t ho 
the subject are recommended to study the receiver and the incident field strength on a halfwave d ipole fed with a p erfect feeder. 

behaviour of ordinary and extraordinary waves in Reference gain over the standard half-wavelength dipole; any losses in 
[!]. the practical feeder used must be subtJ11cted. 

Field Stre ngth 

The intensity of a wave is generally stated in terms of 
volts per metre of space. This wi ll be the strength of the 
electric lines of force at the receiving aerial (i.e. at right 
angles to the direction of propagation). Field strengths 
normally range from low values of one microvolt per 
metre to high values of 10-100 millivolts per metre. 

At first sight it would appear that the greater the length of 
the receiving aerial the greater the current induced by the 
field. This is true only up to the point when the wire is 
approaching a half-wavelength in electrical length. The 
reason is that the induced current-flow in the aerial moves 
at a speed rather less than that of the wave in space. There
fore the " distance" covered along the wire cannot be more 
than a half-wavelength before the electric field in the sur
rounding space has reversed and caused the current-flow to 
reverse. Thus in a wire several wavelengths long the current 
will, in effect, be divided into several short palhs of a half
wavelength. Since the field st rength is stated in terms of 
volts per metre it fo llows that the current induced in an 
aerial for a given field strength will be proportional to the 
wavelength. 

For a half-wavelength dipole aerial, the open circuit e.m.f. 
inrl uced at its centre is given by the expression: 

.\ 
e = Ex -

where e = e.m.f. at centre of dipole in volts 
£ = field strength in volts per metre 
,\ = wavelength in metr~ 

... (i) 

lf this aerial is connected by a perfect feeder to a receiver 
,vhich correctly terminates the feeder, the " terminated " 
voltage available at the input to the receiver wil l be e/2, 
appearing across the input resistance I~ of the receiver 
(typically 75 ohms for a coaxial line input, 300 ohms for a 
balanced input). To the expression (i) may be added any 
increase in signa I obtained by using an aerial cxhibi tingsome 

It is customary in practice to define fie.Id strength in terms 
of a level in decibels relative to a field strength of I microvolt 
per metre. A field strength of 1 millivolt per metre would 
then be defined as +60db. Using such a notation, it is a 
simple ma tier to calculate the voltage at the receiver termina
tion in terms of the received field and the receiving aerial 
parameters. F ig. 12.3 gives the relationship of expression (i) 
plotted for di fferent frequencies, as ratios in db, between the 
field strength and the " terminated " voltage at the receiver. 
Using this graph, it is possible to assess the overa ll perform
ance of a receiving aeria l system very quickly. If the ratio 
from F ig. 12.3 is X db, the aerial gain relative to a half
wavelength dipole Y db, the feeder loss Z db, and the field 
stre1\glh S db, then the actual voltage at the receiver termin
als is given by: 

Jl (db) = s + x + y - z ... (ii) 

Example. At 70 Mc/s the field strength is stated to be 100 
microvolts/metre. A three element Yagi aerial is employed 
with a gain of Sdb over a half-wave dipole; the 100 ft. of 
coaxial feeder has a loss of 2db. What is the input voltage 
at the receiver, measured across 75 ohms? 

S = + 40db relative to I 1<V/m. 

x - - 3·5db 
Y - + S·Odb 
z - 2·0db 

Then V -= 40 - 3·5 + 5·0 - 2·0 = 39·5db relative to 
I µV. The receiver input voltage is therefore 94 microvolts. 
measured across the 75 ohm input to the receiver. 

Height Gain 

On high frequencies particularly, in addition lo the waves 
received by the direct path between transmi tter and receiver, 
there will a lso be incoming waves which have been renected 
from the ground or other relatively large objects. Since these 
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Fig. tl.4. 1nterforencc between di rect and indif"cct (renccted) 
rays. The strength or the received signal d epends on the phase 
difference between tho two rays when they nrrlva at the rece?ivcr 

and o n their respective intens iti es. 

rellcctccl waves travel over a rather longer distance, their 
time of arrival is slightly later than that of the direct ray. 
Thus they produce interference effects with the direct waves 
and cause the received signal to increase or decrease accord
ing to local phase relationships: sec Fig. 12.4. 

The interference pattern produced between the direct ray 
and the ground reBected ray of Fig. J2.4, when the height 
of one of the aeria ls is varied, gives rise to the phenomenon 

(a) 

(b) 

(c) 
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Fig. 11.5. The effect of around profilc on direct 3nd indirect rays. 
(:i) Line>ar height rain. (b) Marginal height gain. (c) R;ipid heicht 

g01.in. (The Vertica l scale has been exaggcr:ucd in each case.) 
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of height gain. lt explains in precise terms exactly why the 
signal received by an aerial by a nominally direct path, i.e. 
with no ionospheric renection, increases when the aerial 
height above ground is increased. The explanatio11 docs not 
hold for waves propagated through the ionosphere, or by 
anomalous tropospheric means, and is therefore applicable 
only to " normal " propagation at frequencies above 30 
Mc/s, i.e. in the v.h.f. bands. 

The three basic arrangements for receiving and trans
mitting aerials, and the int·ervcning ground, are illustrated in 
Fig. 12.5. The classic plane-earth case is shown in Fig. 
12.S(n), and lUlder such conditions the signal received at the 
distant aeria l is given by the relationship: 

hrhR 
e = co11sta111 x M' ... (iii) 

where hr = height of transmitting aerial 
hR ... height of receiving aerial 

A = wavelength 
d = distance between aerials. 

In this expression, the derivation of which can be foimd in 
Reference [ I ), hr, !in and d must all be in the same units, and 
d must be much larger than either hr or hn (by a factor of at 
least JO): this is usually the case in practice. 

From expression (iii) it is clear that an increase in either 
hr or hR will result in a corresponding increase in e, and 
doubling the height will give an increase of 6db. This is the 
6db "height gain" rule. It is worthwhile noting that for 
each 6db improvement the height must be doubled, so there 
soon arises in practical aerial systems a p hysical limit 
beyond which the added complexity of raising tl1c aeria l docs 
oot pay sufficient dividends to make it attractive. 

The" classic" case of Fig. 12.S(a) may be considered that 
of the average v.h.f. station. In the same terms the case of 
Fig. 12.5(b) may be considered that of the " portable" 
v.h.f. operator who has selected a good site. Herc, the 
aerial height above immediate ground is relatively small 
compared with the effective height above the ground level at 
the point where the indirect ray is reflected from the inter
vening ground. Expression (ii) now becomes: 

h'r· h'n 
e = constant x -r ... (iv) 

where h'r and h' Rare the effective heights of the two aerials. 
There is still height gain to be achieved by increasing aerial 
height locally, but not at the same rate as in the first example. 
To obtain a gain of 6db ii is necessary to double '1' R, and this 
will requi re a many-fold increase in "R· Jn the limit it 
clearly becomes not worthwhile seeking any great aerial 
height : this is often the case for portable stations on hilltops, 
when the increased loss in the feeders is less than offset by the 
small additional signal to be obtained by raising the aerial. 

ln the third case, that of the poorly sited station whose 
aerial is just able to sec over the surrounding higher ground, 
the reverse of case (b) appl ies. The effective height h' n is 
much fess than '111, and a small increase in the height of the 
aerial is required to bring massive improvements in signal 
level. 

In most cases, stations ::ire situated in locations which 
provide examples of each condition in different directions, 
and the individual operator must make his own assessment 
of the likely all-round improvement to be obtained by 
increasing the height of this aerial system. 

It is also possible under certain topographical conditions 
lo observe the phenomenon of " inverse height gain." This 



occurs usually in areas of rugged and steep slopes, where the 
indirect ray is reflected from an inclined ground plane, and 
arrives in such a phase as to cancel the direct ray at certain 
receiving aerial heights. In such cases an increase of height 
may move the aerial into such a region, with a resulting fall 
in signal level. This is usually found to occur over a limited 
range of aerial height in any one location, and can be 
avoided by careful selection of the optimum aerial height by 
experiment. 

MODES OF PROPAGATION 

The mechanism by which radio waves are propagated 
from point A lo point B on the earth's surface varies accord
ing to the frequency employed. Although the divisions are 
not precise, it is possible broadly to divide the spectrum into 
three parts. 

Frequencies below 2 Mc/s tend to propagate as surface 
waves over the earth and arc said to be subject to ground wa11e 
propagation. Jn the range 1-70 Mc/s, long distance propaga
tion is entirely by means of reflections in the ionized layers 
high above and surrounding the earth : this is termed iono
spheric propagation. For frequencies a bove 50 Mc/s the 
effects of the ionosphere arc less uniform and regular and 
both normal and anomalous propagation is governed 
largely by the mctcrological conditions in the troposphere. 
such propagation is therefore termed tropospheric. 

In addition to the normal propagational mechanisms, it 
is also possible to exploi t certain specialized techniques for 
long range communication. These are dealt with later in this 
chapter. 

Ground-wave Propagation below 2 Mc/s 

The lowest frequency band used by amateurs is at the 
upper limit where useful and consistent distances may be 
covered by the ground wave, both by clay and by night. 

In general a receiving aerial will respond to radiated fields 
originating as waves arriving from different sources. It can 
receive waves which clcsce1td from the ionosphere after re
flection, waves which descend from the troposphere by 
refraction and waves which arrive directly from the trans
mitting aerial. The first lwo classes arc unaffected by the 
presence or the earth (except as discussed la ter), and it is the 
third group of nominally direct waves which are subject to 
modification by the earth's presence, and are normally 
known as the gro1111d wave. 

The first part is the field resulting from the sum of the 
wave arriving directly at the receiving aerial, and that arriving 
after reflection at the ground al an intermediate point. This 
part is generally ca lled the space wave (Fig. 12.6). The other 
part of the ground wave is in fact a s111face wave which is 
guided along the boundary formed by the earth's surface in 
much the same way that a transmission line guides an 

Fig. 12.6. Sp3CC w:ivcs and surface wave. together making up t.he 
f:f"OUnd Yl3Ve. 

S = surface wave (wavefr.ont is normal to plane of paper). 
a - } { direct component~ 
b .,. sp:icc w ave incident component 

- rcnected component 

PROPAGATION 

Fig. 12.7. Variation of polnrixa.tion of the ground wave field with 
angle of azimuth around a horixontalfy polarized dip ole. 

h ~ hei1ht of horizont:>f d i polo abovo renecting plane 
Jn direction A . field is entirely horixontally polarized 
In direction B, fi el d Is entirely vertically polarized. 

In direction C, field is ollip tically polarized. 

electromagnetic wave which propagates along it. As this 
wavefront passes over the ea rth's surface, energy is extracted 
from it to supply losses in the ground and it, therefore, 
suffers attenuation which is a d irect fllnction of the physical 
constants of the grotmd over which it is propagated. For 
aerials which arc electrically close to, or, in the case of 
verticals, at lhc earth's surface, the path geometry is such 
that the direct and indirect components of the space wave 
virtually cancel out at the receiving aerial, and the major 
contribution to the received field is from the surface wave. 
The cancellation of the space wave arises from the 180° 
phase shift which the indirect component receives at the 
point of ground rcOcction- this is considered in more detail 
later. 

The expressions for the value of the space and surface 
waves are very complex, even in the simplified form derived 
by Norton from the original Summerfeld equations. A 
detailed explanation is given in Section 16.03 of Reference [I] 
but it will suffice here to say that the surface wave expression 
differs for the case of vertically and horizontally polarized 
aerials. In the case of vertically polarized aerials, the surface 
wave is entirely vcrlicnlly polarized in all directions of 
azimuth, and is reduced by nn attenuation factor F, which 
is a function of distance, and of lhe ground conductivity, and 
generally increases wilh decreasing ground conductivity. At 
near-in points, f vtlrics exponentially with distance but at 
greater distances varies inversely as the square of the distance. 
In the case of nominally horizontally polarized aerials, close 
to the earth's surface, the surface wave varies in polarization 
with the direction in azimuth, being horizontally polarized 
in the directions at right-t11<glcs to the aerial, elliptically 
polarized at intermediate directions, and completely vertic
ally polarized off the ends of the aerial. The actual magni
tude of the wave will, of course, vary with the horizontal 
radiation pattern of the aerial, and in general will be a 
maximum in the direction in which it is horizontally polar
ized, and decrease to a low value in the direction in which it 
is entirely vertically polarized. 

These variations of polari7..ation arise from the fact that 
the surface wave from the horizontal aerial is made up of 
two components, one vertically polarized and one horizon
tally polarized, and varying in value differentially with the 
angle of azimuth, the one being zero at right-angles to the 
aerial, and the other zero in the line of the aerial (Fig. 12.7). 

The vertically polarized term is subject to the same 
attenuation factor Fas before, but the horizontally polarized 
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space. Al night particularly, ex
tended range will be oblained on 
these frequencies by ionospheric 
reflection and considerably higher 
field strengths obtained. The varia
tion of field s trength with distance 
is also illustrated in Fig. 12.8 which 
is drawn fo r propagation a t 2 Mc/s 
over land of various conductivities 
and over the sea. The fie ld strengths 
shown apply to a perfect short 
vertical aerial radiatii\g a power of 
I watt over a perfect ground return 
and arc lhus applicable only to 
vertical polarization. T he corres
ponding field strengths for hori
zontally polarized signals will be 
proportionately lower as shown in 
Fig. 12.9. In practice signals from 
160 metre amateur stat ions may be 
as much :is IOdb lower than those 
quoted owing to the inefficiency of 
the aerial and ground systems em
ployed. 

........ 
~ "- ..... "r--. 

10 
II)> 
0 =-_J 0 

""- ..... "r--. I' ~ 
I'.. 

10- ll E.H.U. r--.1' I' 

~~""' 8 - SEA WATER - CONDUCTIVITY = 4 • 

" r- b - GOOD LAH O - COHOUCTI VITY .. I x 10-IJ E.H.U. 
r ~ '\ 

._ C - AVERAGE LANO-CCllOUCTIVITY = J x 10-ll £.M.U. r f'.-
d - POOR LANO - CONDUCTIVITY - I x 10-ll £. H.U. "''\ I I I I I I 111 I I I 

..., 
~ 

-10 

-20 

-JO 
I 4 5 10 20 JO 40 50 100 zoo 

Ground wave propagation is a very 
complicated subject, and even the 
foregoing explanations only skim the 
surface. A more detailed explana
tion of ground wave propagation 
can be fou nd in References [I] and 
[8). 

DISTANCE (k• ) 

Fig. 12.6. Vnrl3tion offiold $trength with dista.n co, and w ith grou1HI 
conductivi ty, for l Mc/s vertkally poJari:z:cd transrniuion. Th e 
curves refe r to l ~ nd of poor. mod cr11te. and good condueci vity, and 
a lso t o prop:ic:ition over the soa. The fiield strengt h is that laid 
down by a perfect short vertical aerial r;id iating a power of J watt. 

term is subject lo an attenuation factor G which is re la ted to 
F by the expression: 

F 
G= ( . r £, + }X -

where er = permittivity of earth in e.S.t!. 
18 x 1030 

x := --!-:---
() = conductivity or earth in e.m.u. 
f = frequency in Mc/s. 

... (v) 

T hus for lower frequencies, or for greater conductivities, 
G will be very much smaller than F, with !he result tha t. the 
horizonlally polarized surface wave wil l attenuate much more 
rapidly wilh clis liUlcc than the vertical ly pola ri zed one. This 
is ~enera lly !he case at frequencies below 2 Mc/s nnd normal 
ground conductivities. On frequencies over 2 Mc/s the 
ground-wave attenuation becomes greater and ionospheric 
reflection becomes more important. 

The e1Tcc1ivcncss of ground-wave propagation depends 
lar~dy on the conductivity and dielectric constant of the 
soil over which !he transmission path extends, being a t its 
best over sea water, and at its worst over old rock layers. 
For a given palh and radiated power the signal wi ll be 
stronger at lower frequencies. 

Field strengths for ground-wave propagation have been 
measured over a wide range of conditions, :ind within 
certain limits it is possible to predict performance rc;1sonably 
acctu·atc ly. T hus Fig. 12.9 shows the effect of the :utcnualion 
over average soil of 1 Mc/sand 2 Mc/s waves, vertica lly and 
horizontally pola ri zed, compared with propagation in free 
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Ground Effects above 2 Mc/s 

Although the propagation of ground waves, or more 
accurately the ground surface-wuve, at frequencies much 
above 2 Mc/s becomes of decreasing importance due to the 
disproportionate increases in attenuation with frequency, 
the ground still plays a part in communication by means of 
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Fig. 12.9. Attenuation curves for I Me/s nnrl 2 Meis ground waves. 
ref:ttive to the u free space " field strongth :lt a distance of 10 miles 

from the transm;ttcr. 



ionospheric reflections. Tbe radialion launched upwards 
towards the ionosphere at the required angle to achieve the 
intended distance is made up of 1hc direct and ground re
flcc1ed rays leaving the aerial system which musl be creeled 
over the ea1ih. The way in which these cancel an d reinforce 
according to the angles involved lo give rise to the vertical 
radiation pattern of 1he aerial is covered in Chapter .13-
H.F. Aerials. 

The assumption is usually made thal !he ground dircc1ly in 
fronl of the aerial for several wavelengths is a perfect 
rcllec1or and that the ray is reflecled from its surface wi thout 
altenuation or random phase shifl. This is not the case in 
practice and the indirect ray is affected by the physical con
stanls of the ground to some degree depending upon the 
polarization. Rays which are horizontally polarized are 
reflected with some small degree of attenuation and with 
approximately 180° phase shift, irrespective of the a1\gle of 
incidence upon the ground, but rays which are vertically 
polarized suffer considerable attenualion and rapid varia
tions of phase shift between 5° and 180°, at certain angles of 
incidence within a critical range. T hese arc low angles 
approaching grazing incidence and consequently the very 
angles at which maximum radiation is required for long range 
ionospheric propagation. The phenomenon of polarii.ation 
discrimination described is known as the pseudo-Brewster 
effect, and a ful l treatment may be round in Reference [8]. 

Ionospheric Propagation: 1-70 Mc/s 
The frequency range of 1-70 Mc/s covers the Jo,1cr and 

upper limits where ionospheric reflection is the controlling 
factor in the propagation of waves over distances which may 
encircle the globe. 

Propagation o f radio waves is mainly the result of single 
or multiple relleclions from ionized regions in the upper 
atmosphere. These ionized regions are generally found 
at heights of 100-400 km. (60-240 miles) and arc known 
collectively as the io11osphere (Fig. 12.10). At these hcigbts 
the rarified air is partially ionized by the sun's radiations, 
i.e. some of the molecules arc converted into ions and 

Exosphc n 
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Fir.. ll.10. The earth ls s urrounded at various Meso~sphc~tOO 
he l3hts by so-call ed l:iyers of ioni:r:ed ~as, 
and tha region in wh ich these exist is known 
as t he lonosphero. 0 thcr regions of the :it-
mosphcre are give n various names according lonospht:rc 
to their dominant properties and ch3r:\ctcr- f--200 
istics. The vertical sca le is shown gr3dcd 
in su ch a way a.s to illustrate more c l e~v ly 
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free electrons, and after sunset there is a gradual recombi
nation o r the ions with the electrons. 

The degree of ionization is not constant with heigh! and 
there arc " layers " of more intense ionization. The ac1ual 
heights of these layers vary from day to night and with the 
seasons, and to a lesser degree continuously. There arc, 
however, three regions of chief importance. These arc 
the E-layer at about 120 km., the Fl-layer at 200 km. and the 
Fl-layer at 300-400 km. Al night and in mid-winter the 
Fl and Fl layers combine to form a single layer at 250 km. 
Below the £-layer there is a D-laycr or region (a t 50-90 
km.) which generally is more important as an absorber 
than as a reflector or radio waves since the a ttenuation 
at I his a ltitude is somewhat greater. The approximate heights 
of the various layers arc shown in Fig. 12.10. 

The theory of io11osphcric reflection is a complex subject 
and will not be dealt with here. In brief, a wave can be said 
to undergo reflection when on reaching a suitably ionized 
region it sets in motion the free electrons which then move 
in a similar manner to the electrons in the transmitting 
aerial and " re-radiate " (i.e. reflect) the wave in a changed 
direc1ion. 

As the frequency is increased, a greater degree of ionization 
is necessary to cause reflection. The Fl-layer normally has 
the greatest degree of ionization and therefore reflects the 
highest frequencies. Patches of intense ionii.at ion in lhe 
form of clouds can, however, occur at £-layer height, 
especially in summer, and on certain occasions they will 
reflect radiation at frequencies well above the limit for normal 
Fl-layer propagation. The phenomenon is widely experienced 
on 28 Mc/s, and is not unknown at 145 Mc/s. By reason 
of their nature these local layers or intense ionization are 
termed sporadic-£. 

Sunspots 
The solar radiation responsible for ionizing the atmosphere 

is continuously varying. A relationship has been found 10 
exist be1ween the number of sunspots appearing at any one 
time and the degree of iouizatio n. This sunspot ac tivi ty 
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Fig. 12.11. Sunspot activity from 1900 to 1960. 

occurs cyclica lly in a complex manner. There is a basic 
cycle reaching peaks of maximum activity once every 9-13 
years, but these peaks (and the in tervening minima) arc 
themselves subject to considerable variation from cycle to 
cycle, typical values of maxima and minima being shown in 
Fig. 12.11. These variations in sunspot activity arc faithfully 
followed by similar variations in the density of atmospheric 
ionization. 

A shorter term variation in ionospheric conditions is 
related to the period of rotation of the sun about its own axis, 
being approximately 27 days. The effect is most pronounced 
during the appearance of a very large spot on the sun's 
surface, and gives rise to the ionospheric storms described 
below, which have a distinct tendency to fo llow the 27 day 
cycle. T he seasonal effect due to the earth's movement round 
the sun and the tilt of its a,xis is a lso a major factor in that 
it causes considerable variations in the layers to occur in 
different parts of the world at a given time. 

In addition to the ionizing radiations, the sun occasionally 
emits particles which arise from vast eruptions on its surface. 
On arrival at the earth, particularly in the polar regions, 
tbesc particles tend to obliterate the ionized layers, the 
effect being most marked in the F-region. Thus communica -
tion may be interrupted for periods of a day or two over 
certain paths. This condition is known as an ionospheric 
(or magnetic) storm. Auroral displays are prominent at these 
times, and radio waves in the frequency range 10-200 /\k/s 
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wiU be reflected back from the auroral z.one modulated with 
a characteristic flutter which precludes all but c.w. as a means 
of communication. The degree of reflection is greater at the 
lower frequencies, being relatively common at 28 Mc/s, and 
somewhat infrequent at 145 Mc/s even under sunspot 
maximum conditions. It is interesting to note that the ex
istence of a visib le auroral display by no means signifies the 
presence of auroral reflection of radio waves. Although 
exci<ed by the same solar condition, they tend lo occur at 
different and not necessarily related times. A full analysis of 
auroral propagation is contained in References [5], [6] which 
describe the mechanism in detail, together with results of a 
long term experimental survey commenced in 1957 by the 
RSGB as part of its programme of contributions to the 
lntemational Geophysical Year. Further reference is made 
later in this chapter under the section deaHng with modes of 
"scatter." 

lonospheric storms are often preceded (by approximately 
two days) by what are called sudden ionospheric disturbances 
(s.i.d.). Under these conditions "squirts" of abnormally 
strong solar ultra-violet radiation cause intense ionization 
in the low D-layer and waves a rc absorbed before reaching 
the F-region or arc reflected at short distances. Thus long
distaace communication is subjec< to fade-outs or an hour 
or two. 

In addition to the modes of propagation described in the 
foregoing paragraphs, there arc certain second-order 
effects. These arc ionospheric scatter and meteor-trail 
scatter, and a brief account of them is given later in <his 
chapter. 

Maximum Usable Frequency 

The maximum freq uency which is reflec<ed by the iono
SJ>hcrc over any particular path is known as the maximum 
usable frequency (111.11.f ). It has been found to depend on 

(a) time of day, 
(b) season, 
(c) latitude, 
(d) period of sunspot cycle. 
The actual value o r m.u.f. will vary according to the layer 

which is responsible for the reflection from the ionosphere. 
For each layer, the highest m.u.f. is obtained when the ray 
path leaves the earth tangentially so that the ray approaches 
the appropriate layer at as oblique an angle as possible. This 
corresponds typically to an overall ground-to-ground dis tance 
of about ~000 km. (2500 miles) for F2-laycr propagation; or 

Fii:. 12.12. Faths of w:>vcs lc:>v
ing tangentially to the earth's 
surf:acc producinc oblique or 
gra.zina incidence at the re-
Oecdng layers. Such waves 
reach tho most dist01.nt points 
possible and thei r frequency 
is the maximum usabl e 
freque ncy (m.u.f.) lor this 
distance. For radiation at 
s teeper angles to the earth's 
s urface, tho m.u.f. is sornewhat 

lower. 



2500 km. (1500 miles) for £ -layer. At this highest m.u.f. 
any rays leaving the earth at a higher angle of elevation will 
penetrate the layer and not be reflected. To use such ray 
angles, with consequently shorter path, it is necessary to 
reduce the operating frequency. This is illustrated in l'ig. 
12.12. 

Since the m.u.f. for each layer is different, that for the £
layer being typica lly lower than for the F2-layer, it is possible 
to propagate two paths to a distant receiver by using a 
frequency just below that of the £-layer m.u.f. Due to the 
transient nature of the ionosphere, the path lengths or the 
two modes will continually be varying as the layer heights 
change and the varying phase difference between the two 
signals arriving at the receiver will give rise to deep fading. 
This is illustrated in Fig. 12.17. The restricted range of 
amateur band frequencies makes the choice of a suitable 
frequency difficult, a nd the only control that can be exercised 
is over the projection angle (Fig. 12.13) of the acria I-a 
function mainly of its height above ground. This can be 
adjusted to favour one mode and discriminate against the 
other to reduce the fadi ng at the far end. In general the 
strongest signals, i.e. least attenuation, will occur using 
frequencies just below the m.u.f. for the particular path 
distance and layer involved. 

\Vhen a wave is sent vertically upwards (i.e. angle of 
radiation 90° or " normal incidence") the highest frequency 
for which rcllcction by any particular layer will occur 
is termed the critical frequency, fo. This frequency is much 
lower than the m.u.f. for oblique incidence, being related 
approximately by 111.11.f = /o/cosrf., where cfi is the angle of 
incidence of lhe ray to the layer. At frequencies higher than 
fo the rudiation will penetrate the layer and be lost in outer 
space and will conlinue to do so as the angle of radiation is 
progressively lowered until an angle is reached at which 
reflection begins to occur. Thls limiting angle is called the 
critical wave (Ingle: see Fig.12.14. Signals will then be received 
at a distant point R2. Radiation at lower angles will obviously 
be reflected to greater distances such as R3 provided that it 
is not cut off by reflection from the upper surface of the 
intermediate layer as it descends towards R3. Tn such cases 
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fig. 12.14. The highest frequency at which radiation directed vortic· 
ally upwards from a transmitter T is reflected back to oa~th by an 
ioniz@d layer is terme d the critic-at frequency (fol· At higher fre
quencies the radia.tion penetrates the_ layer, and for sue~ ~1g:h':r 
frcquenci~s renect;1on can occur only 1f the angle of radiation " 
lowered to a sufficiently small angle: see A and 8. The near·c.st 
point at which the radiation can b~ reOectcd. back to .c~rth (Rl) 
is therefore at some distanc.o from the transmitter. Th•s. is kno~n 
as the skip distance. Inside t~is distanc-: Ct;·'· at RI) no s11nals ~ill 
be received from T by reflection. The lim1t1ng angle for reflection 
depends on the ~r~quency, being steepe_r as tho frcqu.cnc-y is lowered 
towards the lim1t1ng value f0 . The skip 1s correspondingly shortened. 

it may still be possible to reach R3 by using two-hop propa
gation at a lower frequency, and with angle of incidence such 
tbat the frequency used is below the m.u.f. for the upper layer, 
but sufficiently high to pass through the lower layer at the 
steeper angle. This point is discussed later in the chapter and 
illustrated in Fig. 12.15. At points nearer to the transmitter 
such as Rl no signals will be received by ionospheric reflec
tion but when RI is sufficiently close to come within the 
ran~e of the ground wave the signals will aga in be heard. In 
belweell there is an area of no reception and this is known as 
the skip zone. The distance from the trans mitter to the 
nearest point at which the radiation is renccted back to earth 
is known as the skip distance. Since the density of ionization 
of the layer will constantly change and its height fluctuate, 
so will the skip distance change for any particular frequency. 
Clearly there will be no skip at all when the frequency in use 
is less than the critical frequency l o for the layer in question. 
This situation is often found on the 3·5 and 7·0 Mc/s bands. 

The critical wave angle for any particular ionospheric 
layer depends upon the frequency of the radiation and 
becomes smaller as the frequency increases. Therefore 
the skip distance increases as the frequency increases 

3000 
woo 

and the rn.u.r. is the limit which 
must not be exceeded if the 
receiver is to remain in the area 
of reception just outside the 
skip zone. In other words, the 
more closely the operating 
frequellCY approaches the m.u.f. 
the more nearly docs the skip 
distance extend towards the 
receiver. The absorption at
tenuation of the reflecting layer 
also decreases markedly as the 
operating frequency approaches 
the m.u.f., so th:ll for any 
particular circuit between trans
mitter and receiver, the opti-
mum working frequency lies 

1~gg ~l~Es just below the m.u.f. for that 

Fig. 12.13. Graph of projection angle ver1us ground di stance for E and F2 layers. 

particular circuit. Any rise .in 
operating frequency or fall in 
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Fig. 12.15. Topside rcRection from tho E·layer. In case (b), the 
frequency used is above the £-layer m.u.{. at all times. In c.aso (a), 
the frequency used is above the £-layer m.u.f. at points X but below 

it a.nd hence refl ected at point Y. 

m.u.f. will resul t in a sudden drop-out of received signals 
as the skip zone extends to include the reception point. 

By reOection from the ground a wave may be returned 
to the layer two or more times and thus arrive at a more 
distant receiver by ·•multi-hop" propagation. World-wide 
distances may be covered in th is way under suitable iono
spheric conditions. 

The critical frequencies for the £, Fl and F2 layers arc 
measured con1inuously at many scientific stations in various 
parts o f the world, notably the Radio and Space Research 
Station at Slough, England, and the Central Rad io Propa
gation Laboratory in Boulder, Colorado, USA. Over a 
period of years it has been possible from these measurements 

to build up world maps of the distribution of critical fre
quency at various seasons and stages of the sunspot cycle. 
This is of va I ue because there is generally a simple but 
approximate relat ionship between the critical frequency l o 
and the m.u.f. for a particular layer. Thus for the F2-layer 
the m.u.f. for a distance of 4000 km (2500 miles) is approxi
mately three times the F2 critical frequency, and for the £. 
layer the m.u.f. for a distance of 2000 km (1250 miles) is 
approximately five times the £-layer critical frequency . 

From these factors the lo-distribution maps can be con
verted to show the m.u.f. distribution. One such typical 
map is shown in Fig. 12.16. These maps form a very useful 
basis for forecast ing, un der normal conditions, the optimum 
operating frequency for any particular path. 

It is important to understand that the contours marked 
on the map refer to the state of the ionosphere overhead at 
each point. Tt is permissible for both receiver and transmitte r 
to lie outside the region bounded, for example by the 28 Mc/s 
contour, and for communication on that band to occur 
between them, provided that the point of reflection in the 
ionospheric F2-layer lies within the region bounded by the 
contour. For long paths, the circuit should be divided up 
into a number of equal length bops, each corresponding to 
the maximum for Fl-layer propagation (approximately 
2500 miles). This involves a certain simplification of the 
problem since the effective height of the layer varies with 
lat itude being significantly greater in the equatorial regions. 

Tn the example given in Fig. I 2.J 6, it would be possible for 
a station located on latitude 10° South to communicate on 

90050~0-'--o,,,,_2_.__o_._4___,.__0~6--'--o~a~-'------"10~"'--,~2~~~,~4-~~1~6~'---1a'--~-2~0~-'---2~2--'----'24 
LOl".llL TIME 
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Fig . 12.16. A typical distribution map showing the m.u.f. for" transmiu ion from a given s ite over distances of 
4000 km. (2500 miles) using reflection from the Fl·faycr v3rics durina a. 24--hour period (local t im e). Tho map 
chanaes throughout the year (the example shown hero being the disu·ib ution in N ove mber 1941) , but it can be 
a ppl ied to transmitter sites on any latitude. T he region within wh ich Fl·layer rencctio ns at 28 Mc/s arc possible 

is sh:Jdcd. 



Fia. 12.17. A relatively low-frequency wave, which is reflected from~ 
low-alti tude fayer {1uch as the E-layer) may reach a d i,tant rocoiver 
by successive reflection between the earth and the layer. A ttenua
tion of the wave i1 relatively greater since reflection occurs at a 
low a ltitude. A hichcr .. frequency wave is reflected at a hia:he,. 
altitude and covers the distance in one hop. If the same frequency 
will propagate by rcncction from both layers, fading will occur at 

the!' dis-tant r'eceive,.. 

28 Mc/s wilh any s tation oo the same latitude at any time 
of nighl or day provided lhe distance involved was near 1hal 
of maximum Fl-layer propagation (or multiples thereof). 
With the very high m.u.f. occurring in certain regions along 
this latitude, the skip distances will be relatively short on 
28 Mc/s and the receiving station can lie within quite wide 
limi ts about each point o f nominal F2-layer return. Por day 
time transequatoriul propagation, as for more temperate 
latitudes, the scope is less and the distances more c ri tical, 
while for transequa torial propagation at night, the limit will 
be single hop propagation, with a fair chance of deep fading 
as the skip changes. 

As the frequency is reduced the reflection tends to occur 
in the lower ionospheric layers, and, particularly in the D
layer, the density of the atmosphere begins to have an 
appreciable elfecl in the absorption of the energy in the 
wave. The increased absorption is due to the higher rate of 
collision between the electrons which are set in motion by 
the wave and the air molecules. The effect is greater as the 
frequency is lowered, and the limit for any particular path 
is reached at wha t is termed the lowest usable high Ji·eq11e11cy 
(/.11.11.f). 

The m.u.f. is defined quite precisely by the limi ti ng fre
quency at which the radiation will reflect from, rather than 
penetrate, the appropriate layer, and is therefore independen t 
o f the power involved or the aerial type. If the radiation is 
not returned to earth, no amount of increase in power or 
aerial gain, o r receiver sensitivity can make it receivable. 
However, the l.u.h.f. does depend very much on effective 
radiated power, receiver sensitivity and signal-to-noise ratio, 
since it is a balance between the attenuation experienced 
along the path and the minimum readable signal detectable 
at the receiver. It is therefore usually defined for an overall 
practical circuit taking into account the equipment para
meters a t each end. As explained earlier it is also possible at 
point RI in Fig. 12..15 to lose the downcoming wave from , 
say, the Fl-layer, by reflection from the topside of the 
£-layer, if the frequency used is too low, i.e. below the m.u.f. 
for the lower layer, taking into account the angle of incidence 
of the downward wave on those layers. This occurs when the 
m.u.f. of the £-layer at point Xis very much lower than that 
point Y, permitting the ascending radiation to pass through 
at X, but reflecting it at Y. It is then possible to get effective 
two-hop Fl-layer propagation to point R2 without an inter-
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mediate grolUld reflection. Since only three efTective passages 
of the £-layer are then involved (as against four for the 
normal two-hop Fl-layer circuit) as in Fig. 12.15, the 
overall path attenuation is less and an enhanced signal is 
received at point R2. 

When tbe frequency used is below the m.u.f. of the £-layer 
at all points a normal F2-layer single hop c ircuit may turn 
into a two hop E-layer c ircuit, and the additional attenua
tion due to one further reflection at the ground and in the 
ionosphere will result in a weaker signal at the receiver. The 
use of a frequency higher than tl1e £-layer m.u.f. will ensure 
a single hop circuit with a stronger received s ignal. Th is is 
illustrated in Fig. 12.17. 

It is clear from the foregoing that the practical l.u.h.f. may 
under certain conditions be determined by the ionization 
intensity of the intervening lower layers rather than the basic 
overall circuit Joss. This is more likely to be the case when 
high powers and sensitive receivers a rc employed, which 
could normally overcome quite high absorpl ion attenuations 
in the ionosphere. 

Ionospheric absorption is much less a t night than during 
the day and therefore the attenuation of the lower-frequency 
signals (of the order of 1-5 Mc/s) a t night is very little 
different from that of higher frequencies in the 20 Mc/s 
region. Since the m.u.f. at night over a particular path will 
generally be less than half that of the daytime figure, this 
means that for night-time long-distance communication 
it is l)Ossible to use considerably lower frequencies and still 
maintain good signal strength. Broadly speaking, the m.u.r. 
for a particular path is higher during the winter months 
than it is during the summer months, but during periods 
of ionospheric storms the m.u.f. may become much lower 
for transmission in certain directions but higher in other 
directions. 

The variation of the average daytime m.u.f. over sLx 
successive years is shown in Fig. 12.18. The first year repre
sented by these records (1937) coincided with a sunspot 
maximum. and it will be noticed that the m.u.f. is exception
ally high throughout this period, whereas during the sunspot 
minimum ( 1941-42) the m.u.f. was consistently low. 
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Fie. ll.18. The curves show how tha a.vera.ac d\\ytimo m.u.r. for a ll 
directions (recorded at G6DH) varied over " period or six years 
(1937-42). Note the high winter paaks in tho sunspot-maximum 
year 1937 and the small variation as betweon winter and summer in 

the sunspot•;minimum period 1941-42. 
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!11 planning optimum working frequencies for any particu
lar time, distance and direction, it is therefore necessary to 
take all these variations into account. Readers who may 
wish to go deeper into the subject can obtain the CRPL 
monthly Basic Radio Propagation Predictions on subscription 
from the National Bureau of Standards, Washington 25, DC, 
USA. Maps of the type shown in Fig. 12. 16 are included in 
this publication. 

From a knowledge of the published F2-4000 km and E-
2000 km m.u.f. it is possible to make an estimate of the 
m.u.f. applicable to shorter path-lengths. Figs. 12.19 and 
12.20 have been prepared for the F2 and E layers respectively. 
They are idealized to the extent that they are based upon 
uniform ionization intensities along the propagation path 
and are derived from an approximate relationship between 
the maximum m.u.f. and critical frequency. They are how
ever generally applicable to one-hop transmission from the 
respective layers. The following examples illustrate the use 
of the diagrams. 

Example I. If the E-2000 km m.u.f. is 20 Mc/s, then the 
14 Mc/s skip distance is almost exactly IOOO km. 

Example II. If the F2-4000 km m.u.f. is 20 Mc/s then 
either the 3·5, 7 or 14 Mc/s bands may be used to propagate 
over a 2000 km path. In such a case tl1e 14 Mc/s band would 
be preferable, being the nearest to the path m.u.f. (approxi
mately 17 Mc/s by interpolation) and subject to the least 
attenuation. 

Explanations of the present technique for ionospheric 
forecasting and planning can be found in Handbook 90, also 
published by the CRPL and available from the National 
Bureau of Standards, Washington 25, DC, USA . 

Over very long distances the distribut ion of sunlight may 
be such that part of the transmission path is in darkness. 
This wiU of course apply particularly to cast-wes t routes and 
be of less importance on north-south routes. Over a mixed 
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light-and-dark path the m .u.f. may be much lower than that 
of the daylight zone and will usually be determined by the 
m.u.f. for the dark region of the required path. 

For a multi-hop F2-layer circuit, the procedure involves 
consideration of the Fl-layer m.u.f. a! the intermediate 
ionospheric reflection points, such points being crudely 
established by dividing the path up into a number of equal 
length F2 layer single hops, not exceeding 4000 km each, 
and using for each the value of F2 m.u.f. appropriate to that 
length of hop and for the relative posit ion along the whole 
path with respect to the varying ionospheric intensity of 
ionization. This was explained in connection with Fig. 12.16. 

In the summer mouths the determining factor in propaga
tion will frequently be reflection by the sporadic-£ layers. 
The cause of this intense ionization is not yet fully known 
but appears to be due to a combination of the usual sun 's 
ionizing radiation and another factor local to the earth's 
atmosphere. The area of the reflecting " clouds " may be 
quite small and is seldom more than a few square miles. 
Directional checks have shown that these reflecting zones 
move at vadable, and at times, quite high speeds of the order 
of 200-400 km. per hour. The m.u.f. for this Es reflection 
may at times go up to 80 Mc/sand is not unknown to affect 
the 145 Mc/s band, but as a rule it seldom exceeds 70 Mc/sin 
Europe. Optimum distances are generally 600-1000 miles in 
the 25-60 Mc/s range and multi-hop trru1smission has hardly 
ever been known to occur, presumably due to the localized 
nature of the E, "clouds." It may, however, enable a key 
reflection to be achieved at a critical poin t in a predominantly 
1:'2-layer multi-hop circui t. The frequency of occurrence 
is sufficient to cause many interference problems in Europe 
and USA between television stations situated 800-1000 
miles apart. 

The formation of sporadic-£ layers does not seem to 
follow a closely defined pattern, although there is a tendency 

28 Mc/s 

2 1 Mc/s 
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7 Mc/s 
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Fig. 12.19. Graph of single hop FZ· 
layer propagation. For any d e· 
sired dist.a.nee, all bands lying 
below the f2·4000 m.u.r. line will 
propagate successfully. The best 
one will be that closest to th e 

FZ-4000 line. 
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Fig. 12.20. Graph of s ingle hop £-layer propagation. For any particu· 
lar band , the skip distan ce is that at wh ich the £-2000 m.u.f. line 
intersects the 11 band,. curve. As illustrated, the 14 Mc/s skip will be 

1000 km when the £-2000 m.u.f. is 20 Mc/s. 

towards a 27-day recurrence. T he m.u.f. tends to be higher 
at a sunspot maximum but not so markedly as in the F
region. 

Fade-outs and Fading 
During periods of high sunspot activity two opposing 

effects occur in the ionosphere. As the earth comes under 
lhe influence of an ac tive sunspot (which may recur at 
approximately 27-day intervals owing to the rotation of 
tbe sun), the m.u.f. and the critical frequencies increase 
and eventually reach peak values. At this stage two forms 
of radio fade-out then often occur on frequencies, for which 
reflection in the ionosphere normally takes place. 

The first of these is the sudden ionospheric disturbance 
(s.i.d.) which is characterised by the abrupt disappearance 
of signals for periods of a few minutes up to an hour or 
two, but only during daylight. These disturbances have 
been found to be related to chromospheric eruptions on 
the sun. Radiation on the lower frequencies down to about 
2 Mc/s is affected lo a greater extent than very high fre
quencies over 30 Mc/s, but very low frequencies of 10-100 
kc/s undergo enhanced reflection by the D-layer. 

The second type of fade-out, which is of a more serious 
nature, occurs under ionospheric storm conditions. During 
such a storm the ionization in the F-layer is considerably 
reduced and its height is subject to great variation particularly 
over parts of the world near the polar regions. Transequa
torial signal paths arc seldom affected; in fact the 111.u.f. 
across the equator is frequently at its highest under these 
conditions. 

The ionospheric storm originates on the sun at the same 
time as the faster-moving radiations which cause the sudden 
ionospheric disturbances but in this case 1he effect is due to 
the arrival at the polar regions of slower-moving charged 
particles which take some two days to reach the earth. 
These ionospheric storms are accompanied by magnetic 
storms, a nd the earth's magnetic field then suffers consider
able variation and auroral reflection occurs. The onset 
of the ionospheric storm is generally slow, taking several 
hours to reach a maximum, and fade-outs last with d imin
ishing intensity for two or three days. The higher frequencies 
(up to the normal m.u.f.) are most severely affected. 
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The solar radiation which is causing an s.i.d. may actually 
be heard on radio receivers, particularly on frequencies 
above 20 Mc/s, in the form of loud bursts of noise or hiss. 
At times thi10 radiation is so intense that it blots out normal 
signals. 

Because of the sun's rotation period, the peak values of 
the m.u.f., the sudden ionospheric disturbances and the 
ionospheric storms all tend to show a 27-day repetition cycle. 
However, many other variations arc liable to occur between 
subsequent 27-day cycles and this period only serves as a 
useful guide. 

Fadi11g. When propagation lakes place through the 
ionosphere or the troposphere, the received waves are 
seldom constant in intensity but arc continua lly varying 
due to the changing condi tions in the atmosphere. By 
"fading," as compared with "fade-outs" described above 
is meant the relatively rapid variations which last for perhaps 
a few minutes or seconds or even short time periods. 

At any instant the fad ing chara.::tcristics may be different 
over a relatively narrow frequency band. For example, 
in telephony or television reception the sidebands may fade 
at different rate.s and depth relative to the carrier and to one 
another, thus producing bad distortion. This is known as 
selective fading. 

f ading may generally be classified under one or more of 
the following headings: 

(a) Interference fading, 
(b) Polarization fading, 
(c) Absorption fading, 
(d) Skip fading. 
Iuterference fading results from a condition similar 

to that where phase inte1fercncc occurs when two or more 
waves from the same transmitter arrive at the receiver 
over paths differing slightly from one another in length. 
Due to fluctuations in the ionosphere or troposphere
according to the frequency in use- the paths covered by 
the waves will be continually changing in length. Because 
of the irregularities of the transmission path, the wave 
fu1ally received is really the summation of a number of 
waves of relatively low intensity and of random phase. 

Such fading also occurs when different order multiple 
hop modes are propagating simultru1cously, e.g. one and 
two hop as in Fig. 12.17. 

Bad interference fading occurs when the grou11d waves 
and sky waves are of comparable amplitudes: this is, of 
course, an effect generally restricted to the lower frequency 
range. Very rapid fad ing, known as //11/ler, which is often 
experienced in Jong-distance reception a11d also frequently 
in local television reception, can likewise be attributed to 
interference effects. 

Polarization fading, as its description implies, results from 
a continuous change in the polarization of the wave reflected 
from the ionosphere. These changes arc in the main 
brought about by the effect of the earth's magnetic field on 
the ionosphere during the reflection process. 

Absorption fading is caused l>y variat ions in the degree 
of absorption as the wave passes through the ionosphere 
or troposphere, and is generally of a longer period than 
either interference or polarization fading. A sudden iono
spheric disturbance (s.i.d.) is an extreme case of this fom1 
of energy loss. 

Owing to the fact that the m.u.f. for a given path is con
stantly changing over short periods of time, a receiver just 
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within the skip distance may experience skip fading. This 
will occur when the m.u.f. temporarily drops below ihat for 
the particular path and frequency in use so that the skip 
distance lengthens and brings the receiver within the skip 
zone. Such fading can be very deep and abrupt to the extent 
that for a time the signal completely disappears. Obviously 
this kind of fad ing is more likely io occur when the frequency 
in use is near the m.u.f. 

Tropospheric Propagation: 50 Mc/s-30,000 Mc/s 

Considering a wave that is being radiated from an aerial 
relatively clos1: to the ground, as this wave travels outward it 
will be altenualed by an amount which depends on the nature 
of the soil or water and the vegetation and the buildings over 
which it passes. The attenuation wil.1 be less over water. At 
frequencies greater than 400 Mc/s, there will be an increasing 
tendency towards absorption attenuation due to the presence 
of water vapour droplets in the atmosphere. This effect is 
most marked in lhe microwave bands. 

As the wave reaches the " opi ical " horizon, which will be 
decided of course by the respective heights of the receiver 
and transmitter aerials, the! earth's curvature will cause a 
shadow effect. Under some conditions the wave will be 
rapidly attenuated beyond this point. At tltis s tage, however, 
furt her and ra1 her variable factors become important. 
The first of these is diffraction which, as witb light rays, 
is a bending of the ray path around an opaque obstacle. 
According to prevailing weather conditions the wave will 
also be refracted around the earth's curvature to a greater 
or lesser degree. Refraction can be defined as a gradual 
change in the dircc1ion of propagation caused by progressive 
changes in the dielectric constan t (k) of the medium, which 
in this case is the earth's atmosphere. This effect is important 
close to the canh 's surface, up to heights or the order of 
t ki lometre or so. In order that refraction shall cause the 
wave to follow the curvature of the earth, it is necessary for 
the dielectric constant to decrease with increasing height. 
This is the normal condition, and hence there is always so1m: 
refraction taking place, bending the waves in a favo urable 
direction. The presence of refraction under normal condi
tions is usually taken into account in propagation calculations 
by assuming r>lanc geometrical propagation in straight Jines 
over an earth having a radius 4/3 that of the actual earth. 

Changes in k will depend mainly on air temperature and 
humidity, and arc therefore directly related to the weather. 
The normal value of k is around 1 ·0003, with a decrease wilh 
height of 4 x Io- & parts per kilometre. This is an inconven
ient number to use in practice, and the more familiar unit is 
N, where N_ is given by (k-J ) x 10°. The norma! surface 
value of N 1s then 300, and the lapse rate 40 per kilometre. 
T he surface value of N can vary between 270-350, from 
cyclonic to anticyclortic weather conditions. The lower part 
of the atmosphere where these effects are important is known 
as the troposphere: see Fig. 12.10. 

If, as occurs under certain weather conditions, there is a 
sudden diminution in le with height, l'ejlection of the wave 
wi ll lake place al the boundary between the two air masses 
concerned. 

The passage of a wave over a relatively long path (50-500 
miles) can afford several opportunities for reflection and 
refraction a t differing regions of the troposphere, due to the 
continually changing values of k along the path. Even under 
relatively stable weather patterns there will exist isolated 
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regions of air of differing dielectric constan1, from which the 
signal will scatter in random fashion, the various components 
adding up to give enhancement of the signal al the dislani 
receiver. Under these conditions the path length (giving the 
s1rongest received signal) is con1inually fluctuating as the 
reflection sources vary. Often the change in pat h length is 
sma ll compared wilh a wavelength, but it can become 
appreciable, leading to the rapid fading oflen associated with 
tropospheric propagation under average conditions. 

Under the appropriate weather conditions it is possible for 
a region to be established in the troposphere in the form o f a 
narrow layer of air of a certain k value trapped between lwo 
regions of lower k. This is referred to.as a tropospheric duct 
and can occur over quite long distances in a stable form, and 
al greatly varying heights, from almost ground level up to 
several hundreds of metres. A wave enleri11g this duct will 
propagate by multiple reflection along il with very low 
attenuation, being " guided " in a manner somewhat 
analagous to microwaves in a waveguide. This gives rise to 
very considerable and stable enhancement of received signals 
over periods of time up to several hours, before the duct 
disperses. This effect is most common when hot days are 
followed by rapid cooling at night under a prevailing slow 
moving anti-cyclone. 

These tropospheric effects are detected on a ll frequencies 
but are important chiefly in v.h.f. communicaiion because 
only by this form of propagation is tbe range extended beyond 
the optical horizon on frequencies above 70 Mc/s except in 
very abnormal and infrequent conditions. 

It has already been explained that the propagation of 
radio waves round the curvature of the earth is made 
possible by the fact that they undergo reflection and/or 
refraction as the result of the small decrease in the dielectric 
constant (k) and hence in the refractive index with height . 
The actual dielectric constant of un-ionized air is very little 
more than unity and the changes of k with heigh t arc 
extremely small. The presence of water vapour increases 
1he va lue of k and is indeed the main factor in determining 
the degree of refract ion and/or rellection which takes place. 
Water in droplet form, such as fog or rain, has little effect 
on metric wavelengths (1-IOm), though it causes absorption 
and scattering of centimetric waves (below Im). It is the 
invisible water-vapour content that is important in affecting 
the va lue of k. The maximum amount of water vapour 
1hat can be held by air increases witb the temperature and 
tropospheric propagation effects are therefo1c more marked 

TABLE 12.1 
RSGB BEACON STATIONS 

Details of beacon stations operated by, or on bcha.lf o(, tho Radio 
Society of Great Britain. Some of the services may b<: s ubject to 
variation and refere nce s hould be made to the currcn.,. issue o f the 

RSGB Bulletin. 

Call-sign Location Frequem;y Keying Direction 
MHz Aerial 

GB3ANG Cralgowl, Dundee 145·985 A1 s 
GBJCTC Rcdruth. Co rnwall 144·130 A1 NE 
GBJGEC Wen London 43<!·000 F1 N and W 
G83GI Strabane 115·990 A1 N •nd SE 
GBlGM Thurso, Caithness H5·995 A1 N and S 
GB3GM Thurso. Caithness 70·305 A1 N ond S 
GBlGM Thurso, Caithne.s.s 29·005 A1 Omni 
GBlSX Crowborough. Sx. 28·185 A1 E 
GBJVHF W rotham, Kent 144·500 F1 NW 
GB3GW Cardiff H4·250 A1 ENE 
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Fig. 11.21. V. H .F. a nd u.h.r. b""con station• in th e British Isles. T he 
broken arrows indicat6 t lm e·switched aeria ls. 

in warm moist ai r than in cold dry air. Because the tempera
ture of the atmosphere lapses with height at some 6·5°C. 
per kilometre (i.e. 2°C per 1000 ft.), the moisture content 
or humidity, becomes very low as the altitude increases, and 
therefore tropospheric propagation is mainly confined to 
the lower atmosphere at heights of up to 2km(about6000 fl.). 

A knowledge of meteorology will be found useful in the 
forecasting of tropospheric propagation conditions and 
the interested reader is advised to study the various pub
lications which are available including References (9], [10]. 
As a general guide, the main effects of weather may be s tated 
as fo llows: 

(A) For maximum extended range there should be 
either a condition of high humidity at ground or 
low level fo llowed by a rapid decrease in humidi ty 
with height or an increase in temperature with 
height (temperature inversion). Generally the two 
conditions occur simultaneously but not necessarily. 

(B) For normal coverage, i.e. no extension of range by 
abnormal tropospheric effects, a standard rate of lapse 
of temperature a nd humidity is required. This 
standard rate was defined on page I 2. 14. Occasionally, 
during conditions giving rise to a high temperature 
lapse ra te and an associated low humidity lapse rate 
with altitude, propagat ion becomes sub-normal in as 
much as unfavourable refraction occurs, reducing 
slightly the working range. T his is fairly common but 
the reduction in range is not very marked in practice. 
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Condition (A) is satisfied by line, warm anticyclonic, 
settled weather, and condition (8) by rough, cold cyclonic 
weather. Between these two extremes there will, of course, 
be intermediate weather conditions where from simple 
observation it may be difficult to fo recast radio con
ditions. 

Anticyclonic conditions, when established, oft en rema in 
much longer than the faster -moving depressions, and patches 
of favourable tropospheric condit ions may therefore last 
for a week or two. In summer and warmer weather genera lly, 
tropospheric propagation will be more reliable than in 
cold winter months. In stable w1..-ather, conditions arc most 
suitable over land for the formation of temperature inversions 
after sunset. As the ground cools off, the air in contact with 
it is likewise cooled while the a ir above remains almost 
at daytime temperature. During the day, there will be less 
turbulence caused by uneven heating of different ground 
surfaces. Over the sea there is a much smaller diurnal 
variation and conditions arc infl uenced more by the weather 
system prevailing and by the sea temperature. 

In the frequency range under considera tion, 50 Mc/s- 3000 
Mc/s, the effect of frequency on observed tropospheric 
conditions is not very marked. If, for instance, good 
conditions are observed on 70 Mc/s, conditions on 144 Mc/s 
and 420 Mc/s will be enhanced a lthough not always 10 the 
same degree. This is quite different from the case of iono
spheric propaga tion on lower frequencies. 

I t is often useful to observe the reception of television 
signals, particularly those in Band Hl {175- 215 Mc/s). Any 
suggestion of co-channel interference in the form of pattern
ing or even lockable pictures is a sure indication of the 
presence of anomalous tropospheric propagation. T he u.h.f. 
television services wi ll provide a marker to condit ions on the 
432 Mc/s band, but may not themselves exhibit severe inter
ference during band openings due to the greater frequency 
differences (the upper end of Band V extends into the 800 
Mc/s region). 

The v.h. f. sound services in Band II (88-108 Mc/s) and 
television in Band I {40-65 Mc/s) are less reliable as an 
indication of tropospheric conditiens since they are both 
frequently subject to co-channel interference from sporadic 
E ionospheric propagation. They are of course useful as an 
indication of the presence of sporadic£, but such interference 
requires to be very severe before there is any prospect of the 
E, m.u .r. reaching the 144 Mc/s band. 

ln addit ion to the use of commercial broadcast ing sta tions 
as a guide to propagation conditions, RSGB operates a 
number of beacon transmitters, mainly a t v.h.f., <lcsigncd 
and positioned to provide markers of :1 11omalous propaga
tion over several of the more likely paths in the British Isle.~. 
Some beacons use aerials beaming directly towards the:: ta rget 
areas to indicate the presence of long range tropospheric 
propagation, while others are beamed North to marl- the 
onset of auroral radio reflections. A full list of the Society 
beacons is shown in Table 12.1 and their positions and 
directions shown ia Fig. 12.21. In additi<lll certain European 
countries also have beacons in opemtion, and details for 
each country may be obtained from the respective N~tional 
societies or extracted from their journals. 

The service from Wrotham using the call -sign GB3VHF 
may also be used as a rela tive freq uency standard, being 
maintained and checked normally 10 better than 250 cycles 
per second. 

Distances covered by tropospheric propagation will , 
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Fig. 11.22. Attenuation of the received signal by a so-called standard 
atrnosphcro beyond a ho rizon of 20 mi les. 

of course, depend to some extent on the heights of the 
transmitting and receiving aerials and on power, aerial 
gains and receiver noise factor. Beyond the optical range 
and under optimum conditions, the field strength decreases 
at approximately the free-space rate (i.e. inversely with dis
tance). At limes peaks up lo 6db above the free-space 
values may be obtained. T ypical range extensions of four or 
more times may be obtained, i.e. if under poor or" standard" 
atmospheric conditions the range is 50 miles similar signal 
strengths may under good conditions be obtained up to 200 
miles or more. Fig. 12.22 illustrates the attenuation under 
" standard " and free-space conditions beyond a horizon of 
20 miles. 

As a general rule, on very high frequencies results a re not 
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materially different according to whether the aerial polariza
tion is horizontal or vertical. It is of course necessary for 
both receiving and transmitting stations to employ the same 
polarization for optimum signal transfer. This is less 
significant however when one of the stations is a mobile and 
in motion relative to the other . 

Normal T ropospheric Ranges 

By making certain assumptions, it is possible to predict 
the field strengths to be expected at v.h.f. for given ranges 
and aerial heights. The curves of Fig. 12.23 (70 Mc/s) and 
Fig. 12.24 (144 Mc/s) show the field strength laid clown at 
near-ground level for various distances and for three 
effective aerial heights over a plane earth for an e. r.p. of 
I watt. In order to calculate the field strength at the actual 
height of the receiving aerial, a correction factor, expressed 
in db and obtained from the lower curve, is added to the 
figure obtained from the upper curve to obtain the field 
strength expressed in db relative to 1 microvolt per metre. 
Example Al 144 J\lfc/s, what signal is received al a height of 
30 fl. al a point 10 miles from a tra11smifling aerial 150 fl. 
/ugh wi1h rm effective radiated power of JOO watts ? 

F rom F ig. 12.24 the ground level field strength is + IOdb 
and a further + 20db must be added for the transmitter 
c.r.p. The actual field strength is therefore 10 + 22 + 20 = 
+ 52db relative to I µ.V/m = 4001J.V/m. 

Inspection of the height gain curves shows a discontinuity 
in the slope of each at the low receiving aerial heights. Above 
the region of this change, the height gain is the standa rd 6db 
for each doubling of height or linear law explained earlier in 
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this chapter (sec page 12.4) for propagation over a plane 
earth. Below this region, the height gain is reduced because 
the received wavefront becomes increasingly subject to 
attenuation by the ground in the same manner as a ground 
wave propagated at medium frequencies. 

The heights of the transmitting aerial shown are strictly 
those above the mean surrounding terrain and so the 
curves may be applied to aerials on elevated sites with the 
aerial height calculated relative to the surrounding levels 
(h'r in F ig. 12.5(b)). 

It is also possible to use the teclUlique of insertion loss to 
estimate the level of received signals a l v.b.f. This involves 
expressing the attenuation or the path between the aerials as a 
series loss in decibels which may subtract from the effective 
gain of the station at each end of the ci rcuit. The method is 
described more fully in the section dealing with space com
munications and is coverc<l in detail i11 Reference [J 1). The 
information for tropospheric path loss over a plane earth 
shown in Figs. 12.25 and 12.26 is taken from that reference. 
The value of N (path loss in db) may be used in the formula 
stated later in lhis chapter. 
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PROPAGATION 

Propagation by Scatter 

There are times when the more orthodox modes of propa . 
gation fail to provide a satisfactory means of conununication 
and one or o ther of the various forms of propagation by 
scatter may then offer a useful alternative: these include 
tropospheric scatter, ionospheric scatter (which may be 
either forward or backll'ard), auroral reflection and meteor
trail scatter. 

Tropospheric Scatter. This is similar in character 10 

ordinary tropospheric propagation except that advantage 
is taken of small local variat ions in the atmosphere , such 
as clouds, which afford partial reflection and refraction at 
a number of isolated points along the transmission path. 
However, the a ttenuation is much greater than by the normal 
tropospheric mode and il becomes necessary to use relatively 
high power and aerials with high gains. The distances 
which can be covered in this way may be as much as 500 
miles. 

lo11osplwric Scatter. In. this form of propagation ion o
spheric " clouds " are used to provide a reflecting surface 
for low-angle radiation of relatively high frequency. The 
rellection may take place also from the ground so that by 
a series of hops the wave is propagated over a more or 
less straight line to a distant point: this is known as forward 
scatler. It is a comparatively regular phenomenon and is 
being increasingly used for communication purposes but 
like tropospheric scatter it requires high power because of 
the considerable attenuation: often the power required 
exceeds that normally permitted to amateurs. The frequen
cies employed are of the order o f the m.u.f. for the F2-layer 
or somewhat higher, and will usually Ue in the range 35-60 
Mc/s. The exact frequency will or course depend on the 
period in the sunspot cycle. 

Part ial renection may occur at acute angles from a remote 
ionospheric cloud and from the ground, and the reflected 
radiation may be picked up by a receiver located relatively 
near to the tr:msmi ttcr: th is is known as back scalier. 
It is of partic11lar interest to amateurs since it can be used 
for communication over distances within the skip zone, 

Fig. 12.27, Back-scatter propagation. A skeleton map showing tho 
probable path by which signals radi ated from PAOUM we re re
ceived at G6DH. The dmc was 14.00 GMT on a winter d ay. Both 

a.erial beams were directed approxi mately north-west. 
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especially in the 21 Mc/s and 28 Mc/s bands. For example, 
the skip distance may be 1200 miles and stations within 
this distance may not be able to establish communication 
when the receiving and traosmitting aerials are directed 
towards each other over the shortest path of, say, 100 miles. 
However, if the aerials are both directed to a distant point
of the order of 1500 miles from either station-it will be 
found that weak but consistent reflection occurs: see Fig. 
12.27. According to relatively local ionospheric conditions 
the best direction for this form of partial reflection (or back 
scatter) will change with the time of day and also from day to 
day. Therefore, both the transmitting beam aerial and the re
ceiving beam aerial should be rotated simultaneously around 
the compass in order to establish the best distant reflecting 
area in the ionosphere. Generally in the temperate latitudes 
of the northern hemisphere the best directions will be found 
between north-east through south to north-west and seldom 
to the north: sec Fig. 12.28. This is because the regions of 
higher ionization generally lie to the south in these latitudes. 
Low-angle radiation is required for this purpose 'and the 
normal Yagi beams are quite suitable. 

A11ror11/ Reftectiofl. Similar to ionospheric back scatter 
but less frequent is auroral reflection (or auroral scatter) 
from lhe auroral zones around the polar regions. This 
occurs during the ionospheric or magnetic storms when there 
is marked auroral activity, and the frequencies at which 
this kind of reflection has been known to lake place extend 
up to about 150 Mc/s. The reflected waves are generally 
characterized by a very rapid fluctuation (I 0-50 cycles per 
second) which makes telephony difficult but has no harmful 
effect on telegraphy. To make use of auroral reflection, 
directive aerials are essential and they should be pointed in a 
northerly direction in the northern hemisphere (southerly 
in the southern hemisphere). In this way communication 
can sometimes be established between stations located some 
500 miles or more apart: see Fig. 12.29. Since auroral activity 
disrupts the ordinary forms of ionospheric propagation, a 
transmission path which crosses a polar region suffers a 
complete fade-out during such periods, and auroral reflection 
may then offer a means of maintaining contact. 

J\llcteor-trail Scatter. This phenomenon is of very short 
duration, possibly Jess than a minute. When a meteor 
passes through the upper atmosphere it produces a trail 
of ioni1.ation which will, for a short period lasting from less 
than a second to two minutes, cause partial reflection of 
v.h.f. waves. Most trails are in the region of the £ -layer 

GEOMAGNETIC 
NORTH POLE NORTH POLE 
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12.29. Distribution of visible aurora in northern hemisphere. The 
contours represent the percentaea of days on which aurora were 
see n. The propacation path for commun ication by aurora.I re nection 
between Eneland and Holland is indicated. Although the rate ol 
!n~i~ence of visible aurora is related to the incidence of radio aurora, 
1t is important to note that the: presence of the ono at any .pa_r-ticular 
time doe.snot nece:.uarily mean th~t the other may also be observed~ 

(Courtesy US Not.Iona/ Bureau of Standards) 

(i.e. about 100 km) and consequently the distances covered 
are similar to those of sporadic-£ rcncction, i.e. up to 1200 
miles for forward scatter. The aerial should of course 
be directive and should be oriented in a similar manner 
to that described for ionospheric or auroral back scatter 
but generally to a point rather less distant- say 500 miles. 
The best directions vary with the time of day and the rate 
of meteor occurrence. Any frequency baod between 21 
Mc/s and 144 Mc/s is suitable, the 70 Me/s band being a 
parlicularly good one. Since bursts of reflection are of short 
duration and low intensity, high power and good aerials 
and receivers are essential. It is also necessary to pre-tune 
the receiver accurately to the transmitter frequency so that 
when a burst occurs contact is established immediately. 

The incidence of meteor activity is subject to a seasonal 
variation which is illustrated in Fig. 12.30. In addition there 
arc specific showers of extra high intensity which are given 
names. These are shown in Fig. 12.30 and it is during these 
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Fig. ll.28. T ypial day•to-day variation 
in badc:·scatter directional character· 
istics.. T he a baence of a pa.ttern on 
February 9 at 08.30 GMT means that no 
sicnals could be heard. T his was due 

to io nosphere d isturbance. 
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PROPAGATION 

their exterior with a ma1erial of 
high conductivi1y and hence 
efficient as renectors of radio 
waves. Successive experiments 
on a commercial scale have been 
carried out using very high 
transmitting powers and ultra
sensitive receivers, and signals 
have been " bounced " back to 
earth from these devices. They 
are, however, very smt1ll objects 
in relation to the distances in
volved, and it is not thought 
likely, at the moment, that 
amateur equipment is sufficient 
to overcome the high overall 
path loss incurred due to the 

Fir. 11.lO. Seasonal variation of meteor activity. The recosnixed .showers are also shown . 

very small amount of signal 
scattered back from the satellite. 
The actual mechanism of trans
mission is identical to that of 

showers that normal amateur meteor scatter contacts are 
made. Such contacts are scheduled in advance and arc by 
means of high speed c.w. using a special repor1ing code and 
repeti1ive groups during each period of sending, governed by 
a time sequence previously agreed with th~ other station with 
which the schedule is being kept. 

LONG DISTANCE COMMUNICATION 
OBJECTS IN SPACE 

USING 

The modes of propagation discussed so far in this chapter 
have been those associated witb quasi-terrestria l phenomerrn, 
e.g. the troposphere, the ionosphere, ground waves, etc. 
They all come about as a result of natural phenomena 
associated wi1h the earth and i1s immediate surroundings. 

There also exist certain extra-terrestrial phenomena, both 
natural and artificial, which can be exploited by specialised 
techniques 10 give rise to long range contacts over the earth's 
surface, but using actual path lengths often subs1antially 
longer than !hose associated even with ionospheric reflection 
from the upper layers. In the extreme cases, the distance 
covered in miles over the earth's surface between the 
transmitting and receiving stations is oegligiblc compared 
wit'l1 the distance the signal bas to travel in space. 

Although communication by these methods is determined 
very much more by the parameters of the transmitting aucl 
receiving stations than by wbat happens to the radiated 
waves passing between them, nevertheless they can be 
included within the generic term propagation. 

The techniques to be described involve either the reflection 
from natural or artificial bodies in space of radio waves 
emitted from 1hc canh, or the interrogation of some active 
arlificial device in space, which itself then re-transmilS the 
original signal in1eHigence back to earth using some different 
frequency, and possibly different systems of modulation. 

Passive A rtificial Satel lites 
Various space agencies throughout the world have 

launched, and t1re continuing to launch into space, different 
types of passive rellecting satellites. An example of these is 
the United States ECHO series, which involve placing in 
orbit around the earth various balloons which are coated on 

" moonbouncc " to be described 
la1er. The main difference lies 

in the faster tracking speeds needed for the ground aerials 
to follow the relatively fast moving satellite. 

Passive N atural Satell ites 

In addition to the various artificial earth satelli tes launched 
from time to time, there exist in the sky two natural bodies of 
sufficiently large size in relation to the distance from earth 
to entertain the possibility of bouncing radio signals from 
their surfaces back to earth. Unfortunately one of these, the 
Sun, is such a powerful source of radio noise in its own right 
that there is no possibiliry for amateurs of distinguishing 

R 

Fie. 11.ll. Basic arrana:ement of moonbounco communication. 
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signa ls among the solar rad iation which is continuously 
emitted. The other is the Moon which is a natural satellite 
of the Earth, and is in comparison with the Sun, an extremely 
quiet radio source. lt is therefore eminently suitable for 
use as a reflector of radio waves and has given rise to a 
technique known as" moonbounce." 

The basic arrangement for moonbounce is shown in Fig. 
12.31. The transmitting aerial Tis arranged to direct as much 
signal as possible at the moon. Because the moon subtends 
al the earth an angle minutely small compared with the beam 
width of any practical aerial, only a small amount of the 
radiating energy docs in fact illuminate the moon's surface. 
A certain amount of this is absorbed, and the remainder 
scattered into space in random fashion. Some of this scattered 
radiation will rclllrn to earth , and will be received with equal 
facility by any place on the earth 's surface which can see the 
moon. ll is interest ing to note that the strength of the 
received signa l docs not depend upon the earth distance 
between the transmilt ing and receiving stations, and in 
consequence moonbouncc communication is possible in the 
limit between s tations on opposite sides of the earth. 

The frequency used ror moonbounce communication must 
be sumcicnt ly high to pass th rough the ionosphere with little 
or no absorpt ion on lhe outward and return journeys. I t 
must a lso be high so that the effective scattering area of the 
moon's surface is large in terms or wavelengths, and to permit 
the use of very high gain aeria ls of reasonable physical size 
at each earth terminal. This is essential if sufficient trans-
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ELEVATION PLAll 
Fig. 12.Jl. Polar mount for moon bou nce trackinc ae:riaf. The angle 

0 is the complement or the an&le of latitude of the station. 

mitted power and receiver sensitivity is to be achieved to 
overcome the enormous losses incurred due to the extreme 
length of the effective signnl path. 

The optimum frequency for moonbouncc, or indeed any 
earth-space communication is in practice determined by the 
need to achieve best signal-to-noise ratio at the receiver in 
the face or the noise generated in space and incident upon 
the receiving aerial. This is looking up at the Moon and the 
aerial, because of its relat ively wide beamwidth, " sees " the 
regions of space a ll around ancl beyond the moon itself. The 
variation of the effective noise temperature of space with 
frequency is shown in Fig. 12.32 which shows that fre-

,_ 

quencies above 400 Mc/s are to be 
preferred. The overall rnoonbounce 
path-loss is proportional to the 
square of the frequency used, but for 
a ftxed physical size of aerial, the 
aerial gain at each e11d increases as 
the square of the frequency. The net 
overall improvement to be obtained 
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in signal-to-noise ratio is 6db for 
every increase in frequency by a 
factor of two. This does not of 
course take into account the 
increased feeder losses, poorer re
cci ver noise figure, and greater 
difficulty in generating adequate 
power at the increased frequency. 
Allowing for these, the present 
highes t frequencies used for amateur 
moonbouoce work are in the 432 
Mc/s or 1296 Mc/s bands. 
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Typical ground station equipment 
for moonbounce requires a trans
miucr output power exceeding JOO 
watts, net aerial gains of the order 
of I 5- 20db, and receivers of 500 c/s 
bandwidth and a noise figure better 
than 2- 3db. Full details of the 
required station performance can be 
found in the various rnoonbouncc 
references given at the end of this 
chapter. Apart from the need for 
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oc really high e.r.p. and low noise 

( KMc/ s ) receivers, the other requirement is FREQUENCY 
an ability lo aim the aerial system Fig. 12.32. N oise ,tcmper:'lture of space as a function of operating frequency. Th e angle is 

the elevation of th o mo.in lobe of the receiving aerial abov" the earth ho rizon . al the moon, and to follow il s 
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motion in the sky. This progression is not excessively 
rapid, being some 15° angular displacement per hour , 
and can re.adily be followed by some simple manual 
sys1em, reset from time to time as the moon sweeps across 
the main beam of the aerial, which is rarely much less than 
± 5° to the 3db points, even for h igh gain sys tems. The 
aerial should be ro ta ted about a " polar mount," i.e. an 
axis parallel to that of the earth. For a lati tude of 52° N the 
axis of roia tion of !he aeria l should lie in a N-S plane, and 
be inclined al an aglc of 38° to ihc ground. This is shown in 
Fig. 12.33. 
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PROPAGATION 

As with other communication systems involving very low 
received signal levels, maximum use of c.w. is desirable 
together with an ability to lune exactly to the known fre
quency of the o ther station. 

Moonbouncc communica tion is almost enlirely achieved 
by means of pre-arranged schedules with o ther stations, 
because of the specialised technique involved. It is most 
unlikely tha t normal operating techniques involving random 
calling will produce the desired contacts. F urther informa
tion on this subject can be found in Reference (14, 15, 16]. 
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Free-Space Path Loss 

All space communica tion 
involves calculation of the 
free space path loss between 
the ground station and the 
satellite (active or passive). 
This loss may be usefully 
described as the a ttenuation 
experienced when signals are 
sen t and received on two half
wave dipoles spaced apart by 
some given d istance. If this 
loss is expressed in decibels 
it can be incorporated into a 
single formula to determine 
the power level received at the 
far end for a given transmitter 
power, aerial gains, feeder 
losses and at a given frequency 
of operation. Power levels are 
usually expressed as decibels 
relative to l wa tt and written 
as <lbw. The received power, 
i.e. the power available 
in the receiver input resis
tance, is given by the expres
sion : 
L R = Lr + (Gr - Fr) + 

(GR - FR) - N 
Lx 
lit> = received power level in 
I. w 

T = transmitted power level 
v db w 

T = transmi tting aerial gain 
rela.tive to a halfwave dipole 
in db 
Fr = transmi tt ing aerial 
feeder loss in db 
GR = receiving aerial gain 
relative to a halfwave dipole 
in db 
GF = receiving aerial feeder 
loss in db 
N = path loss in db 

Fig. 12.34. Free space path loss as a 
function of frequency and range. 
If the nomograph d oes not cover 
the desired ranges, multiply the 
for R scale by 10• and add lO>t db 

to the path lou. 
W;th ocknowledcments co Scientific 

Al/onto /11c.). 
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Act ive Artificia l Satellites 

An "active" artificial satellite is one which does not act 
(intentionally) as a reflector of incident radio waves. It is a 
receiving-transmitting station in its own right, powered either 
by internal batteries, by derivation from a bank of solar cells 
which collect energy from the sun's radiated heat and lieht 
or by a combination of both methods, the solar power b;ing 
used to re-charge the batteries, which then operate during the 
times when the satelli te is on the " dark " side of the earth. 

The equipment on board the satellite is used to receive 
signals transmitted from the earth, and to re-radiate on a 
different frequency, often well removed from the inc.oming 
one, to be received again on the earth. The advantage of the 
active satellite over its passive counterpart lies in the effective 
power gain which obtains at the device using its own trans
mitter compared with the tremendous signal loss incurred 
when relying solely on the reflecting and scattering properties. 
For this reason the ground station equipment may be far less 
complex, requiring only modest powers aud aerials, and 
average receivers fo r use with narrowband low a ltitude 
vehicles. This should not be confused with the elaborate 
ground stat ion requirements for commercial active satellites, 
such as Early Bird, which are wide-band systems and 
require to be placed at extreme altittLdes to achicv; syn
chronous orbit with the earth, i.e. to maintain the same 
position in space relative to the ground stations at all times. 

As in the case of moon-bounce, the actual propagation 
paths involved, from ground 10 vehicle, and from vehicle to 
ground, can be considered true free-space propagation, 
assuming that the frequencies used arc sufficiently high to be 
unaffected by the ionosphere. The path losses involved can 
then be obtained from standard nomograpbs, knowing the 
vehicle height, and the ground station parameters determined 
us ing the known receiver sensitivity and transmitter output 
power of the space vehicle. Unlike the case of the passive 
satellite where the calculation of the ground-space path is 
tied up with the return space-ground path, related directly 
by the scaueriug loss of the reflecting body, the ground-space 
and space-ground path calculations for the active satellice 
are often independent. This is achieved by the use of a.g.c. 
in cbe satellite translator system, ensuring that full output 
from the satellite transmitter is obtained using a relatively 
low level of received signal from the ground station. Any 
subsequent increase of power of the transmitting ground 
station will not achieve a corresponding increase in output 
power from the vehicle or an increase in signal received at the 
far-end ground station. The lat ter must be sufficiently 
sensit ive to receive the transla tor signal when working at its 
full output power. 

As in the case of moonbounce, the frequencies used are 
usually in the 144 Mc/s or 432 Mc/s bands, although it would 
be technically possible to use the 70 Mc/s or J 296 Mc/s bands 
as well, and even 28 Mc/s during periods of minimum sun
spot activity, when the level of ionization intensity in tlie 
ionosphere is insufficient to affect such frequencies to any 
appreciable degree. 

It is desirable to employ some form of tracking on the 
ground station aerials, although this is less important than in 
moonbounce, since much lower e.r.p. and aerial gains arc 
necessary, resulting in broader lobes of radiation and 
reception. Unlike moonbounce, the target object is moving 
quite rapidly in the sky because of the relatively low orbit 
altitudes achieved, and I racking is therefore somewhat more 
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of a problem, requmng almost continual adjustment for 
optimum results. At the ti.me of preparing this edition, all 
amateur sateUites in this class have been launched in near
Polar orbits, having orbit periods (once around the earth) in 
the region of 80-100 minutes. It is therefore possible for a 
ground stat.ion to be within range of several successive passes, 
the first betng low in the sky to the cast, and of very short 
duration. The middle passes are nearly overhead, sometimes 
directly so, and therefore of longer duration fr om horizon to 

horizon, typically 20 minutes. The lase pass is then low in the 
sky to the west and again of short duration. For the more 
distant passes which achieve only low angles of elevation 
above the horizon, a convemional beam aerial rotating in a 
horizontal plane only is adequate. For the o\·erhc.ad passes 
i~ is desirable to be able to rotate the aerial in a vertical plane 
nght through 180° of arc, from horizon to vert ically upward 
and through to the other horizon. 

Because of the relatively short " pass " times and the 
limited number of channels available within tbe 'restricted 
passband of the translator, typically 50 kc/s within the 145 
Mc/s band, operation through active satell iles is usually 
restricted to c.w. and the most successful contacts have been 
made by stations accustomed to the high speed e.w. technique 
usually employed for meteor scatter work (q.v.). 

Al l active satell ites for amateur use launched so far have 
been under the control of the Project OSCAR Association 
of the USA, and the most successful have been translators 
with both input and output passband lying within the limit 
of the 144-146 Mc/s amateur band. A considerable amount 
of general and scientific information about the OSCAR 
series is to be found in Amateur Radio journals of many 
countries for the years 1963-1 966. 

Particularly useful information will be found in References 
(18) and [19]. These cover in detail the important calculations 
involved in determining the timing, direct ion, and position or 
successive passes of the satellite, knowing the launch 
conditions. 

GREAT C IRCLES AND MAPS FOR RADIO 
PROPAGATION 

When a radio wave travels between two stations on the 
surface of the earth, it follows what is known as a great 
circle path. This is the projection of the wave's path on the 
surface of the earth along the edge of a circle, the centre of 
which coincides with the centre of the earth, and which 

N 

s 

GREAT CIRCLE FOR 
POINTS A ANB B 

Fi~". 12.35. The s hortest d isunce over the e arth'• 1urface between 
poi nts A and B lies a lo ng t he cre:&t circle w hich includ es them. 



passes through the two stations A and B. This is iilustrated 
in Fig. 12.35, which shows that in fact this path is the 
shortest distance between A and B over the earth's surface. 
It should be noted that different modes of propagation 
(ionospheric, tropospheric etc.) will produce slight diver-

PROPAGATION 

gencies from this idealized path but, within the beamwidth of 
practical aerials, such changes of direction may be ignored. 

In order to reach a particular stat ion at a distance, the 
transmitting aerial must be orientated to point along the 
great ci rcle path or bearing, and of course the receiving 

aerial must be similarly orien
tated on a reverse bearing. 
It is usual to find maps of 
regions, or of the world, 
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12.36(b).) On this type of 
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8 

projection, the bearing and 
distance from the reference 
urigi11 at the centre to all other 
points on the map are both 
correct in great circle terms 
nnd may be read off using a 
straight edge laid on the map. 
The disadvantage of the great 
circle map is that it must be 
specifically drawn for any 
particular origin. For example 
a map centred on London will 
give correct bearings and 
distance from London to all 
points on the globe. A map 
centred on Washington, D.C., 
will give correct bearings and 
distance from there, but will 
look very different from the 
London map. 

In practice a map based 
on London may be used with 
very little error for all points 
in the British Isles, and maps 
based on other cities may like
wise be assumed correct for the 

Fis. tl.36(a). Mucator's p rojeot ion 
map of the world. (b} Great c ircl e 

map of the world. 
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surrounding areas. A suitable great circle map for stations 
located in the British Jsles is published by the Admiralty 
Hydrographic Office, and can be obtained from HM Station
ery Office, or from RSGB Headquarters. It is an azimuthal 
equi-distant projection based on London, but as explained 
can be used reliably by other stations. 

Overseas readers should enquire of their Government 
Printing agencies for the existence of suitable Great Circle 
Maps based on cities in their own areas. Such maps are 
generally available through different sources for most parts 
of the world. 

It is possible, from a knowledge of the latitude and 
longitude of the two stations, to calculate the forward and 
reverse bearings of the great circle path between them, and 
also the distance involved. 

Let A and IJ be two places 0 11 the earth's stuface, as shown 
in F ig. 12.35, the angles o: and fi at A and B of the great 
circle passing through the two places and the distance D 
between A and fJ along the great circle can be calculated as 
follows. 
Let B be the place of grea ter la titude (nearer the pole). 

LA is the latitude of A. 
Ln is the latitude of 8. 
Lo is the longitude difference between A and B. 

fi - o: L0 sin t<La - LJ 
Then, tnn - 2 - = cot 2 cos !CLa + L,J 

fi + o: lo cos !CLa - LJ 
and tan - 2 - = cot 2 sin HLa + LA) 

fi - o: P+" 
give the values of -

2
- and -

2
-

P + o: p - o: 
from which -

2
- + -

2 
= P 

P + o: p -a 
and -

2
- - -

2 
= o:. 

In the above it is convenient to take northern latitudes as 
positive and southern as negative. 

Jf both places are in the southern hemisphere, L 8 - LA 
will be negative and it is simpler to refer the calculation to 
the South pole making suitable conversion with respect to 
North later if necessary. 

The distance D (in degrees) along ihe great circle between 
A and B is given by: 

D Lu - L,. sin Hf3 + a) 
tan 2 = tan - -2 - . cos !((3 _ a) 

Then to convert the angular distance D (in degrees) to linear 
distance : 

D in degrees x 69·057 - miles 
D in degrees x 111 · 136 = kilometres 

Note it is more convenient to use decimals for the minutes 
and seconds of degrees. 

For v.h.f., where the dis tances involved over the earth's 
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surface arc relatively small compared wilh the radius of 
curvature, it suffices to use the normal map of the British 
Isles, or of Western Europe, which is usually drawn on 
zcnilhal cqui-distant projection. On such a map both 
bearing and distance up to 1000 km may be taken as 
sufficiently accurate for normal amateur requirements. 

Further information on map projections may be found in 
Reference (7]. 
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CHAPTER 13 

H.F. AERIALS 

I N setting up a link for radio communication between two 
stations, certain specific items or equipment must be 

provided at each end or the circuit. At the sending end there 
must be a transmitter which imposes the signal intelligence 
upon a carrier wave at radio frequency and amplifies it to the 
required power level. At the other end a receiver is required 
which wi ll again amplify tJ1e weak incoming signal, and then 
decode from it the original intelligence. 

The signa l passes from one station to the o ther as a wave 
propagating i11 the atmosphere, but iJ1 o rder to achieve this it 
is necessary to have a t the sending encl something which will 
take the power from the transmit ter and launch it as a wave, 
and at the other end extract energy rrom the wave to feed the 
receiver. This is an aerial and, because the fW1damental 
act ion of an aerial is reversible, the same aerial suffices at 
each end. The aerial then is a means of converting power 
flowing in wires to energy flowing in a wave in space, or is 
simply considered as a coupling transrormcr between the 
wires and free space. 

FUNDAMENTAL PROPERTIES 

Many or the fundamental properties or aerials arc common 
to thei r use in any part of the radio frequency spectrum and 
in free space two aerials which are electrica lly the same at two 
widely different rrequencies will behave in exactly the same 
manner. A piece of wire which is one half-wavelength long 
will, in free space, have the same directional rad iation 
charactcrislics and appear as exactly the same load to a 
transmitter whether it be a half-wavelength al J Mc/s or at 
1000 Mc/s. All that matters is that the wire should maintain 
a constant relationship between its physical length and the 
wavelength used. Strictly speaking its diameter should also 
be scaled wi th the wavelength but this docs not a lter the basic 
principle. The classification in to aerials ror h.f. and aerials 
for v.hJ. in this Handbook is one based on the differing 
practical requirements for aerials for use in the two frequency 
ranges, taking account of phys ical s ize limitations and also 
the widely differing mechanisms of propagation which 
dictate different forms of aeria l. Much of what is to be said in 
this chapter about the fLmdamental characteristics of aerials 
is equally applicable 10 both h.f. and v.h.f., and it is only 
later in the chapter that consideration is given to aerials 
specifically designed for the h.f. bands. At that point tl1e 
reader with v.h.f. interests should pick up the story of 
$pccialized v.h.f. aer ials in Chapter 14-V.H.F./U.H.F. 
Aeridls. 

Wave Motion 

An 1mderstru1ding of aerial behaviour is very closely 
linked with an unders tanding of basic propagation, and s0me 
aspects cannot be dissociated from it. 

In Chapter 12 it is explained that radio waves are propa
gated as an expanding electro-magnetic wavefront whose 
intensity decays as it moves further 0111 from the source. 
The wavefront is formed of electric and magnetic fields 
which exist at right angles to one another, in the plane of the 
wavefront, and over small a reas may be considered to be 
made up of parallel lines of electric and magnetic rorcc. The 
intensity of the wavefront is usually va rying sinusoidally 
with time, as the waves expand like ripples on a pond, and 
the peak value of the wave decays as the wave moves fu rther 
and further away from its source. The arrangement of' one 
cycle of the wave along its direction of travel at a particular 
moment in time, is represented in Fig. 13.1, as it appears iJ1 
general, and also as it appears to the observer whom it is 
approaching. 

c 

·• ( b) 

Fig. 13.1. Instantaneous representation of a cravellina radio wave: (a) 
a long the path o r travel and ( b) for t he wave approachin1 the 

observe r. 

Some imagination is necessary fully 10 appreciate the 
structure of the wave as it propagates through space as a 
whole. T he behaviour of the separate but rela ted electric 
and magnetic fields is more easi.ly visualized if one imagines 
them as oscilla tions travelling along a s lack s tring which 
is being excited a t one end. An observer at a point along 
the string will see approaching l1im a succession of crests 
and troughs which pass him along the string. /\. complete 
electro-magnetic wave is then two such s trings next to 
one another but oscillating at right angles and with the 
crests on each string passing the observer at the same instant. 

The distance between successive peaks in the intensity of 
the electro-magnetic wave as it moves along its direction of 
propagation is called the wavelength and is customarily 
measured in metres. The wave moves through space with 
the velocity of light, o r more exactly light moves through 
space with the velocity of electromagnetic waves since 
light is really e.m. radiation in a m1rrow band or ex
tremely high frequencies. This velocity is a 1m rox i111a tely 
3 x 108 metres per second (1 80,000 miles per second), and 
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is known as the velocity of propaga1io11. As stated above, 
from the point of view of a fixed observer, the wave will pass 
by as a succession of peaks and troughs. The portion of a 
wave between successive peaks (or troughs) is called one 
cycle, and the number of such cycles which pass the observer 
in one second is known as the frequency of the wave, usually 
measured in cycles per second. At the time of preparation 
of this edition of the Handbook it had been generally agreed 
internationally to refer to frequency in Herz, thus commem
orating the name of one of the earliest experimenters in the 
physics of electro-magnetic radiation. The meanings of the 
abbreviations which will usually be encountered in technical 
books are given in Table 13.1. 

TABLE 13.1 
Usual a_bbreviat·ions (or frequency a_nd their relative v-alu es.. The 

new·ly adopted unit of the Hen is shown in brackets. 

c/s 
kc/• 
Mc/s 
Ge/• 

(Hx) 
(kHz) 
(MHz) 
(GHz) 

cydes per scc,ond 
Kilo·cyclci per second - c/s x 10' 
megacycles. per second - c/s X IO• 
glgocyclc>s per second - c/s x 10' 

Note: Gc/s is •ometimc• referred co a.s kMc/• (kilo·mogacyclos per second). 

Since the wave travels with a known velocity, it is easy to 
establish a relationship between the frequency and the wave
length, and if f is the frequency in cycles per second and 
A (lambda) the wavelength in metres, then 

f x .\ = 3 x 108 ••• (i) 
For example, a wavelength of 160 metres corresponds to a 

frequency of I ·87 x 10° c/s or 1 ·87 Mc/s. 
Referring again to the wave illustrated in Fig. 13.1, 

an observer facing the wave would "sec" the field as 
shown in Fig. 13.l(b) which would be alternating at the fre
quency f It is this alternating field that excites a receiving 
aerial into which it delivers some of its power. T he arrows 
indicate the conventional directions of the electric and 
magnetic fields, E and H, relative to the direction of motion. 
If the polarity of one component along either E or fl in the 
diagram is reversed, then the wave is receding instead of 
approaching the observer. The components E and H cannot 
be separated; together they arc the wave and together they 
represent indestructible energy. They wax and wane together 
and when tbe energy disappears momentarily from one point, 
it must re•appear further along the track; in this way the 
wave is propagated. 

Travelling and Standing Waves 

The wave illustrated in Fig. 13.J is unrestricted in its 
motion and is called a travelling wave. As long as they are 
confined to the vicinity of the earth all waves must, however, 
eventually encounter obstacles. In order to understand what 
happens in these circumstances, it is convenient to imagine 
that the obstacle is a very large sheet of metal, since metal is a 
good conductor of electrici ty and, as will be seen, an effective 
barrier to tl1e wave (Fig. 13.2). ln this case, the electric field 
is " short-circuited " by the metal and must therefore always 
be zero at the surface. It manifests itself in the form of a 
current in tbe sheet (shown dotted) like the current that is 
induced in a receiving aeria l, and this current re-radiates the 
wave in the direction from whence it came. 

ln this way a wave is reflected from the metal but due to 
the relative directions of field and propagation, the compon
ents of forward and reflected waves appear as in Fig. 13.2(b). 
It wiJJ be seen that at the surface of the metal the two electric 
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(b) 

Fir. tJ.1.. Standinc waves due to short circuit renection at a metal 
•urlace, with anatysis into forward and refleet,ed wave c.omponenu. 

fields are of opposite polarity and thus cancel each other out, 
but the magnetic fields are additive. 

lf the two waves are combined the resultant wave of Fig. 
13.2(a) is obtained in which the electric and magnetic 
maxima no longer coincide, but are separated by quarter 
wave intervals. Such a combined wave does not move, 
because the energy can alternate in form between electric field 
in one sector and magnetic field in an adjacent one. This type 
of wave is called a sta11di11g wave and exists near reflecting 
objects comparable in size with the length of the wave. If a 
small receiving aerial and detector were moved outwards 
from the front of the reflector the output of the receiver 
would vary with distance and thus indicate the stationary 
wave pattern. 

ln practice radio waves more usually encounter poor 
conductors, such as buildings or hillsides, ahd in this case 
some of the power from the wave is propagated into or 
through the obstacle, the remainder being reflected. Later in 
this chapter, aerials will be described which incorporate con
ductive elements deliberately used as reflectors. It will also 
be shown that oscillatory currents in aerials or feeders can be 
reflected to produce standing waves. 

A travelling wave moving away into space represents a 
flow of energy from the source. The transmitter can be 
regarded as being at the centre of a large sphere, with the 
radiated power passing out through its surface. The larger 
the sphere the more thinly will it be spread, so that the 
further the receiver recedes from the transmitter, the smaller 
will be the signal extracted by means of a receiving aerial of 
given size from a given area of the wave front. 

Resonant Aerials 

lf an oscillatory current is passed along a wire, the electric 
and magnetic fields associated with it can be considered as a 
wave attached to the wire and travell ing along it as far as it 
continues, and if the wire finally terminates in, say an in
sulator, the wave cannot proceed but is reflected. This 
reflection is an open-circuit reflection and the wire carries a 
standing-wave field complementary to a short-circuit 
reflection as in Fig. 13.2 with corresponding standing wave 
voltages and currents. Fig. 13.3 shows two typical cases 



where the wire is of such a length that a number of complete 
cycles of the standing wave can exist along it. Since the end 
of the wire is open circuit, the current at that point must be 
zero and the voltage a maximum. Therefore at a point one 
quarter wavelength from the end, the current must be a 
maximum and the voltage will be zero. The positions of 
maxima arc usually known as current (or voltage) a111i-nodes 
or loops and the intermediate positions as nodes or zeros. 
At positions of current loops, ihe current-to-voltage ratio is 
high and the wire will behave as a low impedance circuit. 
At voltage loops the condition is reversed and tJ1e wire will 
behave as a high impedance circuit. A wire carrying a 
standing wave as illustraied in Fig. 13.3 is an efficient radiator 
of energy, and can be used as an aerial which exhibits similar 
properties 10 a resonant tuned circuit. Such a wi re is then 
known as a resonant or standing wave aerial. If the wire is 
not of a resonant length, the standing wave pattern is dis
continuous, and the aerial behaves like a de-tuned circuit 
which requires additional inductance or capacitance to bring 
it into resonance. 

Fig. 13.l. Standing waves on 
ruonanc at.rials, showing voltaie 
:and current variation a.lone the 
wire. The upper aerial is a ha.I( 
wavelen1c:h long and is workinc at 
the fundamental frequency; the 
lower is a full-wave or second 

harmonic ae.rial. 
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The length for true resonance is not quite an exact multiple 
of the half-wavelength because the effect of radiation causes 
a slight retardation of the wave on the wire and also because 
the supporting insulators may introduce a little extra 
capacita nce at the ends. An approximate formula suitable 
for wire aerials is: 

L l 
I r. ) 492 (n -0·05) 

engt 1 veet = f 
where /1 is the number of complete half-waves in the aeria l 
and/is the frequency in megacycles per second. 

Radiation 

The actual physics of the radiation of energy from the wire 
is an involved matter, which for interested readers is better 
described in detail in textbooks devoted entirely to aerial 
theory. II suffices to say here that the current flowing up 
and down the wire gives rise to a magnetic field a round the 
wire, while the charges in motion (which constitute the 
current) carry with them an electric field. Due to the 
reversing nature of the current, the two fields arc mutually 
supporting and expand away from the wire, carrying 
with them energy from the exciting current. There exists 
in the immediate vicinity of the wire an oscillating field 
known as the induction field (similar to that surrounding an 
induction coil or a magnet) , but this decays in strength 
rapidly as the distance from the wire increases. At a distance 
of )../27r, or approximately one sixth of a wavelength, it is 
equal in strengthfo the radiation field, but beyond one or two 
wavelengths has fallen to a negligible level. 

H.F. AERIALS 
Directivity 

T he radiation field which surrounds the wire is not 
uniformly strong in all directions. lt is strongest in directions 
at right angles to the current flow in the wire and falls in 
intensity to zero along the axis of the wire. The wire is then 
said to exhibit some directi11ity in its radiation pattern, such 
that the rndiatccl energy is concentrated in some directions 
at the expense or others. Later in this chapter ii will be ex
plained that by using numbers of wires in differing arrange
ments, even greater directivities can be obtained over that 
normally exhibited by the single st ra ight wire aerial. Such 
aerial arrays are called beams because they concentrate 
radiation in the desired direction like a beam of light from a 
torch. Decausc a number of wires or clements are needed to 
create the additional directivity, most beam aerials occupy 
more space than simple ones, and the extent to which they 
can usefully be employed is governed largely by their 
physical dimensions at the wavelength 10 be used. When 
space is limited to :m average garden, useful directivity can 
be obtained only from aerials operating on 14 Mc/s or higher 
bands, the aerial systems for J ·8 Mc/s, J·S Mc/s, and 7 Mc/s 
being generally restricted 10 simple arrangements involving 
single wires. In the v.h.f. bands, the wavelength is su01ciently 
short that the various clements of the aerial may be made 
rigid and self-supporting and the aerial system may therefore 
be quite elaborate. 

Dipoles 

One of the most commonly used words in aerial work is 
dipole. Basically a dipole is simply some device (in the 
present context an aerial) wl1ich has two " poles " or 
terminals into which radi.ation currents Row. The two 
clements may be of any length, and a certain amount of 
confusion sometimes arises from the failure to state the 
length involved. In practice it is usua lly safe to assume that 
when the word dipole is used by itself, it is intended to 
describe a half-wavelength aerial, i.e. a radiator of electrical 
length )./2, fed by a balanced connection al the centre. Any 
rcfcr~ncc 10 gain over a dipole is assumed 10 refer to this )./2 
dipole. When reference to another form of dipole is in
tende~, it is usual to state the overall length, e.g. a wa11e/e11gth 
dipole. 

A further rc:fcrence sometimes encountered is to the 
monopole or 1111ipole. This is an unbalanced radiator, fed 
against an earth plane, and a common example is the ground 
plane vertical described later in this chapter. 

Gain 
If one aerial system can be made to concentrate more 

radiation in a certain direction than another aerial, for the 
same total power supplied, then it is said to exhibit gain over 
the second aerial, in that direction. In other words, more 
power would have to be supplied to the reference aerial to 
give the same radiated signal in the direction under con
sideration, and hence the better aerial has effectively gain ed 
in power over the other. Gain can be expressed either as a 
ratio of the power required to be supplied to each ;ierial to 
give equal signals at a distant point, or as the ratio of the 
signals received at that point from the two aerials when they 
arc driven with the same power input. Gain is usually ex
pressed in decibels: a tab le of conversion from voltage and 
power ratios wil l be found in the RSGD Radio Data Refer
ence Book. 

13.3 
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1t is important to note that in specifying gain for an aerial, 
some reference to direction must be included, for no aeria l 
can exhibit gain simultaneously in all directions relative to 
another aerial. The distribution of rad iated energy from 
an aerial may be likened to a balloon filled with incom
pressible gas, with the aerial at the centre. The amount of 
gas represents the power fed to the aerial , and the volume of 
the balloon can only be increased by putting in more gas. 
The balloon may be distorted to many shapes, and elongated 
greatly in some directions so that the amolmt of gas squeezed 
in those directions is increased, but this can only be achieved 
by reducing the amount of gas in some other pan of the 
balloon: the total volume must remain unaltered. Likewise 
the aerial can only direct extra energy in some required 
direction at the expense of less in others. 

Since gain is expressed in relative terms, it is useful to 
refer lo the gaiJl of any aerial relative to some agreed stan
dard aerial. The performance of any two aerials may then 
be directly assessed by comparing their relative gains over 
the standard. Aerial A may exhibit a gain of 3db rela tive to 
the reference aerial, and aerial J3 a gain of 9db. Then aerial 
B will have a gain relative to A of 9-3 = 6db. 

Fig. 13.4. Oi,..ectivc polar dia1ram of 
a half.·wavc dipole, In section 2nd as 
a sol id of revolution around the 

d ipole axis. 

It is unfortunate that two s tandards exist s ide by side and 
will be encountered in other references to aerials. The 
standard often adopted in the USA, and by others, is the 
theoretical " point source" or isotropic radiator. which 
radiates equal power in a ll directions, i.e. its solid polar 
diagram is a sphere. This is a strictly non-practical standard, 
which caMol be constructed or used, but has the advantage 
that it does not require a specification of di rection in the 
comparison. The o ther standard is the "half-wave dipole" 
which has in its own right a directional pattern as illustra ted 
in Fig. 13.4. This is a pract ical aerial which can be built and 
is therefore a more realistic basis for comparison, but it 
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should be noted that gain expressed relative to a )../2 dipole 
means by inference relative to the maximum radiation from 
the dipole, i.e. in direction A in Fig. I 3.4. 

lt will be found in practice that gain is frequently expressed 
in db without reference to the standard employed. This can 
lead to a dispute of 2· 15db in claimed results, being the 
relative gain of the two standards employed (the gain of a 
,\/2 dipole relative to the isotropic source). In such cases it is 
safer to assume the more conservative figure when comparing 
different aerial performance unless one is sure that the same 
s tandard aerial has been assumed in each case. 

Because direction is inevitably associated with a statement 
of gain, it is usually assumed, in the absence of any qualifying 
sratement that the gain quoted for any aerial is its gain in the 
direction of its own maximum radiation. Where the aerial 
system can be rotated, as is the case on 14 Mc/s and higher, 
this is not so important, but when the aerial is fi,~ed in 
posi tion, the superiority it exhibits in one direction over 
another aerial will not hold in other directions because of the 
different shapes of the two aerial patterns. Aeria l A may 
have a quoted gain of 6db over aerial B, but only in the 
directions which favour the shape or its radiation pattern, 
relative to aerial B. 

Radiation Resistance a nd Aerial Impedance 

When power is delivered from the transmitter into the 
aerial, some small part will be lost as heat, since the materia l 
of which the aerial is made wilJ have a finite resis tance, 
albeit small, and a current flowing in it will dissipate some 
power. The bulk or the power will be radiated and, since 
power can only be lost in a resistance, it is convenient to 
consider the radiated power as dissipated in a fictitious 
resistance which is called the radiation resistance of the aerial. 
Using ordinary circuit relations, if a current I is flowing into 
the radiation resistance R, then a power of I'R watts is being 
radiated. It was shown in Fig. 13.3 and mentioned in con
nection with standing waves, that the r.m.s. current dis tri 
bution along a resonant aerial or indeed any s tanding wave 
aerial is not uniform but is approximately sinusoidal. I t is 
therefore nccessafY to specify the point of reference for the 
current when formulating the value of the rad iation resist
ance, and it is usual to assume the value of current at the 
anti-node or maximum point. This is known as the current 
loop, and hence the value of R given by this current is known 
as ibe loop radiation resistance: in practice the word loop is 
omitted but inferred. 

A half-wave dipole has a radiation resistance or about 
70 ohms. lf it is made of highly conductive material such as 
copper or aluminium, the loss resistance may be less than 
one ohm. The conductor loss is thus relatively small and the 
aerial provides an efficient coupling between the transmitter 
and free space. 

When the aerial is not a resonant length, it behaves like a 
resistance in series with a positive (inductive) or negative 
(capacitive) reactance and requires the addition of an equal 
but opposing reactance to bring it to resonance, so that it may 
be effectively supplied with power by the transmitter. The 
combina tion of resistance and reactance, which would be 
measured at the aerial terminals with an impedance meter, is 
referred to in genera l terms as the aerial i11p111 impedance. 
This impedance is only a pure resistance when the aerial is at 
o ne of itS resonant lengths. 



Fic.13.S. Typical input impedance (Zo) value of d ipoles of various 
lengths. The values for L - IJ2 and l i J2 arc a lways approximately 
a.s shown but v:ilues for other lencths Vilry considerably accordinc 
to the Jength/d i;imeter ratio of the aerial. T he values 1iven are 
typial for wire h.f. ae.-ials. N ote how the rea~nce changes sign 

for each multip le of a qu arter wavelength. 

Fig. 13.5 shows, by means of equivalent circuits, how the 
impedance of a dipole varies according to the length in wave
lengths. It will be seen that the components of impedance 
vary over a wide range. 

The input impedance or the aerial is related specifically to 
tl1e input terminals, whereas the radiation resistance is 
related to the current at its loop position. I t is possible to 
feed power into an aerial at any point along its length, so that 
the input impedance and radiation resistance of even a 
resonant aerial may be very different in value although both 
are pure resistances. Only when the feed point of the aerial 
coincides with the position of the current loop on a single 
wire, will the two be approximately equal (Fig. 13.6(a)). If 
the feed point occurs at a position of current minimum and 
voltage maximum, the input impedance will be very high, 
but the radiation resistance remains unaltered (Fig. 13.6(b)). 
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Fig. 13.6. The inpu t resistance of a h;ilf .. wa.ve d ipole is low a t the 
cen tre and hi1h at t ho end, a lthou1h th e loop radiati on resistance is 

the s;a.me in each case. 

For a given power fed into the aerial, the actual feed point 
current, measured on an r.f. ammeter wi ll be very low, but 
because the input impedance is high, the power delivered to 
the aerial is the same. Such an aerial is described as voltage 
fed, because the feed point coincides with a point of maxi
mum voltage in the distributi.on along tbe aerial. Conversely 
an aeria l feel at the low irnpednnce point of the current 
maximum is described as current f ed. 

The input impedance of a current fed half-wave dipole is 
approximately equal to 70 ohms (the theoretically perfect 
radiation resistance is 73·14 ohms), and will be much the 
same value irrespective of the size of wire or rod used to 
fabricate the dipole. The input impedance of a voltage fed 
half-wave dipole is very high, and its precise value depends 
not only upon the loop radiation resistance of the dipole, 
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which is independent of the method of feed, but also the 
physical size of the wire used. T he dipole wire between the 
current loop and the current zero at the ends may be con
sidered to act as a quarter-wavelength transformer between 
the loop radiation resistance al the centre, and the input 
impedance at the end (Fig. 13.7). As a transfonner, the wire 
must exhibit a certain characteristic impedance Zo, and the 
transformer ratio will depend upon the value or Z0 , which in 
turn depends upon the ratio of the conductor diameter to its 
length. If the input impedance is R,, and the radiation 

resistance R,, then approximately R, - ~0: the value of R, 

is fixed by the current distribution, and hence the value of 
Rr will change as Zo, or the wi re length/diameter ratio 
changes. Typical values of R1 for different ratios arc given 
in Table 13.8 ; the behaviour of transformers is dealt with il' 
more detail in the section on Transmission Lines. 

~ ===~y:~~ 

lt-o<ff---- i - --'l,o-tl 

NEUTRAL 
PLANE 

I f-- ~--t 

4J~ '• *~ 
Fig. tl.7. The end impedante of a half-wave dipole can be derived by 
considerinc one half or tho centre impcda.nco transformed alone a 
quart,•r·· .. Wavelength of transmission line fo,.mcd by the dipole wire. 

In certain cases, even though a half-wave dipole is centre 
fed at the current loop position, the input impedance will 
not equal the radiation resistance. lf the halfwave dipole is 
folded (see page 13.22), a transformation again occurs, to 
produce a different input impedance. If the dipole is the 
driven element of a multi-element array such as a Yagi, then 
the input impedance will also be modified (usually reduced) 
because of the presence of the other elements. When an 
aerial of fixed physical length is used at a number of different 
frequencies, it behaves exactly the same as the dipole 
illustrated in Fig. 13.6. If a wire is made up to be 33 ft. long 
and centre-fed, it would be resonant (>./2) at 14 Mc/s, three 
quarter wavelength (3,\/4) at 21 Mc/s ;ind full wave (~) at 
28 Mc/s. At 14 Mc/s it is easy to supply power into its 
70 ohm input resistance, but at fo ll wave resonance at 
28 Mc/s the high value of 5000 ohms presents practical 
difficulties. Again at 21 Mc/s where the impedance is 
complex and evidently high, special arrangements are neces
sary. These problems arc discussed la ter in connection with 
tuned feeders and aerial couplers and in relat ion to specific 
aerials. I 

This same af rial on 7 Mc/s would only be 'A/4 long, with 
a low resistance of 12 ohms and a high capacitive reacta.nce. 
It would require a loading coil of 23 1~H inductance (1000 
ohms reaclance) for resonance at 7 Mc/s. Unless this loading 
coil were physically large it might well have appreciable loss 
resistance (6 ohms for example). Thus only two thirds of the 
power from the transmitter would reach the aerial , the 
remaining third being expended as heat in the coil, and 
the efficiency would be only 67 per cent. With 18 ohms total 
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Fi1. 13.8. Varia tion of mutual re..siatance between par~llel -a nd collinear ha.If.wave d ipoles. 

input resistance and a rcactance of 1000 ohms, the Q of 
the circuit (ratio of reactance to resistance) would be approxi
mately 50, which means that tuning adjustments for reson
ance would be critical. On 3·5 Mc/s the same aerial would 
have a resistance of only 3 ohms and a reactancc of 2000 
ohms. It would therefore be very difficult to use it efficiently 
as it would need re-tuning for different parts of the 3·5 Mc/s 
band. 

Mutual Impedance 

If two aerials are in close proximity, they couple together, 
and the input impedance of each is modified by the presence 
of the other. The amount by which the input impedance of 
the one is varied is called its 11111/ual impedance due to the 
other; t11e mutual impedance depends upon the degree of 
coupling and therefore the physical spacing of the aerials. 
For simple aerials the variation follows a regular pattern, and 
Fig. 13.8 illustrates the mutual resistance between parallel 
and collinear half-wave dipoles for variable spacing. Beyond 
two wavelengths for collinear dipoles (four wavelengths for 
parallel dipoles) the mutual resistance decays to negligible 
proportions; up to those distances, it takes the form of a 
decaying sinusoidal wave, with zeroes occurring approxi
mately at 0·5..\ intervals. The values shown on the vertical 
axis should be added to the perfect free-space input resistance 
of 73 ohms for each dipole to obtain the actual input 
resistance of each. For dipoles spaced I ·25..\ apart, the input 
resistance of each will be 73 + 13·9 = 86·9 ohms. The 
reactive term of the mutual impedance varies in a similar 
cyclic manner. 

Stacking Gain 

It is possible to use a number of discrete radiators in 
parallel to achieve an effective gain over a single one. 
Examples of this are the collinear :111d broadside arrays made 
up of a number of discrete ,\/2 dipoles. At fi rst glance, it may 
seem unreasonable to expect gain, since the splitting of the 
power available between a number of similar aerials would 
appear to be no different to the feed ing of the whole power 
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into one of their number. That gain is achievable depends 
upon the fact that the distant field, which excites the receiving 
aerial, is directly related to the radiation current, whereas 
the power fed to the aerial is proportional to Jhe square of 
the radiation current. Fig. 13.9 shows two half-wave 
dipoles stacked one wavelength apart, and each with a 
radiation resistance R. T hey are centre fed so that the 
radiation resistance is nominally the same as the input 
impedance, and each carries a loop radiation current I. For 
one dipole, the distant field is E due to a radiation curren t 
21, and the power required to be fed to the dipole to achieve 
this is (21)' x R = 4/'R. lf the second dipole is now 
introduced aJ\d the current is split between them so that each 
has a current land gives a distant field £ /2, the fields will be in 
phase broadside to the dipoles and will add to give the same 
field strength E as before, but the power delivered to each 

VOLTS/ 
METRE 

Fia. 13.9. St°'ckina two dipole• a:ives an effective gain of ldb (ignor• 
Ina mutual effecu) because the input power is proportional to the 
square of the current and the distant field on ly to the current itself. 



dipole is now l~R, so the total power is 2/2R. For the same 
distant field, the power required is only half that of the 
single dipole, so a power gain of 3db has resulted from 
st:1cking the two dipoles. What has happened is that the 
fields radiated by the individual dipoles have added in phase 
in the desired directions but have cancelled in others by being 
out of phase, which results in a sharpening of the radiation 
pattern in the desired direction, and hence gain. 

This simple explanat ion of stacking gain assumes that the 
input impedance of each dipole remains unaltered when the 
two are used together. This is not exactly the case in practice 
since mutual impedance plays a part. lt was shown earlier 
tbat the cyclically varying mutual resistance must be added to 
the basic inpu~ resistance of each dipole to determine the 
actual value obtained due to the coupling. Dependent upon 
the spacing involved, the input resistance of each dipole will 
be sometimes greater, sometimes smaller than the single 
dipole value, and hence the value of R used to determine the 
total power delivered to the two dipoles will be mod.ified. 
The smaller its value, the less will be the power required to 
achieve the standard radiation current, and hence the greater 
the gain. The greatest gain will occur when R + R.11 has its 
smallest value for each dipole, i.e. at that spacing which 
gives the largest negative mutual resistance, or 0·7,\ for two 
dipoles. 

[n the simple case, the gain was given by: 
4Rl~ 

G = 2RP = 2 

Taking into account the effect of mutual impedance, the 
actual gain at 0· 7 A spacing is given by: 

412R 2 
G = 2 x l 'R(10·35) = 0·65 = 3·06, or 4·88db. 

This is the greatest gain which can ever be obtained from 
two ,\/2 dipoles, and the distance between them to achieve 
this gain is known as tl1e optimum stacking distance. In the 
example of the two dipoles spaced one wavelength apart, 
the'mutual resmancc is very nearly zero, and the simple 
figure of 3db is correct. 

The principle of stacking gain may be extended to more 
than two radiators, and to radiators each of which is highly 
directive in its own right, but wherever many elements are 
involved, consideration must be given to the mutual coupling 
between each element and all other elements, in tum. The 
derivation of the optimum stacking distance for such systems 
becomes very complicated, but it is true to say that the 
higher the directivity and intrinsic gain of each unit in 
the 1tJTay, or the larger the number of elements, the greater 
is the optimum stacking distance between them. Two 
dipoles require a spacing of 0·65,\, four are better spaced at 
0·8A intervals , eight at 0·9,\ intervals and so on. Where the 
basic unit is of high gain, such as a Yagi array (see page 
J 3.64), the optimum stacking distance lies between l ·OA and 
2·0,\, and depends upon the performance of the individual 
Yagis. This aspect is covered more fully in Chapter 14-
V.H.F./U.H.F. Aerials. 

TR.ANSMISSION LINES 

Three separate parts arc involved in an aerial system: the 
radiator, the feed line between transmitter and radiator, and 
the coupling arrangements to the transmitter. Wherever 
possible, the aerial itself should be placed in the most advan
tageous position, and a feed line used to connect it to the 
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transmitter or receiver with a minimum of loss due to resis
tance or radiation. 1n some circumstances (when space is 
limited or when multi-band operation is required) the feed 
line is omitted and the end of the aerial is brought into the 
station and connected directly to the apparatus. 

By the use of transmission lines or feeders, the power of 
the transmitter can be carried appreciable distances without 
much loss due to conductor resistance, insulator losses or 
radiation. It is thus possible to place the aerial in ail advan· 
tageous position without having to suffer the effects of 
radiation from the connecting wires. For example, a 14 Mc/s 
dipole only 35 ft. long could be raised 60 ft. high and fed 
\vitb power without iocurring appreciable loss. If, on the 
other hand, the aerial wire itself were brought down from 
this height to the transmitter, most of tbe radiation would be 
propagated from the down-lead in a high angular direction. 
An arrangement of this nature would bo most unsuitable for 
long distance communication. 

Types of Line 

There are three main types of transmission line: 

(a) The siogle wire feed arranged so that there is a true 
travelling wave on it. 

(b) The concentric line in which the outer conductor (or 
sheath) encloses the wave (coaxial feeder). 

(c) The parallel wire line with two conductors carrying 
equal but oppositely directed currents and voltages, 
i.e. balanced with respect to earth (twin line). 

A single wire line seldom works correctly because it is very 
difficult to prevent it acting as a radiator instead of a pure 
transmission line. Io the other two types, the field is confined 
to the immediate vicinity of the conductors and does not 

- ----:i.._ E 
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Fie. 13.10. Concentric and two-wire tr-an1mit1ion lines, with cros.s
sectiont of thei r wave fields . The field direction• correspond to 

waves entering the paee. 

radiate if proper precautions are taken. Commercially avail
able types of feeder are dealt with in Chapter 14 (V.H.F./ 
U.H.F. Aerials) with some emphasis on their v.h.f. applica
tions. In this chapter the discussion is confined to the mode 
of working and application to frequencies below 30 Mc/s 
but the fundamental principles are the same. 

Tbe wave which travels on a transmission line is funda
mentally the same as the free-space wave of Fig. 13.l but in 
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this case it is confi11ed to the conductors and the field is curved 
about the conductors i.nstead of being linear as in that dia
gram. Concentric and two-wire lines aJld the fields carried on 
them are illustrated in Fig. 13.10. In the concentric line the 
current passes a long the centre conductor an<l returns along 
the inside of the sheath. At high frequencies the currents do 
not penetrate more than a few ll1ousandtbs of an inch into 
the metal, due to skin effect; hence with any practical thick
ness of the sheath lhere is no current on the outside. The 
fields are thus held inside the cable and cimnot radiate. 

In the twin line the two wires carry " forwa rd and return " 
currents and the field is concentrated in their vicin ity. \Vhen 
lbe spacing between wires is a very small fraction of the wave
length, the radiation is negligible provided the line is balanced 
i.e. the currents are equaJ and opposite in the two parallel 
wires. In the h.f. range, spacings of 
several inches may be employed, but 
in the v.h.f. range small spacing is 
important. 

700 

Characteristic Impedance 600 

500 ,__ 
~ 

Vl 
::!: 400 
::i: 

an infinitely long section of line of the particular dimen· 
sions involved. 

Again because no reflections occm at the end of a correctly 
matched line, the ratio of the trave!Jiog waves of voltage and 
current, V/I = Zo. This is the imporiimt property which 
enables tbe load presented by the aerial to be in turn pre
sented to the transmitter, without any loss in the process. 
This is Ll!e irrespective of the length of line employed, a nd 
consequently the value of the characteristic impedance Zo 
is also independent of the length of the line. lo order to 
achieve maximum efficiency from a transmission line, it 
should always be operated as close to a matched con dition 
as possible, i.e. the load presented by the aerial should be 
arranged, either directly or by means of some impedance 
transformer, to present a good match to the line. The degree 

v 
v 
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In the earlier section on the 
behaviour of currents on radiating 
wires, it was stared that a travelling 
wave is one which moves along a 
wire in a certain direction withouL 
suffering any reflection at a discon
tinuity. The same applies lo trans
mission lines, although in their case 
the presence of reflections ancl there
fore standing waves does not cause 
radiation if the line remains balanced 
or shielded. 

..£. i.-
i--~ ,_ ..... .... 

lt is possible to terminate any 
transmission line with a pure resis
tance of such a value that no reflec
tion of the voltage and current 
travelling waves occurs and all the 
transmitted power is dissipated in the 
resistance. T he value of this resis
tance is specific to any particular type 
of line, depending upon the physic.'ll 
size and spacing of the conductors 
used, and it is therefore possible to 
attribute to a line a property known 
as its characteris1ic impedance, usually 
denoted by Z0 , whi.ch is equal in 
value to this resistance. When a line 
is terminated in a resistance equal to 
its characteristic impedance, there is 
no reflection of power, and the line is 
said to be matched. 

Because no rellections occur at the 
end of a matched line, the situation 
is the same as for the case where the 
line is infinitely long but untermi
nated, for the voltage a nd current 
waves continue to travel forwa rd 
without suffering reflection al any 
point. Arising from this analogy, 
another definition of characteristic 
impedance sometimes employed 
states it to be the input impedance of 
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to which the load impedance can be permilled to depart from 
the characteristic impedance is discussed in the section on 
attenuation. 

The characterist ic impedance is determined purely by the 
dimensional ratios of the cross-section or the line, and not by 
its absolute size. A concentric line or cable with diameter 
ratio 2·3 : 1 and air dielectric, is always a 50 ohm line, what
ever its actual diameter may be. lf it is connected to an 
aerial of 50 ohms radiation resistance, then all the power in 
the line will pass into the aerial and the impedance at the 
sending end of the line wlll also appear to be 50 ohms. 

Coaxial cables can conveniently be constructed with 
characteristic impedance values between about 50 and 120 
ohms. Twin lines have higher impedances; in prac tice, 
between 80 and 600 ohms. Fig. 13.11 and Fig. 13.12 show 
the characteristic impedance of coaxial and two-wire lines 
in terms of tho dimensional ratios, assuming air between 
the conductors. T he formula for concentric lines of inner 
and outer diameters d and D respectively is : 

Zo (ohms) = 138 Log (D/d) 
Thus if the diameter ratio D/d is 2·3 : .I the logarithm of 2·3 
is 0·362 and this, multiplied by the constant 138 gives Z o = 
50 ohms. lf the space between conductors is filled with in
sulating material witb a dielectric co11stont t (permittivity) 
greater than unity, the above value of Zo must be divided by 
the square root of the dielectric constant. 

The usual material for insulation is polythene, which has a 
permittivity of 2·25. The square root. of 2·25 is J ·5 so that a 
"solid "polythene cable bas a characteristic impedance two
lhirds of the value given by the formula. Many cables have a 
mixed air/polythene dielectric, and for l11csc it is necessary to 
estimate the effect of the dielectric; th is can be carried out by 
measuring the velocity factor as described later in this 
chapter. 

The characteristic impedance of two-wire lines of wire 
diameter d and centre spacing Sis given by the approximate 
formula 

Zo (ohms) = 276 Log,0 (2S/d). 
This formula applies to the straight parts of the Jines in 
Fig. 13.12, but docs not bring the impedance to zero when 
tbe conductors touch. A more precise formula is therefore 
used for small spacings. 

Z 0(ohms) = 276 cosh-1 (5) 
As with concentric lines, an allowance must be made for 

the effect of the insulation. A thin coal of enamel or even 
a p.v.c. covering will not produce any material change in 
lines with an impedance of 300 ohms or less, but io the 
moulded feeder commonly known as 80 ohm !lat twin the 
electric fie ld between the wires is substantia lly enclosed in 
the polythene insulator, which is thus effcct.ivo in reducing 
the impedance to two-thirds of the value given by tbe formula. 

When an open-wire lioe is constructed with wooden or 
polythene spacers it is again difficull to estimate tf1c effect of 
tbe insulation, but since tbe proportion of insulator to air is 
relatively small , the effect is also small. A 600 ohm line with 
spreaders spaced every few feet along it would normally be 
designed as if iL were for about 625 ohms, e.g. for 16 s.w.g. 
wires (0·064 in. diameter) tbe spacing would be made 6 in. 
instead of 5 in. as given by the chart for 600 ohms. 

A transmission line can be considered as a long ladder net
work of series inductances and shunt capacitances, corres
ponding to the inductance of the wires and the capacitance 
between them. It differs from conventional L/C ci rcuits in 
that these properties are uniformly d ist ributed along the 
line, though applications arc g iven later where short sections 
of line a re used instead of coil or capacitor elements. If the 
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ioduclance and capacitance per unit length, say, per metre, 
are known, the characteristic impedance is given by: 

Zo = V7JC" (ohms) 
and the velocity of waves (1') on the line by: 

1· = I -7 VQ metres per second 

The inductance and capacitance can both be de1erminecl 
from purely scomcirical calculations on the shape of the 
cross-sect ion. 

For the two wire parallel line, they are obtained from the 
expres.sions: 

L = 0·921 log10 
2
: microhenries/metre 

12·05, . 
C = --"'2S picofarads/ metre 

locio(i 

where f is the dielectric constant of the material in the space 
between the conductors ( = I ·0 for air). 

Similarly for concentric lines: 

.l == 0·46 log10 ~ microhenries/mclre 

24·1 ( . 
C = --jj picofarads/metre. 

l<1g,o d 

Velocity Factor 

When the medium between the conductors of a trans
mission li11c is air, the travelling waves will propagate along 
it at the same speed as waves in free space. If a dielectric 
material is introduced between the conductors, for insulation 
or support purposes, the waves will be slowed down and will 
no longer travel at the free space velocity. The velocity of 
the waves along any line is equal to 1 -7 , ILC; from the 
expressions for L and C given above, the value of C depends 
upon the dieleciric constant of the insulating material. The 
introduction of such material increases the capacity without 
increasing the inductance, and consequently the velocity is 
reduced, by the same facior 1 -7 ,1, by which the character
istic impedance is also reduced. The ratio of the velocity of 
waves on the line to the velocity in free space is known as the 
velocity factor. It is as low as 0·5 for mineral or p.v.c. 
insulated lines and is equal to 0·66 for solid polythene cables 
(< = 2·25). Scmi-airspaced lines have a factor which 
varies between 0·8 ruid 0·95, while open wire lines with 
interval spacers may reach 0·98. 

It is important to make proper allowance for U1fa factor in 
some foeclcr applications, particularly where the feeders arc 
used as tuning clements or interconnecting lines on aerial 
arrays, or :is TV! chokes. For example, if v = 5-, then a 
quarter-wave line would be physically t wavelength long 
(i x t = t). 

In practice, the velocity factor v can be found by shon
circuitiog a length of cable with about 1 in. of wire formed 
into a loop and then coupling-the loop to a grid :dip oscillator. 
The lowest frequency at which tbe cable shows resonance 
corresponds to an electrical length of one quarter-wave: then 

1•~ 

/(Mc/s) x Length (feet) 

246 
and should have a value between 0·5 and unity. 

A particularly useful applicat ion of the velocity factor of 
solid polythene cables is to be found in the use of such 
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cables to couple together dipoles in a stacked aerial array. 
It was shown earlier that the optimum stacking distances for 
parallel dipoles is approximately 0·7.\ for maximum broad
side gain. To achieve lhis, all dipoles must be driven in 
phase, which necessitates cables wl1ich are electrically 
multiples of one half-wavelength long. If the harness is 
constructed from solid polythene cable.~ one wavele11oatb 
long electrically, their physical lcnsth is 0·66.\, which is 
near enough to the optimum d istal\ce between the dipoles to 
permit the cables to be extended straight along the support
ing boom, withot1t any slack length to be secured. 

Standing W aves 
Tt has already been stated that when a transmission line is 

terminated by a resistance equal in value to its cbaracteristic 
impedance, there is no reflection and the line carries a pure 
travelling wave. When the lino is not correctly terminated, 
the voltage-to-current ratio is not the same for the load as for 
the line and the power fed along tho line cannot all be 
absorbed-some of it is renccted in tho form of a second 
travelling wave, which must return along lho line. Tbese two 
waves, forward and reflected, i111 eract all a long the line to set 
up a standing wm•e. 

The Aow of power a Ions the line can be interpreted as the 
progress along the line of a voltage wavo and a current wave 
which are in phase, the product of which is the value of the 
power flowing. 

If the voltage V at a point on the line is given by the 
expression: 

V - V0 coswt 
and the current at the same point by: 

1 = l o COS wt 
then the amount of power nowing is 1he product of the 
r.m.s. voltage and current: 

P = 0·707 V0 X 0·707 10 = 0·5 V010 
and is independent of the time or position on the line, varying 
only as the peak amplitude of the voltage or current wave is 
altered. Since the voltage and current waves can be expressed 
in identical tenns, it is convenient to consider the current 

l'.4,.AI=IocosWt 

· -·~ 
, .. -~ 

Fig.1 3.Jt . Graphical interpretation o(asinusoid -.1 wave repre$ented 
by a vector. 

wave, bearing in mind that the discussion is equally applic
able io the voltage wave. 

The current wave is one of a sinusoidal form, varying in 
an1plitude at an angular rate w = 2 w f where f is the fre
quency at which the transmitter is geoeratins the r.f. power. 
Such a wave may be represented sraphically by a vector of 
constant magnitude (or length) rotatins at an angular speed 
w. The actual instantaneous value of the wave at any moment 
is obtained by projecting the length of the vector on to a line 
passing through the origin (Fig. 13.13). The nature of vectors 
is fully c-0vercd in any textbook dealing with a.c. waves. 



Thus the distribution or current along the line at a partic
ular 1110111e111 of rime due to the passage of the current wave, 
is also sinusoidal, with the phase or the current lagging 
constantly along the length of the line. It can therefore 
be represented by a whole series of vectors, each appropriate 
to a particular physical point on the line. This illustrates 
the physical meaning of the statement that a piccc of line is 

A 8 C D E 
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VECT-OR -:.·~·-r -.-,-·- 1-·-r- ,~ 

Fig. ll.14. Initial vari:\ti on of incident current vector, aceord ing to 
position along the line at any instant of time. 

" one wavelength " Jong, since th is is the distance between 
adjacent points a long the line at which the current is equal 
in amplitude and phase, i.e. the vectors are identical (Fig. 
13.14). 

The vectors are drawn for a perfect loss-less line, in which 
the current wave surrers no attenuation during its passage 
along the line. It is convenient to explain the principles of 
generation or standing waves by reference to the behaviour 
of such a line anc subsequCJ'\tly to examine what happens 
when the line exhibits some <imount of attenuation, as is the 
case in practice to a greater or lesser degree. 

T he current wave moving a long the line will eventually 
reach the far cod, and will then be influenced by the term
ination it meets. Tn order to establish the magnitude of this 
effect we must now look at the various loads that can exist. 
These may be divided broadly into three groups depending 
upon whether all, some, or none of the incident power is 
reflected: 

(a) A resistive termination equal in value t.o the charac
teristic impedance of tho transmission line. By 
definition there will be no reflection from such a 
tcrmioation, and all the current will flow into this 
load. Hence all the power del ivered by the generator 
will be dissipated in this load (Fig. 13.IS(a)). 

(b) A resistive termination of value other than in (a) 
above. This may or may not have a reactance 
associated with it. At such a termination, a reflection 
of the current wave wi ll occur, the actual amount of 
th~ reflected current being dependent upon the 
relative values of the resistive part of the load and 
the characteristic impedance of the line. In general. 
the greater the difference between these two, the larger 
the proportion of current reflected. Also, if the load 
resistance is greater than the characteristic impedance, 
a phase reversal occurs, i.e. the reflected current 
wave is 180° out of phase with the incident wave. 
In the most general case where a reactance is also 
involved, a further phase shift will occur, the amount 
depending upon the ratio of load resistance to 
reactance. T hus some of tho generator power is dis-
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sipaied in the resistive part of the load and some is 
reflccied back along the line (Fig. 13.lS(b)). 

(c) An entirely reactive tennination. This includes both 
the limiting cases of a short circuit and an open circuit. 
Since there is no resistive component in the load, no 
power can be dissipated, and must, therefore, be all 
reflected. This means that tho whole of the incident 
current wave is reflected back down the line. There 
will be a phase change relative to the incident wave, 
the actual value of which will depend upon the 
reactance of the load. 

In the limiting case of a short circuit, the current in 
the short circuit wW have a maximum value and, 
therefore, the phase change is zero; in the case of an 
open circuit, no current can flow in the load, and 
hence the phase change is 1S0°, this being a special 
case of the more general condition covered in (b). 

In every case, apart from that of a perfect terminati.on, 
some proportion of the incident current is reflected at the 
far end of the tra.nsmission line, imd commences to flow back 
along the line at the same rate as the incident current flowing 
towards the end. This reflected current wave will, depending 
upon the circumstances of the termination, commence 
with an amplitude and phase both differing from the 
incident current wave. However, since the reflected wave 
is travelling back along the line, its value at any one moment 
in time may also be expressed in terms of a reOected current 
vector, which is rotating in a clockwise direction, opposite 
to the incident current vector (since the waves are travelling 
in opposite directions) but nevertheless rotating at the same 
angular rate, since the frequency of the wave remains 
unaltered. T his is illustrated in Fig. I 3. I 5(a)-(b) where the 
incident and reflected current wave vectors are shown at a 
precise moment of time for both the end of the line and a 
point one quarter wavclcogth away from the cud. 

The reflected wave of current will now travel back along 
the line, towards the generator supplying the power. At any 
physical point on the line, the net current at any instant is 
merely the vcccor sum of tbe two waves, and the resultant 
vector gives the amplitude and phase. 

Although the CJCplanation has so far been based on the 
conditions existing on the line at one instant of time, all tbe 
currents shown in Fig. 13.16 are varying sinusoidally with 
time at the same rate:, and the vector relationships of magni
tuclc .ind phase correctly represent the behaviour of the 
r.m.s. v:1 Iuc of' the cun-ents at each poiJ1t, irrespective of time. 

fn order to derive the curve showing the variation of 
amplitude of the standing wave along the line, which is the 
aspect usually of interest, it is su!Iicicnt to consider only the 
resultant of the reflected current vector rotating at a con
stant rate equal to twice the generator frequency, about a 
fixed incident current vector. The doubling of the rotation 
rate arises from the contra-rotation of the two vecwrs, each 
at carrier frequency, with varying position along the line. 

This can now be translated back to the equivalent wave, 
which exists ill space along the transmission Line Fig. 13.17 
and gives rise to the familiar standing wave pattern, having a 
maximum value equal to the sum of the incident and reflected 
wave vectors, and a minimum value equal to the difference. 
The variations with time have been eliminated by maintaining 
a constant incident current vector. 

The shape of the standing wave curve is not a pure sine
wave, being generated by tJ1e resultant of two vectors. The 
shape is approximately sinusoidal for low values of s.w.r., 
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Fig. 13.16. (a} Combinatio n of inci dent and rcnected currents along a 
typical section of the line. (b) Effect on (a) of maintaining the 
incident current vec'tor stationa.ry. The renccte d current vector 
effectively rotates at twice the speed, to produce max:ima and 
min im;a. of cu rrent which have a cre..st•to .. crcst distance of half a 

wavelenath . 

but departs increasingly from this form us thc s.w.r. increases, 
to a n extent where in the limit of an open or short circuit 
termination it is close to half sine-waves (£i'ig.J3.18(a) and 
(b)). Because of the fact that in space the rcnected current 
wave vector is effectively rotating at twice the generator 
frequency, the positions of successive maxima and minima 
occur al quarter-wavelength intervals along the line. 

T he distance from crest to crest of the standing wave is 
one half-wavelength at carrier frequency, an important 
distinction from the travelling wave, wbich by definition bas 
a crest to crest distance of one wavelength. In general, the 
condilions of voltage, current and therefore impedance 
repeat themselves every half-wavelength along the line, and 
use is made of this property when impedance matching is 
being considered 

T he sumding wm•e ratio (s.w.r.) k is the ratio of the 
maximum and minimum value of the standing or space 
wave existing along the line. Also, by definition, the reflection 
coefficie//f r is the ratio of the reflected current vector to the 
incident current vector. Thus tbe maxinmm value of the 
standing wave will be ( I + r) and the minimum value of the 



standing wave will be (I - r), and the s.w.r. and reflection 
coeflicient are related by the expression: 

I + r 
s.w.r. k = f=-;. 

The value of r used in 1he above expression lies between 
zero (matched line) and unity (complete mistermination) but 
it is usually expressed elsewhere as a percentage. Typical 
values are given in Table 13.2. 

As defined above, the standing wave ratio will have a 
range of values from unity (matched line) 10 infinity (com
plete mistermination). Occasional references will be found 
to values of s.w.r. in the range zero to unity. These refer to a 
scale of values obtained by inverting 1hc expression given, 
and are exactly reciprocal to the more generally used figures, 
i.e. an s.w.r. of 0·5 : I is exactly the same as an s.w.r. of 
2·0 : 1. This system is more frequently encountered in 
microwave work. 

TABLE tl.2 
V.S.W . R. in Terms a f Rcnection Coefficient 

Rencction 
Z /Z . or z.1z coefficient 

- v.s.w.r. percentace 

1·0 0 
1·5 20 
2 33 
3 50 
5 67 
9 80 
inf. 100 

Fig. 13.18{a) shows the current s tanding wave patlern on a 
line which is terminated in a purely resistive load smaller 
than Zo. The standing wave is a maximum at the load and 
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Fig. 13.17. Development of the st3ndin, wave p:ittern due to the 
resultant of the incident and renected current vectors. The variation 
of the resultant line current with distance is derived di rectly from 
the variations of incident and r·eOect,ed current with time; the time 
variation is effectively removed by maintaining a constant incident 

current vect.or. 
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(a) 

Fig. 13.18. (a) St.anding wave P"ttcrn for a near-m;atched line 
( R - 0·9 Z ,). (b) Sundin1 wave P"ttern for " completely mis
matched line (R - s/cct.). The curve of Fis. 13.17 is typical of the 
transition 01.t medium s.w.r., from the near-sinusoid of fig. fl.f8(a) 

to the rectified sinusoid or Fis. 13.18(b). 

therefore a mUllmum at a point )../4 back from the load. 
If a line is terminated in a mismatch RL. which is entirely 

resistive, 1hen the value of the s.w.r. is given by ihe simple 
relationship: 

R1, ( Zo) 
s. w.r. = Zo 07 

This fo llows from a consideration of the power distribution 
at the resistive load. Considering the balance of power flow 
at the point of connect ion of the load to the line, the 
incident power, i.e. that associated with the forward travel
ling wnve, is given by 

P1,. ,.. /,2 x Zo 
and the rencetcd power, i.e. that associated with the back
ward travelling wave, is given by 

P,.1 = L2
, X Zu 

both from the earlier definition of Zo -= !j along the line . 

The power in the load resistance R1, will be 
1'1, = U1 + /,)e X Rr. 

::nd must equal the difference between the incident and 
rcflcctccl power, so that 

Zo(N - /,~) = RiU1 I- IY 
and 

R 1, = 11 + I, = 1 + r = k (s.w.r.) 
Zo I, - /, 1 - r 

13.13 
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Therefore any line terminated in n pure resistance will have 
on it a standing wave, the value of which is given by: 

s.w.r. (k) = ~~ 
This relationship between Rt, Zo and the s.w.r. is a basic 

one which can be exploited to effect when considering the 
use of transmission lines as impedance transformers. This 
is covered later. 

The reflected current wave travelling back along the line 
from the mistermination at the load end, will ultimately 
reach the generator supplying power. This generator will 
itself possess an internal impedance which may or may not 
match the Zo of the line. The reflected wave will therefore be 
re-reflected at the generator to some degree, and will travel 
forward again towards the load, as a new incident wave 
which will in turn be reflected at the load end, to exactly the 
same extent as was the original incident wave. This process 
of reflection at tho load, and re-reflcc.t ion at the generator 
will continue indcfiniiely provided that no power is being lost 
in the line during the passage of a travelling wave of current, 
i.e. the current is not attenuated by the line due to its ohmic 
resistance. Thus eventually all the power originally supplied 
by the generator will arrive at and be dissipated in the load. 
There will be fiuite intervals of time as each part of the output 
power arrives, tbosc contributions which have made several 
journeys up and down the line being delayed behind the main 
contribution delivered to the load without reflection, by an 
amount depending upon the electrical length of the line. 
When a transmission system conveying information by means 
of an audio modulation process is involved the time delays 
are so short that the car cannot hear the "echo." When 
visible images or other pulse forms of transmission are being 
employed, however, the echo or ghost pulses delayed due to 
reflections along the line may well become visible to the 
naked eye as a second image or pulse delayed in time behind 
the main signal, and diminished in amplitude by an amount 
dependent upon the inherent loss in the line itself, and the 
magnitude of the reflection occurring a t the load. 

The net effect of the passage up and down the line of travel
ling waves of current is to modify in turn the value of the 
incident and reflected currents. However, each contribution 
to the incident current due t0 re-reflection at the generator 
is accompanied by a corresponding contribution to the 
reflected current, due to further reflection at the load. The 
overall effect of this is that the ratio of incident and reflected 
currents remains unaltered, and is dependent 011/y upon the 
relative values of the characteristic impedance of the line 
and the impedance of the load. The standing wave ratio along 
the line is dependent only upon the nature of the load at the far 
end, and no amount of nlteration at the generator end can alter 
the mab'llitude of this standing \l':ivc. 

This is one of the most important nspccts of the behaviour 
of transmission lines. 

Since no power is lost in the lossless line, the current waves 
arc not attenuated during their passage along the line, and 
hence the s.w.r. remains al a constant value for the whole 
length of the line. 

All that has been said so far about the .travelling and 
standing waves of current, is equally applicable to the 
voltage waves. There is however one important difference 
in the genera tion of the standing wave of voltage along the 
line. In Fig. 13.18(a) the current standing wave has a 
maximum value at the load, because the load resistance is 
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lower than the Zo of the line. Since no power is lost in the 
line, it must all be dissipated in R, and consequently the 
voltage at that point must be a minimum. In the extreme 
case of a short circuit (Fig. 13.J S(b)), the voltage must 
obviously be zero. The voltage standing wave along the line 
will therefore be 90° out of phase with the current standing 
wave, so that maxima of current coincide wi th a minima of 
voltage and conversely. The voltage standing wave for both 
conditions of Fig. 13.J 8 is shown in dotted lines. 

Input Impedance 

When a transmission line is operated in a mismatched 
condition, it is usually necessary to know what value of 
impedance is seen across the input to the line. This is the 
load which is presented to the lransmilller, and is termed the 
input impedance of the line. 

The conditions of voltage and current along a mistcr
minated line are shown in Fig. J 3.1 8, and arc dependent upon 
the nature of the load impedance which fixes the value of 
voltage and current at its point of conncction: the variation 
of the standing waves is then tied to these values as the 
"starting " conditions al the far end of the line. Jn the same 
way that the voltage and current at the for end arc related 
to the load impedance, the ratio between them at any o ther 
point along the line can a lso be used to determine an impe
dance which can be said to exist across the line at that point. 
lf the line were cut at a point A and this value of impedance 
connected, the standing wave pattern back towards the 
transmitter would be unafTected, and the inpu t impedance 
would remain the same as before. Equally, the impedance 
across the line at the point of cutting is the input impedance 
seen looking back into the section of line which has been cut 
off. This is shown in Fig. 13.19. The actual value of the 
impedance at any point along the line is determined by the 
ratio of the actual line voltage and current at the point 
taking into account any phase difTercncc between them. 
Fig. 13.18 shows that a voltage maximum is determined by a 
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Fie. 13.19. The imp edance acrou the line at point A is such that 
if used to t .crminate the sho,.tened line, the in put impedanc,e Z I 
would be unaltered. The value of ZA depends upon the ratio VA/IA 
and the phase differenc:e between them: in this example it is less 
than ZT or z1. and because it occurs at a point of current maximum 

i$ the lowest impedance at any position a.Iona the l ine. 



purely resistive termination greater than Z 0 , and conse
quently at this, and all other voltage maxima, the voltage 
and current will be in phase and the effective impedance at 
those points wi ll be resistive. Equally, at current maxima 
the impedance will also be resistive, although of a different 
value. In the regions between these points, the voltage is 
alternately lagging and leading the current, so that the impe
dance will be alternately inductive and capacitive in nature 
along successive half-wavelengths of line, changing sign 
at the positions where the reactive term becomes zero in 
Fig. 13.20. 

! ._(} ~! 
I INDUCTIVE I 

Fis. 13.lO. Variation of input impediilnce a.Iona: a m isterminated line.. 
The: impedance is al ternately inductive and apacitive for succieedinc 
quarter w~ve sections. At the precise quarter wave points it is 

pure ly resistive. 

The input impedance is dependent not only upon the load 
impedance, but also the length of line involved. A common 
fallacy is the belief that by aliering the length of a line, the 
match can be improved. In face the adjustment of line length 
merely results in the presentation to the transmitter of a more 
acceptable load impedance into which it can deliver more 
power. The s.w.r. on the line remains unaltered in every way. 

In Fig. 13.18 the case of a purely resistive termination is 
illustrated. Jn practice the far end termination may be 
inductive or capacitive. The effect of this is to cause the 
positions of voltage maxima to move along the line towards 
the generator by an amount determined by the nature of the 
reactive termination. If this is capacitive, as in Fig. 13.21, 
there will then exist along the line a short region AB of 
capacitive impedance before tbe first voltage minimum. The 
reactive termination could be replaced by the input impe
dance of a further short length of line BC terminated in a 
suitable pure resistance: the length AB is then such as to make 
up the quarter wavelength AC. The lower the capacitive 
reactance of the termination, the closer is the point of 
voltage minimum. 

An important aspect of the input impedance of a mis· 
matched line is its repetitive nature along the line. The 
conditions of voltage and current are repeated at intervals 
of one half wavelength along the line, and theimpedanceacross 
the line repeats similarly. The input impedance is always 
equal to the load impedance for a length of line any exact 
1111111ber of ha/f-wavelengtlts long (11eglecti11g line losses) irre
spective of its characteristic impedance. Such a length of line 
can be used to connect any two impedances together without 
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Fir. 13.11 . Derivation of tho s ta nding wave pattern on a line torn, i· 
nated In a capacitive load Impedance. The Identical pattern 11 
provided by a hypothetical reoiotive load at a particular diotancc 

beyond the actual line load. 

introducing any unwanted variations, and without regard to 
theZ0 of the line being used. This properly is the basis of the 
operation of" tuned " lines as aerial feeders, and its applica
tion is discussed later. Also, any existing feeder arrangement 
can be extended in length by any number of half-wavelenglhs 
without altering the s.w.r. or the load as seen at the input end. 
Because the repetitive nature of the line impedance is a 
function of frequency, being tied to intervals of one half
wavclcngth, the precise duplication of the load impedance 
at the input can only occur at a nun1ber of discrete frc· 
quencies for any specific length of line, for which the line is 
1, 2, 3 ... n half-wavelengths long. The extent to which the 
input impedance departs from its ideal va lue equal to the 
load impedance, as the frequency is varied slightly, is a mea
sure of the in1pedanoo bandwidth of the line. For a given 
percentage change in frequency, the input impedance will 
vary more rapidly the longer the physical length of line 
involved, as the extra electrical length introduced by the 
change of frequency is greater, and causes a proportionately 
larger change in the standing voltage and current at the input 
to the line. This limitation can be counlcrcd to some extent 
by using a line of low Z 0 , for which the rate of change of 
impedance is inherently lower. Particular attent ion should 
be paid to the impedance bandwidth aspccls of lines when 
they are operating with high s.w.r. such as matching or 
TVI stubs, or as" tuned" feeders. Jn the case of TYi stubs 
which operate with an infinite s.w.r. the effective Q is quite 
high and their useful bandwidths as filters is strictly limited, 
ofien to the extent of ± 2 per cent of nominal design fre
quency. 

Line Transformers 

When a transmission line is used in the resonant condition 
described above, such that the input impedance is always 
equal to the load, it can be considered as a l : l impedance 
transformer. It is also possible to use a length of line as a 
transformer having a ratio other than J : J, lo connect 
together without mismatch, two resistive loads of different 
values. Fig. 13.20 shows that a resistive load at the end of 
the line gives rise to a resistive impedance of a different value 
at a point one quarterwavelength away. lf the load resistance 
is R 1 and the resistance at the quarterwavc position R,, then 
the standing wave pattern due to R 1 is the same as that to be 
obtained by connecting R, at its appropriate position and tho 
line s.w.r. remains unaltered. The s.w.r. has earlier been 
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-;... - - - ----:;; ______ , ... , 
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RI =Zo/3 _. 

1 =3 

~/-----~ ::: V=1 

"~r: fc ~" 
Fig. 13 .. ll. Illustrating the principle of th~ quarter-w;ave trandormcr 
in the cue of a 9:1 impedance ratio. The V/I ratio is inverted by 
t:he standinc wave on the line with v.s.w.r. = 3, 1ivin1 Rt Rl ci z0

1• 

Thi$ correspo nds to the series paralle l action of ;i reso nant circuit 
in which t /C - Z0

1 Rl is the parallel resistance and Rt the equiva lent 
series resistance. 

shown to be equal to R/Z0 , so in Fig. 13.22 it can be defined 
either as R JZ 0 or Z 0 /R,, (keeping s.w.r. greater than unity). 

R, Z0 
s .w.r. k = Zo = R, and R, x R, = z0• 

Such a length of line is called a q11arterwave 1ra11sfor111er, and 
possesses the property that the load impedance is inverted 
about the line Z0 to become the input impedance. This holds 
good no matter what the load impedance (resist ive or reac
tive or both), although it is usually employed to transform a 
purely resistive load to one of a more convenient va lue lo 
match into another line. 

As with most transmission line problems, the behaviour 
of the quarterwave transformer can be considered in te rms 
of an equivalent lwnpcd constant circuit of inductance and 
capacitance, and the relationship between Ri11 and Rout is 
that of the series/parallel conversion provided by the resonant 
tuned circuit of Fig. 13.22. 

b 

70Jl r/ 
NV\, 
700 

a, b,c - 70 OHM LINE 
T - SO OHM LINE TRANSFORMER 

Fig. 13.ll. Use of a quarter- wave SO o hm line transformer to match 
two co-ph ased dipoles into a sinalc 70 ohm main feeder. The impc· 

dance at the paralleling point is ?f - JS ohms., which is tr~nsformcd 
up to 70 ohms again. 

The use of such a transformer to match an aerial arr;iy of 
two half-wave dipoles into a 70 o hm line is shown in Fig. 
13.23. The bandwidth of a s ingle section quarterwavc trans
former is not large, and a substantial improvement can be 
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obtained by achieving the required transformation in two 
quartcrwave sections in series, transforming to an inter
mediate value at their junction, which should ideally be the 
geometric mean of the end impedances. In such an arrange
ment the effective rntio of each transformer is reduced, which 
itself improves their bandwidth, and in addition the two tend 
10 be mutually compensating with change of frequency to 
produce a further improvement, Fig. 13.24. The choice of 
cable impedances limits the application of this technique, 
but it can be usefully applied a t v.h.f. and u.h.f. using 
fabricated coaxial lines of appropriate Z 0 , and at h.f. with 
balanced lines of appropriate spacings. 

The inverting properties of a quarterwavclenglh of line can 
also be used to re late the voltage at the input in terms of the 
current in the load (and vice versa). Jn Fig. 13.22, the s.w.r. 
on the line can be defined in a number of ways. 

v! z0 z 01, 
s.w. r. = V, = R, == V, 
so that Vz = I, X Zo 
and s imilarly: V, = I~ x Z0 

Zr 
if• R 

} Zot ~ (a) 

t--~~ 
4 

---- fo-+-~ 

Fir. 13.24. Bandwidth of sinsle and double section quarterwave 
t,.3ndorm ers. ZT is the actual input impedance at each frequency, 
while ZT 1 is the theoretical desi&n frequency value. In th e two-sec· 

tion ca.se, Z; is the geometric mean of R and ZT. 

The voltage at the input end is determined 011/y by the 
characteristic line impedance and the current a t the other, 
and docs not depend upon the value of the load ill which the 
current flows. This property finds applications when it is 
necessary to drive a certain current through a load impedance 
(usually a radiat ing aerial) without reference to the actual 
value of the load impedance itself. 

Stubs 

The limiting case of a mismatched line occurs when the 
far end is completely mistcrminatcd by either a short or open 
circuit. There is then no load resistance to dissipate any 
power, and a JOO per cent reflection of voltage and current 
lakes place. T he standing wave pattern is then that of F ig. 
13.1 S(b). Sections or line with open or short circuit termina
tions approximate to pure capacitance or inductance, the 
only loss being that associated with the line attenuation, 
which can usually be ignored when the length in volved is 
short electrically. Such pieces of line, usually of lengths not 
exceeding ;\/4 arc called s111bs and can be used to compensate 
for, or match out unwanted reactive impedance terms at or 
close to a mismatched termination, and allow the major part 
of the feed line to operate in a matched condition. 
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Fis. 13.15. Circuit equivalents of open and short-circuited lines 

The input reactance of a loss free short circuited line is 
given by the expression: 

Xin = Z 0 tan 0 (inductive) 
and for an open circuited line by: 

Xi11 = -Z0 cot 6 (capacitive) 
where 6 is the electrica.I line length and Z0 its characteristic 
impedance (see page 13.8). 
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Fis.13.16. Variation of input reactance w ith lencth for short circuited 
(solid) and open ci rcuited (broken) lines. The two sets or curves are 

identical and displ;iced by a quarter-wav.elength. 
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Figs. 13.25 ;ind 13.26 illustrate the manner in which the 
input rcactancc varies with line length. For sections shorter 
than ,\/4, the short circuited line is inductive, and the open 
circuited line capacitive. A short circuited line can also be 
made to behave like an open circuited line, of the same elec
trical length (and vice versa) by adding a further ~/4 of line: 
th is is another application of the inverting properties of a 
A/4 section of line described previously. The behaviour of 
the two types of stub is completely complementary, and if 
two arc joined together at their input ends they will make up 
between them precisely one quarterwavelength when their 
respective rcactaoces arc equal and opposite in sign. T his is 
exactly analogous to a parallel tuned circuit, and a short
circuiled )./4 line is said to be a " resonant" section, posses
sing all the properties of the parallel tuned circuit. The 
reactancc-frequency slope of the resonant line is similar in 
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Fie. tl.2·1. Rc:ictance curves for open 3.nd short circuited line.s. The 
quantity X fZo multiplied by the characteristic impedance ofthe line 
equ:ot.ls the rc;actance at the input terminals. Longer lines aft.crnate 
;is capacitance or inductance accordina to Fie. 13.16. The curves a lso 
indic.atc tho n1anncr in which input rca.ctance varies with frequency 

for nominal quarter-wave sections. 

shape to that of the lumped constant circuit, and a change of 
Z 0 is equivalent to a change in the L/C ratio. Such sections 
of line may be used as shunt chokes across other lines without 
effecting the latlcr, and may also at v.h.f. be used as tuned 
circuits for receivers and transmitters, when the physical 
lengths involved arc convcnienlly short . 

In complementary fash ion, a )../4 open circuit line section 
behaves as a series resonant circuit, with a very low input 
resistance at the centre frequency. In the ideal case th is is a 
perfect short circuit: in practice the line losses involved 
degrade this Lo a finite but low value of resistance, which for 
all practical purposes can be considered short circuit. The 
reactancc-frcquency slope of both open and short circuit 
resonant sections is shown in Fig. 13.27 which illustrates the 
effect of variations in Z 0 • 
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The practical applications of matching stubs are considered 
on page 13.25 in lhe section dealing with Impedance Match
ing. Their use as single frequency filters is covered in de
tail in Chapter 18-lnterference. 

A ttenuation and Loss 

rn practice a ll transmission lines have associated with them 
some loss which is experienced when power is transmitted 
a long them. This loss may be due lo radiation (from bal
anced lines), resistive losses in the conductors, and leakage 
losses in the insulator; but however it arises, it is a function 
of lhe actual construction of the line and tbe materials 
employed. With the moulded twin or coaxial lines for ama
teur and television use, this attenuation is less than !db per 
100 ft. (when correctly matched) l\t frequeQcli:s below 30 
Mc/s. One db loss per 100 ft. means that at the far end of the 
feeder the amplitude of voltage or current is just under 90 per 
cent of that at the input end, or the power approximately 
80 per cent. A second I 00 ft. extension would deliver 80 per 
cent of tbe power left at the end of the first JOO ft. or 64 per 
cent of the original input. F or each extra 100 ft. tbc factor is 
multiplied again by 0·8 but in decibel ratios J ·Odb loss is 
added. Open wire lines can be remarkably efficient: a 600 
ohm two-wire line made from 16 s.w.g. copper wire is 
spaced about 6 in., carefully insulated and supported, has a 
loss of only a few decibels per mile in the h.f. range. 

The matched loss of the line is quoted in the manufacturers' 
published information usually as 11 db per 100 ft. It increases 
more or less in proportion to the square root of the frequency 
at which it is being used, i.e., a line having a quoted matched 
loss of 3db/100 ft. at 10 Mc/s will have a matched loss of 
approximately 9db/100 ft. at 100 Mc/s (3db x yJO). The 
effect of th is loss is to attenuate the magnitude of the current 
and voltage waves as tbey flow a long the line, and since the 
loss has no sense of direction, it will equally well altenuatc 
the reOeclcd wave of current as well as the incident wave. 

lf the line is operated with standing waves, the loss is 
greater than in the matched case, because increased voltages 
and currents are circulating on the line and the average 
heating of conductor and insulator is greater for 1he same 
power output. The extra loss due to slanding waves increases 
with t.hc s.w.r. 

When power is fed into the sending end of a practical Line 
which possesses some degree of attenuation and is terminated 
in a short circuit, it is again propaga ted along the line as 
incident waves of current (and vollagc). The magnilllde of 
the incident current decreases as the wave propagates a long 
the line due to the presence of the attenuatioh, although ils 
frequency and hence relative phase remain unaltered. 

When it arrives a t the termination il wi ll have tbe same 
phase, but a smaller magnitude than in tbe example of the 
loss-less line, i.e. as far as the load is concerned it is equiva
lent lo a reduced power flowing into the generator end of a 
loss-less lfoe. At the point of connection of the load, a 
reflected wave will be set up as before, its value and phase 
being dependent upon the n ature of the load, and also rela
tive to the value of incident current at the load. This reflec ted 
wave then flows as before back along the line, experiencing 
attenuation during its passage, until it arrives back at the 
generator, in the same phase as in the loss less case, but with 
a further reduction in magnitude (Flg. 13.28). T he standing 
wave ratio is related to the reflection coefficient a t any point 
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on the line, and that the reflection coefficient is defined by the 
ratio of 1he incident and reflected currents at the point in 
question. Applying this to the case of the line with a finite 
loss it becomes evident that the reflection coefficient and 
hence the s.w.r. are not the same at each end of the line, and 
indeed change constantly along the length of tbe line. The 
effect of the line attenuation is to cause an improvement in 
the s.w.r. towards the generator. l o other words, when feed
ing power to a mis·matched load through a transmission line 
having a finite loss, the mismatch appC.'.lrs less severe at the 
1 ra nsmi tier. 

This property can be used when it is required to present a 
dummy load of reasonable accuracy to a transmitter (or 
receiver). 1f a long length of cable of fairly high attenuation 
at the operating frequency is available, it is sufficient merely 
to connect one end of this to the equipment to be tested, and 
ignore the other end. The input s.w.r. will be reasonably 
low, the actual value depending upon the attenuation of the 
cable. For example, if sufficient cable is available to have a 
matched loss of !Odb, the input s.w.r. will be only 1 ·22 : I, 
and the load impedance presented to the equipment will be 
Zo ± 20 per cent. This can be improved still fu rther by 
using a low dissipation resistor approximately equal to Z 0 , 

on the far end of the cable " load." T his technique is 
particu larly useful at v.h .f. and u.h.f. where the smaller 
diameter cables tend to be quite lossy. 

rn the case of pract.ical lines, in which lhc whole object is 
to uchicve as small an a ttenuation as possible, the improve
ment in the match presented lo the transmitter is not great, 
and indeed for typical h .f. band installat ions, is negligible, 
since the matched feeder loss is only likely to be of the order 
of 0·5db, and hence the reflected current at the transmitter 
will only be reduced by !db (go-and-return) or 10 per cent. 
Since the reflected current is typically only 10 per cent of the 
incident current anyway (corresponding to an s.w.r. of I ·22), 
the net effect of a line attenuation of 0·5db would be to 
reduce tho reflected current to 9 per cent of the incident 
current (corresponding to an s. w.r. of J ·20). For a similar 
piece or line at v.h.f. (say ten times the frequency of the b.f. 
case), then the line loss will have increased by v'10, or 
approximately a factor of 3, i.e. 1 ·5db (or 3db go-and-return). 



Then in this case, for an s.w.r. al the load of 1 ·22, the 
reflected current at the transmitter will be reduced to 7 per 
cent instead of 10 per cent, giving an effective s.w.r. at the 
tranmtitter of 1·15. Taking this a stage further to u.h.f., 
again by a factor of ten in frequency the return line loss will 
have increased to IOdb, giving an effective s.w.r. at tbe trans
mitter of l ·06. These results are tabulated in Table 13.3. 

TABLE 13·3 

Frequency Line Lou: S.W . R. at load S .W . R. a t 
t.r-ansmi t·te r 

14Mc/s O·Sdb 1-22 1 ·20 

140Mc/s 1 ·6db 1-22 MS 

1400 Mc/s S·Odb 1'22 1·06 

Effect of line: attenuation on the 1.w.r. presented ;at the t ransm itter, 
for a const~nt 1.w.r. at the load. 

Load S.W.R. • I ·22 • 10% reflection coefficient. 

We have so far considered the nett effect ofline attenuation 
upon the s.w.r. presented to the transmitter. Of greater 
interest is the resultant additional loss of power in a practical 
line, with a finite matched loss, when it has upon it a standing 
wave. Io the case of the loss-less line all the power delivered 
to the line is eventually dissipated in lhe load, although a 
certain proportion is delayed in time due to multiple reflec
tions. When the misterminat ion of the line is not gross, the 
amount of power returned from the first reflection at the load 
is not large. 

Assuming that the generator completely mistcrminates 
the line al t he sending encl then the whole of the power from 
this first load reflection will reappear at the load after a 
ourney back down the line and up again during which time 
it is attenuated by twice the matched line loss (go and return). 
At this stage the major proport ion or this at t.cnuated reflected 
power is then delivered to the load, and a small proportion 
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is re-reflected, so that the nett power delivered to the load 
after only one reflection represents an appreciable proportion 
of that delivered by the generator, and is only slightly less 
than that which would have been dissipated in the load, had 
there been no attenuation in the line. 

In practice, any reactive term present in the load offered to 
the transmitter by the line is removed by re-tuning or the out
put stage, and any variation in the resistive term merely 
alters tbe effective loading on the transmitter and limits the 
amount of power delivered to the line (none is " lost " 
because the d.c. input to the transmitter is also limited by the 
variation in loading). 

In other words the transmitter presents virtually a complete 
mistermination to the reflected power in the line and the 
additional power lost due to the presence or reflections from 
the load is relatively small, arising only from the attenuation 
of the reflected wave. This point is frequently misunderstood, 
and the reader is Jed to believe that once power has been 
reflected from a misterminating load th is reflected power is 
lost . This case 011/y occurs when the transmitter itself pre
sents a perfect termination to the line and can absorb this 
reflected power, which does not arise in practice. 

This power loss by mismatch is, however, important in 
the case of a receiving system. In such an arrangement, the 
input impedance of the first stage of the receiver is tra ns
formed to present as good a match as possible to the trans
mission line transferring power from the aerial. Thus the 
receiver becomes tbe load, and the aerial becomes the gen
erator. In such a case, the load is adjusted to match the line 
by design, and by its very nature, the aerial is also a reason
able match to the line. ln such circumstances, any signal 
power reflected from the receiver input is re-radiated by, or 
effectively dissipated in the radiation resist:ince of the 
aeria l. This reflected power does not return to the receiver 
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input to provide a contribution to the total signal received, 
but is lost. The extent of the additional power lost due to 
such a mismatch on a receiving aerial feeder is illustrated by 
Fig. 13.29. The difference between this case and that of the 
traosmitter can be seen by comparing this graph with Lhat of 
Fig. 13.30, which shows lhe additional loss clue lo a mismatch 
on a line in the transmitting case. II is, or course, true to say 
tha t in practice neither case is perfectly satisfied, i.e. the 
transmitter does absorb some of the reflected power in the 
one case, and the aerial does re-reflect some of the reflected 
power in the other case. The respective curves deal with the 
limiting conditions, and represent the maximum additional 
loss that can be experienced in each case. 

It wiU be seen from Fig. 13.30, that when the matched line 
loss is very high, the additional loss due to the presence of a 
standing wave is independent of the matched line loss. 

Power H a ndl ing 

There is always a definite limit to the amount of r.f. power 
which can be transmitted along any form of transmission line 
with adequate safety. The limitation is set either by excessive 
heating of the conductors, which can lead to deformation or 
destruction of any artificial insulant between them, or by 
voltage breakdown between the conductors, either in air or 
again in the insulating material. 

Open wire balanced lines will generally carry a greater 
power than any other form, there being adequate ventilation 
around the conductors and usually a relatively large spacirtg 
between t11cm. Concentric lines are usually manufactured 
to lower impedances, with smaller spacings between the 
conductors, and because the inner conductor must be 
maintained accurately in alignment, there is often a con
siderable amount of dielectric material involved. The inner 
conductor is therefore well insulated thermally from tbe 
surrounding air and will rise to a higher temperature for a 
given current flow, than its open wire counterpart. 

In amateur practice, most lines other than the poorest 
quality coaxial cables arc quite suitable for use up to the 
maximum authorized power, although for the u.h.f. bands 
the smaller diameter cables should be avoided when carrier 
powers in excess of 50 watts are employed. This is usually 
done anyway, because the cables o f lower power rating arc 
also those with the highest attenuation per unit length. 

The amateur should pay attention to the power rating of 
cables employed, when a high s.w.r. exists on !he line, either 
by accident or design. In such circumstances, the value of 
the current at maxima of the standing wave may rise to such 
an extent that local overheating will occur, with consequent 
damage. The voltage maxima may also approach the limit
ing value for flash-over. These conditions arc unlikely to 
obtain in any well designed installation, but the possibility 
of their arising, particularly under fault conditions, should 
not be overlooked. 

Practical Feeders 

A variety of concentric and two-wire lines is commer
cially available, the most common being 50 ohm and 70 ohm 
coaxial cables with a solid or stranded inner conductor and a 
braided wire sheath. Two-wire lines are made with impe
dances of 70, 80, 150 and 300 ohms, arc gener:1 lly constructed 
in moulded polythene insulation and thus quite flexible and 
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weatherproof. Such lines are sufficiently low loss to be 
suitable for amateur transmission. Their general properties 
are described in more deta il in Chapter 14 (V.H.F. Aerials). 

The choice of type of feeder may be governed by circum
stances, but in the matter of characteristic impedance it is 
always best to suit the line to the aerial impedance; the use of 
impedance transformers at the aerial connection is always a 
disadvantage and may lead to practical dimculties. 

For distances greater than a few wavelengths, the loss in 
small-size manufactured lines may be enough to warrant the 
construction of an open-wire twin line. This wi ll necessarily 
be of a fairly high impedance, say, 300-600 ohms. Soft
drawn enamelled instrument wire of 14-18 .s.w.g. can be used, 
although when the line is to be strained between insulators, 
it is better to use hard-drawn or cadmium-copper wire. Pre
stretching to about 10 per cent extra length by means of a 
s teady pull will appreciably harden soft-drawn copper wire 
and render it less liable to s tretching in service. 

Spacers made from tin. diameter wood dowelling or poly
thene rod should be fitted every few feet a long the open line. 
Wooden spacers should be thoroughly impregnated by boil
ing them in wax. A small hole should be dril led i.n each end to 
lake a 20 s.w.g. binding wire. A groove in the end is also a 
helpful aid to secure binding. It is not often practicable to 
thread the spacers on to the line wires themselves (Fig. 13.31) 
and the arrangements shown inset in the illustration may 
usefully be employed. 
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Fir. 13.31. Spacing insu lators for open wire line. Tho lower pattern 
w ith ;tn ond focati nc groove is to be prerer red. In each case , the 
insulator is he ld In place by a 20 s.w.g. bi ndinc w ire passini: through 

" hole in the insulator body. 

Moulded twin lines sometimes suffer noticeably from the 
effect (ll' moisture in damp weather. This is most noticeable 
in the case of tuned lines, because water has a very high 
dielectric constant and affects the velocity factor of the line 
as well as its loss factor. Soot deposited on the surface will 
tend to retain moisture and accentuate these troubles. The 
remedy is to clean the line periodically and give it a dressing 
of s il icone wax polish to repel any moisture. Tubular 300 
ohm line should be scaled so that water cannot enter the 
interior. Allhough the p.v.c. outer jackel: of a concentric 
cable is good enough to a llow the cable to be buried, the 
open end of the cable is very vulnerable for it can " brea tl1e 
in " moisture which does irreparable damage to the line. 
There is a variety of satisfactory sealing materials avai lable, 
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C:ig.13.32. Preferred layout of balanced line insta llatlon for optimum 
performance. A lo wer end fix ing ;ind a slow bend :are included in 

this example. 

such as Bostick cement, Bostick scaling strip (puUy) and 
Sylglas tape which is loaded with a silicone putty. 

Particular attention should be paid to the adequate sealing 
of plugs and sockets used out of doors on coaxial cables. 
Even those intended for professional use (e.g., BICC Tele
connectors, US type C and BNC) are not entirely waterproof, 
and the usual Belling-Lee coaxial plug is virtually unsealed 
in its own right. Such fittings should be securely taped, for at 
least J in. along the cable with a water repellent tape. 
T he most effective and reliable scaling is obtained by a layer 
of self-amalgamating P.I.B. tape, covered by a wrapping of a 
putty loaded fabric tape. (The former is manufactured by 
Rotwida Ltd., Denton, Manchester, and the latter, known 
as Densotape, by WiM and Coales Ltd., Denso House, 
Chapel Road. London, S.E.27). 

In selecting an appropriate feeder for use with an aerial 
system, due allowance must be made for t h~ physical layout 
involved. Any installation employing a balanced line must 
be arranged so that the line is kept well clear of masts, 
buildings and other obslructions. Failure to do this can 
result in severely unbalanced currents in the two con
ductors, which will then become a source of radiation from 
the feeder itself, with undesirable effects on the required 
aerial performance. Unbalance can also be caused by 
abrnpt changes of direction of the feeder, and to a lesser 
degree by slackness in the line wllich can allow it to swing 
about in the wind and to twist. 

As far as possible, all balanced lines should be lightly 
tensioned in straight clear runs, with bends broken up into a 
slow change of direction. Mechanical restraints to the 
feeder can be secured to the extended arms of selected 
spacer insulators, the straining wires being either broken up 
with insulators or preferably made from artificial fibre 
cords (e.g., nylon, terylene). A practical layout is illustrated 
in Fig. 13.32 in which it will be noted that the lower end of the 
feeder is tensioned to a secure anchorage, and flexible tails 
arc used to cortncct to the feed-through insulators to relieve 
them of any strain. If at any point along the feeder it 
becomes impossible to avoid obstructions, the balanced line 
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is best terminated in a tuning or coupling unit (sec page 13.36) 
and the rest of the line to the transmitter run in a coaxial 
cable. 

Coaxial cables lend themselves to more unobtrusive in
stallation. [f they are correctly terminated in an unbalanced 
load, no currents will Oow on the outside of the outer con
ductor and they may therefore be laid close to any other 
surface or object (brickwork, tubular masts, etc.) without 
affecting their behaviour in any way. It is only necessary to 
ensure that any bend is made on a sufficiently large radius to 
avoid distortion of the cable itself. Typically, small t in. 
diameler television type cables may be formed round a !- in. 
radius, whereas larger cables such as UR67 should be formed 
on no tighter than a 2 in. radius. The recommended mini
mum bending radius for cables can often be found in manu
facturers' literature, but a useful rule of thumb is to use a 
radius equal to al least twice and preferably four times the 
cable diameter. Lt is easy to damage coaxial cables by 
excessively tight fastenings, such as staples driven hard into 
the cable support, Rncl care should be exercised when 
making such l1xi11gs to avoid bruising of the cable. 

When plugs <md sockets or other forms of termination are 
used on out-of-door coaxial cables, the cable should 
always be arranged in such a way that any water running 
down the outside is shed from the outer before it can run 
into the termination. The right and wrong ways for fix.ing 
such terminations arc illustrated in Fig. 13.33. 

Right Right 

Fig. 13.33. Method for terminatins outdoor c;o-axial a.bias. T he 
reverse loop in the abfe prevenu water from runninr back into the 

end tcrmin--.tion of the cable. 

The correct operation of coaxial cables rel.ies entirely on 
their being terminated in an unbalanced load. Since most 
aerial systems present a balanced impedance at tl\eir feed 
point, some form of balance to unbalance transformer must 
be employed. Suitable devices arc described later in this 
chapter. 

13.21 
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IMPEDANCE MATCHING 

Jn nearly every arrangement of aerial and feeder system 
there is a requirement to provide some means of impedance 
transformation, or matching, at a particular point between 
the aeria l and the transmitter. It may be in the form of an 
aerial coupler described above, which traosforms the varying 
input impedance for a tuned line system down to a suitable 
load value for the transmitter. It may be a network at or near 
the aeria l terminals which transforms the aeria l input 
impedance to the correct value to match a length of flat line 
back to lhe transmitter. Tn each case the function of the 
transformer is to adapt some arbitrary impedance in order 
correctly to terminate the line which connects i t back to the 
transmi tter. T he matching network has no effect on the 
impedances encountered on the aerial side and can therefore 
not alter the s.w.r. on the line which connects the network, 
be it const ructed of lumped components or tran smission 
line s tubs, back to the aerial terminals. It is important to 
understand that the process of matching refers to the 
elimination of standing waves only on the line between the 
point of applica tion of the matching and the transmitter 
delivering the power (Fig. 13.34). 

A 

MATC HED LINE: 
LOW S.W.R. 

_J L UN -MATCHED LINE: 
. ,,... HIGH S.W. R. 

I MPEDANCE 

e~------H;P-~G--________ r 
{b) 

~ HATCHED UH-HATCHED 

Fia. tl.3 4. Appliution of impe-dance matchinc. Introduction of the 
matchinc unit ca n imp rove macte rs only on t.h e section M - T 
The feeder on the aerial s ide: of the matchint unit1 M- A. remains 
''unn1atched0 w ith a high s.w .r. ft should therefore be ~s short as 
possible and of low atten uation (see t·ext) . The matching un it. 
often called an aerial coupler in this application~ can be adjusted 
usina a reflectomctcr to indic;\te min imum reflected power in the 

11 matched" section of tho line to the tra nsmitter. 

In discussing the operatioo of tuned line feeder systems it 
was explained that they were acceptable, carrying as they do a 
high standing wave, only because the in herent line loss and 
hence tho additional loss due to the standing wave is very 
low. It was also explained on page 13. 1 S that the bandwidth 
of the aerial system reduces rapidly when an increasing length 
of tuned line is employed, because the latter is in effect a 
series of cascaded resonant circuits, so that even in the narrow 
span of an amateur band re-tuning of the coupl ing circuits 
may be necessary as the frequency is changed. Any necessary 
matching should therefore be carried out as ocar as possible 
to the aeria l. 111 a s imilar way, a reduction of bandwidth 
occurs if a large ratio of impedance is lo be transformed, 
because high ratio transformers have smaller bandwidths 
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and greater loss. It is therefore best to use aerials and feeders 
with impedances as nearly alike as possible. This cannot 
always be done, especially if a long line is necessary, because 
it would then be preferable to employ a high impedance line 
in order to minimize losses. Another factor which must 
always be considered is that the feeder should not carry 
unintended w•wes, a matter discussed later under !v.farconi 
Effect. 

T he technique employed to achieve the necessary matching 
will depend upon the nature of the unma tched impedance 
and the physical considerations of the aerial. In some cases 
it is possible to modify the aerial itself lo achieve the re
quired match to the feed line, without significa ntly a ltering 
its characterist ics as a radiating element. Examples of th is 
arc the use of folded wires, and the adjustment of reflector 
spacing and length in Yagi type beam aerials. In the case of 
simple wire aerials it is not often practicable 10 match on the 
aerial wire, and a suitable network, either of lumped constant 
components or more usually comprising an arrangement of 
transmission line stubs, is ioterposed between tho aerial 
terminals and the main feeder. The use of networks of coils 
and capacitors is rest ric ted by physica l convenience to the 
provision of parallel resonant pre-tuned traps in multi-band 
aeria ls, and to matching transformers for use at the base of 
a vertical radiator. 

Folded Dipoles 

The half-wave dipole is a balanced aerial and requi res a 
balanced feeder. Normally this is a 70 ohm line, but it is 
sometimes necessary to step up the aerial input impedance to 
a higher va lue; for example, where the feeder is very long and 

f'->-h -~- >.1 
J I 

C 11 I 

11 (b) (d) 

Fie . 13.JS. Folded dipoles, including (a) simple fold; (b) three-fold . 
(c) folded dipole made from 300 ohm ribbon feeder with two 
(d) arrancements fo,. working on half- and full-wave resonance. 

300 or 600 ohm line is employed to reduce feeder loss. 
Another is in a beam aerial in which the dipole input im
pedance is too low to match 70 ohm line. A separate trans
former to step the aerial impedance up to these values would 
reduce the bandwidth, but it has been found that by folding 
the aerial the step-up can be accomplished without any 
reduction of bandwidth. Fig. 13.35 (a) shows u full -wavewire 
folded into a half-wave dipole. It is not a loop aeria l because 
the t.wo halves are only separated by a few inches. 

T he rela tive direction of currents, at current maximum, are 
shown by arrows in the diagram. fn a s traight full -wave 



wire Lhey would be of opposite polarity, but folding the full 
wave has "turned over" one current direction; thus the 
arrows in the diagram all point the same way. The folded 
dipole is therefore equivalent to two single-wire dipoles in 
parallel. The radiation resistance of the folded dipole made 
of the same diameter conductors is 300 ohms, which is four 
times that of the single wire. 

One of the advantages of folding a dipole is Lhat the band
width is increased because it becomes equivalent to au aerial 
made of a much larger diameter conductor. Such aerials bave 
a lower Q than those made of small gauge wires. Low Q is 
desirable in an aerial provided it is produced by radiation 
load and not by conductor or insulator loss. 

A folded dipole connected to a 300 ohm feeder will operate 
over the whole of the 14 Mc/s band witb no appreciable 
change of impedance. For comparison a single wire dipole 
connected through some kind of transformer and 100 ft. of 
300 ohm line mighl well show a 2 : 1 change of impedance 
over the same band. 

Jfthcacrial ismadethree-fold(Fig.13.3S(b), it is equivalent 
to three radiators in parallel, its radiation resistance is 
multiplied nine times and it would be used with a 600 ohm 
line. 

In some multi-clement arrays the radiation resistance is 
very low, and folding the driven element is a useful aid to 
correct matching since with N wires the resistance is always 
raised N 2 limes. 

The folded dipole will not normally operate on even 
harmonics of the frequency for which it is cut because the 
" folded " currents cancel each other. However, the align
ment of currents is correct for the odd ham1onics, so that a 
folded dipole for 7 Mc/scan also be used on 21 Mc/s. 

A folded dipole one wavelength long can be made to 
radiate but only if the centre of the second conductor is 
broken; in such a case the input impedance is divided by four. 
The centre impedance of a full-wave dipole is 4000 to 6000 
ohms; that of the folded version 1000 to 1500 ohms. Fig. 
13.3S(d) shows how such an aerial can be made to work at 
both fundamental and second harmonic frequencies by means 
of a length of open circuit twin line (called a stub) used as a 
"frequency switch." At the frequency at which the aerial is 
;\f1 long, the stub is one electrical quarter-wave long and, 
since its other end is open, the input end behaves as a short 
circuit and effectively closes the gap in the aerial. At the full
wavc frequency the stub is one half-wave long and behaves 
as an open circuit. The stub may be made of 300 ohm twin 
feeder and in application to rotating beam aerials can be 
fixed to the mast or dropped down inside it if it is tubular. 

The folded dipole can be conveniently made from 300 obm 
flat twin feeder as in Fig. 13.35 (e), because the spacing is not 
important so Jong as it is a small fraction of a wavelength. 
Since the velocity factor of ribbon feeder is about 0·8, it is 
necessary to place the short circuits between the wires at this 
fraction of a quarter wavelength from the centre rather than 
at the end-c.g. 27 ft. apart in a 33 ft long 14 Mc/s aerial. 

Other ratios of transformation than four or nine can be 
obtained by using different conductor diameters for the cle
ments of the radiator but these are more practicable on the 
higher frequencies where tubular elements can be employed. 
When this is done, the spacing between the conductors is 
important and can be va ried to al ter the transformation 
ratio. The relative size and spacings can be determined with 
the aid of the nomogram in Fig. 13.36. 
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Fig. 13.36. N omorram for folded dipole calculations. The impedance 
multiplying factor depends on the two ratios of conductor diameter 
to spacing between centres. and is always 4 : 1 wh e n tho diameters 
are equ;il. A rule r laid across the scales will givo pairs of Jpa.cing/ 
diameter ratio for any required m ultiplier. In the OJC:'lmplo s hown 
the driven clement di ameter is one·tenth of tho 1p:icin1 a.nd tho 
other element diameter one quarter or the spacing, rc1u ftln1 in a 
step up of 6 : 1. There is an unlimited number of solutions for any 
&ivcn ratio. The chart may also be used to find tho stcp·up ratio or 

an aerial of give.n dimensions. 

Aerial Transformers 

In aerial systems comprising full-wave (or end fed hair
wave) radiators, it is possible to obtain some control over the 
high input impedance by utilizing the radiator itself as a 
quarter-wave transformer of single wire line. The principle 
was explained Oil page 13.4. The loop radiation resistance 
of the radiator is principally a function of its length, and is 
for resonant lengths independent of the conductor size. By 
varying the latter to alter the effective L/d ratio of the radia
tor, the Z 11 of the single wire line can be altered and hence the 
input impedance at the voltage feed point. This is nol 
practicable as an empirical adjustment after erection, but 
does permit some elementary matching to be built-in to the 
aerial at the design stage to restrict the extent of the initial 
mismatch to the open wire main feeder. 

The effective Z 0 of the radiator as a transmission line is a 
function of the length/diameter ratio, and since the length is 
determined by the operating frequency, the diameter must be 
adjusted to control Z 0 • This may be achieved by using a 
th icker wire, or more effectively by using several wires 
connected in parallel and spaced out to form a cage. Another 
a lternative is to use several wires which are spread out from 
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Lheir common end al the feed point, lo form a fan or semi
cone. These methods are illustrated in Fig. 13.37. The curve 
in Fig. 13.38 shows the variation of inpul impedance of a 
full wave biconical dipole in terms of Lhe cone angle: it is 
correct for solid cones aod indicative of the general 
tendency for elemental cones comprising several wires. The 
values of input impedance for a fan d ipole will be 50-100 
per cent higher for the same angle. 

Fie. 13.37. Broadband d ipoles. {a) Cage. (b) Fan (two or three wire). 
\C) Conical. The semi-conical form is often used for broadband 

vcr·tical monopoles over an earth plane. 

The use of radiators of low Z0 is to be recommended wher
ever possible in arrays of full-wave radiators. In much Lhe 
same way as in the case of folded dipoles as )../2 radiators, Lhe 
bandwidth is markedly improved by using fan clements for 
,\radiators. In order to compensate for the larger diameter, 
the overa ll length for resonance must be reduced to some
thing approaching 0·8 ,\, being shorter for the lower L/d 
ratios. 

Tapped Ae rial Matching: The Delta Match 

The input impedance of any simple wire aerial varies from 
a low value, approximately equal to the radiation resistance, 
at points of maximum current, up to a very high value at 
points of m:iximum voltage. It is therefore possible to find a 
point along the wire which can present the correct load 
impedance 10 a feed line, provided that the line impedance 
is greater than the rad iation resistance of the aerial. This is 
called the de/1a match, and is a convenient way of connecting 
an open wire balanced line tc a simple halfwave dipole. The 
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function of tho cone angle. The overall length should bo 0·73 
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arrangement is shown in Fig. 13.39 the precise dimensions 
A and B of the delta section a re obtained experimentally, and 
for tho case of a 600 olrn1 feed line arc given by: 

1J 8 148 
A = / (Mc/s) 8 ~ /(Mc/s) 

where A, B arc measured in feet. 
The delta match is difficult to adjust in practice to finalize 

optimum values for the dimensions, and there is also a 
tendency for Lhc delta section to radiate since the wires 
carrying equal and opposite currents are not sufficiently close 
throughout their length for the radiation fields from each to 
cancel. 

The Tee and Gamma Match 

The principle of the folded dipole, in which the feed curren t 
divides between the driven and undriven conductors of the 
radiator, is adapted to provide a matching device known as 
the tee match, for connection to a balanced line, and its 
further development, the gamma match wbich combines the 
impedance transformation with an uobalancccl connect ion 
suitable for the direct feed of ba.lancod aerials from coaxial 
lines. 

Since the tee section forms with the aerial conductor a 
short circuit stub less than >./4 long, it wiU present to the feed 
line an inductive reactance which must be tuned out to leave 
only the transfom1ed aerial impedance. This can be achieved 
by the use of a series capacitor as shown in Fig. 13.40 This 
capacitor will require to be adjusted empirically for minimum 
s.w.r. on the main feed line : it will also need to be sealed 
adequately aga inst weather and dirt accumulation, which 
would otherwise make it liable to voltage breakdown, when 
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Fig. 13.39. Use the delta match with a half-wav e aerial fed w ith 
600 ohm open linn. 



the aeria l is powered. Its physical size and rating should 
be adequate to withstand the full line voltage with an ade
quate factor of safety. 
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Fis. 13.40. Tuning out residual reactance in the Tee and camma· 
match systems with series Gapacitors. Capacitors with a maximum 
capacitance of 150pF are suitable at 14 Mc/s. For hither frequencies 

proportionately smaller capacitances may be used. 

As in the delta match, the exact dimensions of the matching 
section are a matter of experimental adjustment for minimum 
s.w.r. on the main feed line. For a halfwave dipole fed with 
600 ohm line, the approximate dimensions are given by: 

180·5 114 
11 = f(Mc/s) B = f (Me/s) 

where A is in feet and B in inches. 
These formulae apply only when U1e extra conductor is of 

the same diameter as the aerial conductor. If a different size 
of conductor is used for the matching section, and impedance 
transformation is obtained analogous to that achieved by 
varying the diameter ratio in a folded dipole. This is useful 
in parasitic type beam aerials, when the very low input 
impedance of the driven element can be stepped up to match 
straight into a 75 ohm coaxial line by employing a gamma 
matching rod much thinner than the actual driven clement 
tube. 

FEEDER 

Fir . tl.41. The Clemens tran,sformer, a flexible arransement whic:h 
will match a w ide ranee of dipole impedancet into a concentricSOor-
70 ohm lino, and at tho 1amo t ime convert from bal~nc:ed ... to-

unbalanced circ:uib. 
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The Clemens Match 

A principal disadvantage of the gamma match is the 
requirement to adjust the length of the matching section to 
obtain optimum performance. An improved version was 
developed which utilizes a flXcd dimension for the tapping 
point. It is known as the Clemens match and is illustrated 
in Fig. 13.41. 

This arrangement is the best, a.nd will cater for a very wide 
range of impedance transformations. The coaxial feeder 
cable is bonded to the centre " neutral " point of the aerial, 
and then carried along one side to a distance of0·06A (!of the 
length of the aerial) where the outer conductor is bonded 
to the aerial and the inner conductor is joined to a tube 
of about one-third of the aerial diameter. The tube is spaced 
a few inches from the aerial and its far end is connected to the 
aerial through a capacitance. The spacing of the tube, vary
ing from 0·01 to O·OU, adjusts the ratio, and the capacitor 
tunes out the transformer reactance and also helps with the 
tuning of t he radiator. The capacitance will not exceed 50 pF 
at 14 Mc/s or higher frequencies. For the purpose of making 
adjustments, a variable capacitor may be used, being finally 
replaced by a high-voltage foil/mica capacitor of the required 
value, or by a short length of open-circuit concentric r. f. 
cable, reckoning 70 ohm cable as 22 pF per foot, and 50 ohm 
cable as 30 pF per foot. The cable can be tucked inside the 
transformer tubing, and should be scaled against damp, 
Bostik scaling strip or Sylglas tape both being very reliable 
for the purpose. 

Linear Transformers 

The most convenient way of performing impedance match
ing between tbe aerial and the main feeder is by employing 
/i11ear transformers. These are made up from short sections of 
transmission line and are hence physically convenient to 
assemble and connect at the aerial terminals. They are also 
lighter than the equivalent coil and capacitor networks and 
more dependable when exposed to the weather. 

The behaviour of short sections of transmission line with 
various terminations was explained on page 13.16 where it 
was shown that quarter wave sections can be considered 
equivalent to parallel and series tuned circuits. Shorter line 
sections behave like inductance or capacitance depending 
upon their length and whether they arc open or short circuit 
at the far end. 

Stub Matching 

If the main feeder is connected directly to the aerial 
terminals the aerial will present other tban a matched load, 
and a system of standing waves will be set up along the feed 
line. Moving away from the acriaJ, the impedance along the 
line will alter in sympathy with the pattern of voltage and 
current waves, as explained and illustrated in Fig. 13.19 
There will occur a position along U1e line not more titan A/2 
from the aerial at which the resistive component of the 
impedance will equal the line characteristic impedance, but 
will have associated with it some degree of reactance. By 
connecting in parallel with the main Line at that point a 
transmission line stub, which is either open or short cir
cuited a t the far end to give an equal but opposite reactance 
at its input end, the unwanted reactance on the main line can 
be cancelled or "tuned out," and the only term left is the 
resistive one which then presents a correct match to the 
remainder of the line. This is the principle of stub matching. 
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It is possible to calculate the length and position of the 
stub from a knowledge of the s.w.r. on the un-matched 
line and the positfon of a voltage maximum or minimum. 
The charts shown in F ig. 13.42 and 13.43 give the length 
of the stub and its position from the point of maximum or 
minimum voltage in the dirccrio11 of the tra11smit1cr. They 
nrc drawn specifically in terms of a stub of the same im
pcdance Z01 as the main feed line. However a line of dif
ferent impedance z0 , may be used to provide the stub, by 

determining the ratio ZX from Fig. 13.27, and thence X 
Ol 

for the stub length given by the stub-matching charts. The 

new ratio ZX may then be used to find a new stub length 
Ol! 

again from Fig. 13.27. It may be advantageous to use a 
stub of lower Z 0 than the main feed line when the latter is 
relatively high, since the bandwidth of the match will then 
be improved. 
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Fji;. 13.42. Position and length of'"' o pe n stub as a fun ction of Z 0 /ZR 
or s.w.r. 

The curves of F ig. 13.42 apply when the point of refer
ence is a voltage minimum, and those of Fig. 13.43 when 
the reference is a voltage maximum. Since these voltage 
conditions along the line alternate at intervals of >./4, 
either short circuit or open ci.rcuit stubs may be employed 
at tbe appropriate points on the line to achieve the same 
match on the remainder of the line. Also because of the 
inverting properties of a quarlcrwave section of line, the 
open circuit stub may be replaced by a short circuit stub 
which is >./4 lo nger, and vice versa. Tbis system of stub 
matchi.ng is extremely flexible, and within certain limits 
permits tbc matching to be cauicd out at a point which is 
physically convenient, and with a stub which can be either 
open or short circuit to suit the particular mechanical lay
out. Generally speaking the use of short circuit stubs is 
preferable. The electric field at the remote end of an open 
circuit stub is very high, and the "end effects" of the sup
porting insulator are difficult to assess accurately. Thei.r 
action is to modify the electrical length of the stub and 
hence to " de-lune" it. In a short circuit stub, the remote 
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Fia. 13.43. Position and length of a closed stub as a function or 
Z fl.}Z 0 or 1.w.r. 

end is accurately defined by the shorting bar and the 
length is not subject to the same end effe.cts. 

Tho voltage at the encl is practically zero, and they can be 
tensioned or otherwise supported without the need for a 
strain insulator. There is also no objection to a d.c. connec
tion from the centre of the shorting bar to earth, to provide 
lightning protection for tbe aerial and feeder system. 

Another useful feature of stub matching is that it is not 
necessary for the aerial to be resonant, i.e., cut to an exact 
number of quarterwavelengths at tbe operating frequency. 
If the aerial is of an arbitrary length, the input impedance 
will be complex, and the series reactance necessary to tune 
the aerial is effectively provided by the short piece of line 
between the aerial and the first voltage maximum or mini
mum. 

Quarterwave Resonant Sections 

When the standing wave ratio is high, the length of the 
stub together with its distance from the reference point add 
up to one quarterwavelength, and because of this, such 
stubs are sometimes referred to as quarterwave resonant 
line transfom1ers. A typical stub matching arrangement is 
shown in Fig. J3.44(a) and re-arranged in Fig. 13.44(b) to 
illustrate the quarterwave feature of this system of match
ing. The action is electrically identical, but it may some
times be physically more convenient to mount a fixed >./4 
stub across the aerial input, and to adjust the tapping 
point of the main feeder along this stub for minimum 
s.w.r. on the main line. 

Quarterwave resonant line transformers can be used 
when the impedance ratio is fairly high (e.g., greater than 
five-to-one) and two varieties using short- and open-cir
cuited stubs are shown. Both make use of the fact that 
1hcrc is a standing wave on the stubs, the main feeder 
being moved along the stub to a point where the voltage / 
current ratio becomes equal to the main line impedance. 
They arc effectively tuned resonant circuits, witb the feeder 
tapped into them. The open stub, is employed when the 



feed point impedance of the aerial is too low for Lhc line, 
i.e., when the overall aerial length is an odd number of 
half-waves, and the closed stub is used for a high imped
ance feed , i e., when the aerial is a number of full waves 
Jong. 

ln practice the stub can be made to have the same im
pedance as the main line, though this is not essential. The 
line should be supported so that it remains at a fixed angle 
(preferably a right angle) to the stub. The tapping position is 
varied until the standing wave or the reflection coefficient on 
the maio line is minimized. If a good match is not produced 
the length of the stub can be altered ; should this not be 
successful, it is probable that the wrong typo of stub is being 
used. It may be noted that the aerial itself need not be a 
resonant length, though the aerial-plus-stub must be; also, 
the stubs may be increased in length by one or more quarter
waves in order to bring the tap position nearer to ground 
level, changing from " open " to " short-circuit " or vicc
versa with each quarterwavelength addition. 

The technique of stub matching is applicable both to 
balanced and unbalanced lines, and may be used wilh advan
tage on coaxial lines at v.h.f. where the physical length of the 
stub is not great. Again because of the "end effect" of the 
open circui t stub, a short circuit version is to be preferred, 
which then completes the outer screen of the coaxial system 
and eliminates the possibility of unwanted signals being 
picked up on tho inner conductor of an open ci rcuit stub. 

Series Quarterwave T ransformers 
The impedance inverting properties of a >./4 sect ion of line 

were explained earlier in the section dealing with transmission 
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Fie. 13.4S. Series qu;arter-wavc transforml!!r (Q-bar) using "pinch" 
matching. The voltacc standin& wave is a minimum at the point or 
commendng the quarter-wave ma.tchin& seaion. which is pinched 
togethc_r until the standin1 wave disappears on the following lenrth 
of line. T he "pinch" can be determined experimentally u1in1 
strinr to hold the wires to1cthe r. The string can then be replaced 

by permanent insulators. 

lines. 1t is therefore possible to match two resistive loads 
by the insertion of a series ,\/4 section of line of an appropriate 
Z 0 • ln the description of stub matching it was explained how 
the arbitrary impedance of the aerial sets up a standing wavo 
pattern on the main feed line. Moving along the line from 
the aerial, a position of voltage minimum is located. At this 
point the impedance will be purely resistive and lower in 
value than t he line characteristic impedance. By pinching 
the line conductors together to reduce the spacing over the 
follo,ving quarterwavelength of main line, the Z 0 of that 
section can be adjusted to the correct value for the section 
to act as a >./4 transformer and step up tho low impedance at 
the voltage minimum point to the correct value to terminate 
the remainder of the line at its normal spacing, Fig. 13.45. 
The >./4 section of modified Z is often called a Q-bar 
transformer. In an open wire system it is physically con
venient to draw the conductors together over the required 
,\/4 section of line, experimentally adjusting the spacing for 
minimum s.w.r. on the main lino. This is facilitated by the 
fact that the position of the )./4 section is fixed by the location 
of the point of voltage minimum on the line, which is itself 
determined only by the actual aerial impedance. When the 
optimum spacing has been determined, permanent rigid 
spacers of the required length may be filled throughout 
the transformer section to maintain the correct Z 0• 

The bandwidth of a series quarterwave transformer match 
is better than that to be obtained from an equivalent stub 
match, and can be made even better by the use of cascaded 
quarterwave sections as explained on page 13.16. 

The series transformer technique can also be applied to 
coaxial line systems, but it is then in general less flexible than 
the stub match. The range of commercially available 
characteristic impedances available for the transformer 
sections is limited to one or two discrete values, and the 
length of such sections at h.f. precludes the fabrication of a 
special section of line. The technique is however more 
ameoable at v.h.f. when the physical lengths arc short, and 
self-supporting. ,\/4 sections of rigid line may be readily con
structed to a wide range of impedance at will. 
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Tapered Lines 

When the required transformer ratio is not high, for 
example, when an 800 ohm rhombic aerial is to be matched 
to a 600 or 300 ohm line, it is practicable to use a simple 
tapered line. At the aerial end, the spacing is correct for 
800 ohms and gradually decreases to that for the lower 
impedance. This arrangement gradually converts the im
pedance from one value to the other. It is a wide-band 
device and, provided the taper is not less than one wave
length long, it will give a good, though not perfect, match. 

Network Transformers 
At ground level, and particularly where a concentric 

(coaxial) feed line is used, it is often more convenient to 
employ a coil and capacitor network. This could be similar 
to any of the couplers used near the transmitter (though a 
simpler network). 

A frequent requirement in radio frequency circuits is the 
ability to transform some particular value of resistance to 
some other value, without introducing a significant power 
loss in the process. An example of this is the matching of 
the effective r.f. anode load of a valve into the grid of U1e 
succeeding stage. One of the easiest ways of achieving this 
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Fir. 13.46. Equivalent impedance circuits. 

transformation is by the use of inductance and capacitance 
in a single network, using entirely reactive elements in the 
transformer. Clearly if such clements are perfect, then U1e 
power losses will be zero and the transformation will occur 
at unity efficiency. Since in practice, radio frequency induc
tors and capacitors can be made to a relatively high quality 
or high-Q, the losses in a practical arrangement arc quite 
small, resulting ooly from the dissipation in the d.c. resistance 
or the coil due to the passage of current, and the dielectric 
loss in the capacitor due to the leakage current, which in 
turn is proportiom1l to the voltage across it. 

Consider two elementary networks in series and shunt 
clements respectively as shown in Fig. 13.46. Now for these 
two networks to be identical, that is to present the same load 
to a generator connected across the terminals AB, the admit
tance seen al these terminals must be the same in each case. 

I I l --+-- ~ 
Rp jXp Rs + jXs .... (i) 

From this it is simple to derive the following two identities 
which are lhc key to all network problems: 

( Xs' ) Rp = Rs 1 + Rs' .... {ii) 

( Rs') Xp = Xs I + Xs: .... (i ii) 
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Using these basic formulae it is possible to convert a net
work of series elements to its equivalent network of parallel 
elcm~nts (and conversely). Consider next the circuit shown 
in Fig. 13.47. From an inspection of Fig. 13.46. and equation 
(ii) above, it can be seen that it is possible to select a value 
of Xs to put in series with the resistance Rs, such that the 
shunt equivalent resistance is equal to Rp, but has in parallel 
with it a residual reactancc Xp. IC now a rcactance of value 
- Xp is placed across the terminals AB, the net effect will be 
to produce at those terminals a pure resistance equal to Rp, 
which is the requirement of the transformer. Then the basic 
form of the transformer is an L network comprising only 
reactive elements as shown in Fig. 13.48. This also meets the 
terms of the original specification. If the ratio R,(R1 = p, 
then it can be shown that: 

x. = ± R.v(p - 1) .... (iv) 

. ... (v) 

Then X 1 and X 2 must have opposite signs in all cases, or 
in more general terms, the network must consist or one 
inductive and one capacitive clement. ft is more usual in 
practice to make the series clement inductive and the shunt 
element capacitive for reasons which vary with individual 
circumstances (e.g. a series d.c. path to the anode of a valve), 
but there is no basic objection to the reversal of this practice 
in cases where it may be more suitable. 

Using the fundamental equations (iv) and (v) it is now 
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Fig. 13.47. T ransrormation : st;ii:c 1. 

possible to design any required network by a process of 
arithmetic as the following example will show: 

Example 

A single wire short aerial for 3·6 Mc/s has a base imped
ance of J5-j200 ohms. It is required to match this to a feeder 
with a characteristic impedance of 75 ohms (l' ig. 13.49. (a)). 
This aeria l is equivalent at its terminals lo a resistance of 
15 ohm in series with a capacitance of 220 pF. The steps of 
the calculation arc as follows: 
(a) Connect an equal and opposite reactancc -l-j200 in 

series lo tune out the aerial capacity and leave only 'the 
resistive term of 15 ohms: the transformation required 
is then from l 5 ohms resistive to 75 ohms resistive 
(Fig. 13.49. (b)). 

Rl R2 



(b) From equation (iv), X1 (series term)= ± 15y5 =-T 
= ± 30ohm 

(c) From equation (iv), X, (shunt term) = =r 5 x 15 

y5 - 1 
= =f 37·5ohm 

T hus the transformer section required is as shown in 
Fig. 13.49. (c) and the complete arrangement in Fig. 13.49 (d). 
To convert the rcactance into physical components, since 
X1. = 2r.fL and Xe = l /27tfC: 

+ j230 is the reactance of I 0 microhenries at 3·6 Mc/s. 
- j37·5 is the reactance of 1250 pF at 3·6 Mc/s. 

The complete network is then shown in Fig. 13.49 (e). By 
making each element variable over a convenient range, it is 
possible to correct for any inaccuracies in the original figure 
taken for the aerial base impedance, and also for variations 
in the working frequency. 

A suitable protective cover for the network is a large air
tight can, used upside down, with components mounted on 
the lid. A metallized lead-through seal from an old capacitor 
or transformer can be soldered into the lid for the aerial lead. 
A sealed r.f. connector is preferable for the cable connection. 
The can should have a coat of paint, and Bostik putty can be 
used to seal all the joints; a small bag of silica-gel may be 
placed in the can to ·guard against condensation. The com
ponents of the network should be suitable for the transmitter 
power; if fixed capacitors arc used they should be of the foil
and-mica type. 

Ba luns 

The great maJonty of aerials arc inherently balanced 
devices, such that equal voltages exist to earth from each 
input terminal. The exceptions are the electrically short 
aerials ofien used on the lower frequency bands, verticals 
which arc driven against either a ground plane or true earth, 
and aerials fed with gamma matching. 

It is not possible to connect to a balanced matching acria.1 
an unbalanced feeder such as coaxial line and maintain zero 
potential on the outside of the line. l n such cases currents 
are forced to flow clown the out.~ide of the outer conductor 
by the voltages appearing a t the aerial terminal to which it is 
connected. T heso currents give rise to unwanted radiation 
from the line itself since the field due to them cannot be 
cancelled out by the field due to the current flowing in the 
inner conductor, which is contained entirely within the outer 
conductor of the line and cannot penetrate beyond it. 

The existence of the unwanted rad iation field around the 
feeder will modify the paltem of the aerial, and possibly also 
its input impedance due to the coupling now existing between 
feeder and aerial, and will represent a loss of energy in unde
sired directions. As with an inadequately balanced twin 
wire line, it is also a potential source of T VI, BCI and r .f. 
feedback problems within the station itself. 

If it is required to drive a balanced aerial directly from an 
unbalanced line, then some form of choke must be employed 
to prevent the unwanted currents flowing back down the 
outside of the line. The necessary choking action is obtained 
by incorporating a balance-to-unbalance transformer, often 
called a ba/1111. The action of transmission line baluns 
depends principally upon the use of a quarterwave section 
of line as a parallel resonant circuit to present a high impe
dance path to U1e unwanted currents. A number of balun 
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Fig. 13.49. Matching or two arbitr:ary impedances. 

designs based on this principle are described in 
Chapter J4, and although they will all work in theory at 
h.f. as well, their physical length precludes their convenient 
use below the v.h.f. bands. At the longer wavelengths the 
most convenient form for a balun is provided by a pair of 
bifilar wound choke coils connected as shown in Fig. 13.50. 
These coils may be scaled up in a suitable weatherproof 
housing at the aerial feed point to provide a convenient 
centre insulator for the aerial, with a coaxial input for 
unbalanced feed. 

UNBALANCED 

BIFILAR PAIR 

, , 

, 

Fig. 13.50. P:.irin1 of bifilar choke coils. 
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A suitable design for powers up 10 lkW on all the b.f. 
bands has been developed by G3HZP. It is a ooe-to-ooc 
ratio bifilar wound transformer with a toroidal ferrite core, 
exhibiting an impedance of 65 ohms ± 1 S ohms, an insertion 
loss of less than O·ldb, and a balance better than JO per cent 
over the frequency range 1·5 Mc/s to 30 Mc/s. T he imped
ance varies s ligh tly over the frequency range, but this is of 
no consequence, and the balun is equa lly effective with 50 o r 
80 ohms coaxial ca ble. lf desired, the turns ra tio can be 
va ried, thereby in troducing an impedance transformation 
property. 

Construct io n of the T o roidal Balun 

Two Mullard FX1588 toroidal cores arc stacked, and 
bound with acetate, polyester or silk tape before the primary 
and secondary coils are wound. The primary, LI, consists of 
JO turns, while the secondary comprises two windings of five 
turns connected as shown in Fig. 13.51. The wire used is 
O·J 10 in. x 0·060 in. enamelled copper tape, 20 in. be ing 
required fo r LI , and 13J in. for each section of L2. When 
the winding is comple ted, the balun can be comple tely 
enveloped for protection with one of the following materials: 
bitumen, Chatterton's compound, several coats of tropical 
varnish or polyurethane varnish of the type supplied for 
small boats or yachts, fibreglass (Holts car kit), Araldite, or 
solidifying s ilicone grease (EP5555, ICC Ltd.). Alternatively, 
it can be encapsulated in a small hermetically sealed metal 
box. 

Three methods of mounting have been found suitable. 
Perhaps the simplest method is to attach the toroid to a 
triangular sheet of Perspex, and com pletely envelop the 
assembly in Araldite. The coaxial line can be readi ly secured 
with a sheet meta l clamp bolted to the Perspex; the toroid 
is held in position by the combined action of the mounting 
wires and Araldite. The d imensions and dri ll ing points are 
~hown in f<ig. 13.52; the inner boles X retain the balun lead-

INNEA 
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OUTER { ---'"" 
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Fie. 13.51. The construction or the w indinas on the toroid:a.I c·orc. L1 
cons1su or 10 t urns 1 and L2 is formtd w ith S + S turns. 

out wires, and the holes Y secure the aerial wires. The jumper 
between holes X and Y should preferably be a length or 
copper braid 10 pre,·ent damage owing to Dexing of the 
assembly in high winds. 

A second fairly simple method of mounting is to enclose 
tho balun in a short length of IVlarley plastic dra inpipe, the 
ends being covered with discs of paxolin . T he discs can be 
cut with a fly-cutter, the pilot holes being used to a llow a 
brass screw to clamp the ends together, or a lterna tively used 
as fixing points to tic the unit to a mast. T he coaxia l cable 
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3 " 

I 
COAX IAL CABLE HELO IN POSITION SY CASLE
CLEAT AND SELF-TAPPING SCREWS. 
MAKE OFF OUTER SCREEN TO ONE SCREW 

Fig. 13.Sl. A triangu lar block of perspex makes a strong mounting 
(or a balun positioned at the centre of a halr .. w:ave dipole. The 
balun is an chored w ith its connectinc wires and a co ating or Ara.I· 
d ite, the coax is held with a cable cle;at, and the aeri al wires are 
pass ed th rough holes Y. Br·aid is used to connect th e output of the 
balun to the aeri al wires to avoid st:r:..ini na the con nect ions owing 

to nexing in the wind. 

is held tight by a rubber grommet in the centre of the tube 
wall, while the balanced winding can either be connected to 
the dipole by braid fly leads, or alternatively a small strai.n 
insulator cut fro m Perspex sheet can be mounted within the 
unit; this possesses the added advantage that all joints are 
tota lly enclosed. The unit should be scaled witb Evo-stik 
o r T winpack Araldite. 

The third, more complex, system of mounting the balun 
is to seal it hermetical ly within a metal box. Sui table 
measurements are 2 in. x J k in. x 2! in., with the type 83 
coaxial socket mounted on the 2 in. x I! in. dimension. 
Glass feed-through insulators are used for the aerial connec
tions. Unless a suitable box is available, one can be fashioned 
without too much difficulty from tinplate and the joints 
soldered. 

-----, 

The completed ba lun . T he cwo right-ha nd le ads :ire t he balanced 
tleri al connectio ns (Ll); tho other end o r e ach of those w indings \s 

connect ed to the e arthy end of Lt . 



An inexpensive mount usi ng a short length of plastic drainpipe. 

METHODS OF FEEDING AN AERIAL 

End Feeding 

The simplest way to energize an aeria l is to bring one end 
of it into the station and connect it to earth through a tuned 
circuit, link coupled to the transmitter. 

This method is strongly to be deprecated for a number of 
reasons. The impedance seen at the end of the aerial wire 
will in general be of some unknown value, and unless some 
form of adjustment of the coup(jng between the link and tbe 
p.a. coil is provided, together with adjustment of reactance 
il1 the p.a. tank circuit, it will be impossible to achieve any
thrng like an efficient match between aerial and transmitter, 
with a consequent inability to draw power into the aerial. 
Additionally there will be no discrinlrnation against the 
coupling into the aerial of the unwanted harmonic currents 
flowing in the p.a. lank circuit: the aerial will undoubtedly 
respond to these in a harmonic mode and radiate them as a 
source of interference. Finally, the need to bring the aerial 
wire right into the station to make the connection to the trans
mitter means that there will exist in the room and its immedi
ate environs high radiated fields. These will give rise to 
feedback problems in audio and r.f. circuits, and will contri
bute nothing to the useful radiation, being generally absorbed 
in the fabric of the building in which lhe station is housed. 

Modem transmitter design tends to use a pi-circuit for the 
p.a. tank, designed to work into an output impedance within 
a limjted range of low impedances, typically 40-80 ohms. 
Since the end impedance of a current fed aerial, i.e. one which 
is an odd number of quartcrwavelcngths long, is also low, and 
of the same order as the figures quoted, it would be quite 
possible to couple the aerial straight into the output socket 
of the transmitter and achieve a reasonable match by means 
of adjustments to the variables in the p.a. tank circuit. For 
precisely the same reasons as above, this technique is also 
strongly to be deprecated, tempting as it maybe to the amateur 
beginning on J ·8 Mc/s with a simple transmitter and a short 
wire aerial. It is perhaps permissible in field day conditions, 
when the transmitter is in the open, and can literally be 
connected between the aerial and earth without degrading 
the radiation characteristics of the aerial. In all other 
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circumstances, a separate tuned circuit should be employed 
as an aerial coupling network, and located at a place suitable 
to the aerial in use. This network may then be link coupled 
to the transmitter tank circuit by a low impedance coaxial 
line, to achieve adequate separation between the radiating 
part of the aerial and the building housing the station. 

If the total aerial length is such as to provide a high impe
dance load the aerial section nearest to the transmitter will 
be carrying a high r.f. voltage, and there may be considerable 
loss of power should it have to pass through or near to 
surrounding structures. On the other hand, an aerial tuned 
to an odd number of quarter wavelengths and consequently 
of low input impedance, can also be inefficient as a result 
of the comparatively high resistance of the earth connection. 
It is better therefore to use an intermediate length, for 
example, an odd number of eighth wavelengths where the 
impedance wi ll have some intermediate value and therefore a 
moderate current at the earth connection. 

A suitable coupling circuit arrangement is illustrated in 
P ig. 13.53. The inductor and capacitor should be similar to 
those in the transmitter output tank ci rcuit. The li nk coi l 
may vary from about four turns at 3·5 Me/s to one turn at 
28 Mc/s and should be tightly coupled into tl1e earthed end 
of the transmitter tank coil, the aerial tap then being ad
justed for correct loading of the transmitter, with moderately 
broad resonance of the aerial coupler. The chart of Fig. 13.54 
indicates whether the aerial tap should be low on the coil (low 

AERIAL 

\ 
\ 

\ 

a,-_-L-~-~-~------
Fig. 13.Sl. Aerial coupler or end·fcd aerials. 

impedance) or nearer tho top or" hot" end (11igh impedance). 
With a non-resonant length of aerial it may occasionally be 

found that. as the tap position is moved up the coil (from 
the "earthy" end) in order to draw more power, the 
coupler ci rcttit wi ll be thrown out of tune. This problem is 
considered later under Aeria l Couplers. 

Earth Connections 

The earth connection should preferably be taken to a 
copper spike or tube several feet long, or to the nearest large 
earthed conductor such as a water miiill pipe. The joint 
should be heavily coated with bituminous paint to avoid 
corrosion. The earrlt co1111ection of rhe electricity supply is 
dangerous and may introduce noise into the receiver or be 
responsible for spreading interference to nearby television 
receivers. The transmitter earth connection should be sepa
rate from the safely earth for the equipment in the station, as 
it is part of the aeria l system, carrying r.f. power. If the 
station i.s at the top of a building, the aerial coupler may fail 
to function properly on some frequencies because the earth 
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Fis. IJ.54. Standins wave chart for tuned reeder<. A line through the 
lens th L or feeder plus hair-aerial, and throueh the fro.quency point 
wHJ show, on the wa.velenath scale.1 t.he nature of the input im .. 
pedance. Rectanal es to the left of the line are regio ns of capacitive 
iinpedance, those to the riaht i nduc-t~ve.. The shaded areas f;orre.s
pond to hish impedance input (high voltase) and call for parallel
tuned couplers ( Fis.13.SS (b)) and the blank are:u co low impedances 
(hich current) which requir'e close taps on a parallel-tuned coupler, 
or a series circuit( Fis. 13.SS (:.~). The ch:. rt may also be used for feed· 
ers alone and , a.s coded, applies for the use of high resistance loads. 
When the load is lower than Ztt the code must be reversed; the 
shaded areas lndlc:lte low input impedance, inductive to the left. 
Th e velocity factor of the feeder" is not allowed fo,. in th• chart, 
and the phpical lencth or the feeder must be d ivided by this 
factor when comput:ini lencth L. 

lead is long enough to develop resonance effects. In such 
cases a "shortening" capaci tor of 50-100 pF may be 
inserted into the r.f. earU1 lead to de-tune it. This capacitor 
should be an air spaced type. 

Further information on earth connections and their 
relative importance will be found later in the section dealing 
with Low Frequency Aerials. 

Non-radiating Feeders 

In the preceding section, it was explained that ad
vantages could be obtained by using transmission lines to 
transfer the power from the transmitter to the aerial with
out loss by radiation. 1n order to achieve best results, it is 
also desirable to present to the transmitter output circuit a 
resistive load of optimum value for maximum power transfer. 

Broadly speaking, there are two methods by which the 
aerial may be coupled to the transmitter. One involves the 
use of a flat or matched line (called Oat because there are no 
standing waves upon it). 

The other employs a tuned line, which is not matched, and 
carries upon it an often 1ubstantial standing wave. In such a 
case, use is made of the property of transmission lines by 
which the load impedance repeats itself at intervals of one 
half wavelength along the line. 
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Each of these systems has merit in certain applications 
depending largely upon the type of aerial employed, and the 
input impedance of the aerial. In general, fiat lines are used 
with low impedance aerials, and tuned lines with aerials 
presenting a relatively high input impedance e.g. full wave 
dipoles, or with wire aerials intended for multi-band use. 

Tuned Lines 

In dealing with line losses on page 13.18 it was explained 
that, for lines with a very low matched Joss, the increased 
loss due to the presence of even severe standing wave ratios 
is not excessive. From the curves of Fig 13.30, it will be seen 
that a line with a matched loss of 0·2db will only introduce a 
further 0·7db when carrying a 10: I s.w.r., and only 0·3db 
if the s.w.r. can be held down to 5:1. The typical matched 
loss of high impedance open wire lines is only a few decibels 
per mile if well constructed; in practical terms, therefore, a 
matched loss of 0·2db represents a run of a least 200 ft. or so 
of such a line. Jt is quite reasonable to operate such a line 
under conditions of relatively high s.w.r. or mismatch with
out greatly impairing its transmission efficiency, and con
sequently a line of this type may be used to feed a fairly wide 
range of aerial impedances in an acceptably efficient manner. 

The input impedance at the lower end of the line will 
depend upon the actual load impedance presented at the far 
end, and upon the length of feeder involved. In general, it 
will be quite arbitrary and the feeder is employed solely as a 
means of connecting the aerial lo the transmitter without 
attempting to transform it to any particular value. It is 
therefore necessary to terminate the tuned line in a matching 
network which will transform the impedance at the lower 
end of the line into the optimum load resistance for the 
transmitter. Such a network is termed an aerial coupler, and 
usually comprises a tuned circuit with a low impedance link 
winding o n the coil. The tuned circuit will require to be of a 
series or parallel form depending as the impedance at the 
lower end of the line is lower or higher than the Zo of the 
open wire line. The design of aerial couplers is dealt with 
later in the chapter. 

Without a knowledge of the exact aerial impedance, it is 
not possible to determine the precise value of the input 
impedance to the ('ceder or to determine the values of 
capacitiincc and inductance in the coupler. It is however 
possible readily to assess whether a series or parallel coupler 
is required, because simple wire resonant aerials arc fed at 
points of either voltage or current maxima and therefore 
present either a very high (2,000-5,000 ohms) or very low 
(70-100 ohms) input impedance at their feed point. This was 
explained on page 13.5. A simple chart may then be prepared, 
from which a knowledge of the feeder length involved, and 
the feed of the aerial (current or voltage) can be used to 
determine at least the nature, if not the precise value of the 
impedance presented to the coupling circuit. Such a chart is 
shown in Fig. 13.54; the same chart may also be used if the 
composite length of feeder and half aerial is known in the 
case of centre fed aerials. In such cases the problem of 
voltage or current feed to the aerial is automatically accoun
ted for by the length L. 

The impedance presented to the coupler will contain both 
resistive and reactive terms. The reactive term is accounted 
for by adjustment of the tunfog control on the coupler 
(usually a variable capacitor); provision must also be made 
for obtaining the correct transformation of the resistive term. 



This is best done by providing a range of tappings on the 
coil of the coupler unit, in order that the downcoming feeder 
may be tapped in at a position along the coi l best suited to the 
value of the input resistance. A wide range or adjustment is 
desirable to accommodate very low impedances on taps near 
the coil centre, and very high impedances towards the outer 
ends of the coil. Only when the impedance is very low, 
corresponding to a current maximum on the line, will it be 
necessary to use a series coupler. 

When the feeder input resis tance is or the same range as the 
actual feeder Z o, either due to a particular length of feeder 
in use, or because of the actual aerial impedance at the top, 
it may not always be possible to tune the feeder with the 
available adjustments on a series coupler. Jn such cases, a 
parallel coupler is to be preferred, and the feeder should be 
tapped down the coil to obtain the best match to the trans
mitter. 

In general, very high impedances at the bo11om of the 
feeder should be avoided by judicious select ion of the length 
of feeder employed, using the chart of Fig. 13.54. High 
impedances are often difficult to match into the parallel 
tuned circuit because of the tendency to " run out of coi l " 
when selecting tbe correct tappings. The high impedance 
also associates with it a high voltage which will appear 
across the components of tbe tuned circuit and requires 
disproportionately large components to avoid the d:mger of 
flash-over. This is particularly evident between the vanes of 
the air spaced tuning capacitor during peaks of ampli tude 
modulation, when the vane spacing is inadequate for the high 
voltages developed. Regions of current maxima on the 
tuned feeders are not quite so unattractive, a lthough they do 
result in increased losses in the coupl ing unit due to the high 
circulating currents in the coil. The ideal situation is one 
which, by judicious selection of aerial le1\gth and feeder 
length, provides a medium impedance to the coupler on all 
bands. In such cases a parallel coupler with a reasonable 
number of tap adjustments on the coil will be satisfactory. 

There are two disadvantages associated with the use of 
tuned lines for aerial feeders. When considering the varia
tion of input impedance wilh line length, on page 13. 15, it was 
shown that the rate of change of input impedance with 
frequency became greater as the length increased. The effect 
of this is to reduce the bandwidth or the aerial and feeder 
together, as the line length employed becomes greater, to an 
extent where it may well become necessary to retune the aerial 
coupler for changes of frequency within the narrow span of 
one amateur band. A compromise must therefore be sought 
between the low loss of the open wire line (even with a high 
standing wave) and the reduced flexibility of operation 
necessitated by frequent adjustments to the coupler. 

The degree of compromise can only be assessed for each 
particular installation, but as a general rule it would be 
desirable to locate the coupler no more than 1 ·0 to 2·0 
wavelengths from the aerial at the highest operating fre
quency. Because of the restrictive nature of open wire feede r 
ins tallations, it is in any case necessary to locate a coupler at 
the point of entry of open-wire line into the building, be it 
house or garden sbed, and to complete the feeder run to the 
transmitter in low impedance unbalanced line. It is very bad 
practice to attempt to extend open wi re balanced lines inside 
any form of building, and particularly into the station itself, 
because of their tendancy to radiate energy if the slightest 
current unbalance occurs. 

H.F. AERIALS 

The tendency to unbalance is the second disadvantage in 
employing open wire lines with a high s.w.r. upon tbem. 
There wi ll exist a long them regious of fairly high current 
maxima considerably in excess of the normal matched line 
current, and these will greatly accentuate radiation from the 
line if the slightest unbalance occurs along the line at those 
regions. Such radiation, in addition to being a possible 
source of TVI, BCI, and even r.f. feedback in the shack, is 
effectively power lost to the aerial, and may be considered an 
additional source of line loss due to the high s.w.r. The ideal 
figures of Fig. 13.30 may be increased considerably by this 
additional power loss due to radiat ion, to a point where it 
would be more efficient to use some form of impedance 
transformer close to the aerial, and a suitable unbalanced 
matched feeder down to the transmitter. It is therefore 
particularly important when using open wire balanced 
feeders as tuned lines with large standing waves, to ensure 
perfect electrical and mechanical symmetry in the con
struction and installation of the feeder. 

The use of tuned feeders is essential to any aerial system 
comprising a s imple wire radiator intended to work on a 
number of different bands. Their use in such a context is best 
illustrated by example. 

Centre-fed H orizontal Wire 

The wavelength to which a wire aerial tunes is approxi
mately twice its length in metres. Hence an aerial 21 metres 
long (a1)proximately 66 ft.) tunes to a wavelength of 42 metres 
corresponding to a frequency of 7 Mc/s. At this frequency it 
is a half-wave aerial, and, if fed in the centre with a balanced 
two-wire feeder, is called a half-wave dipole. Such an aerial 
would be full-wave on 14 Mc/s and three half-waves on 21 
Mc/s and so on. On 3·5 Mc/s it would be a short (quarter 
wave) d ipole and its radiation resistance would be about 
12 ohms; the wire resistance and insulator loss might con
tribute several ohms extra resistance, which would consume 
a large proportion of the transmitting power, thus preventing 
its useful radiation. 

The 7 Mc/s half-wave dipole shown in Fig. 13.55 can be fed 
with 70 ohm or 80 ohm twin feeder since its radia tion 
resistance lies between 60 and 90 ohms depending on its 
height, the match between aerial and feeder being sufficiently 
accurate for au practical purposes. 

On 14 Mc/s the same 66 ft. aerial would be extremely 
inefficient because the feed portion occurs between two 
voltage maxima. At this frequency its impedance would be 
5000 ohms and the v.s.w.r. on the 80 ohm twin line 5000~ 
80- about 62. The line would therefore have appreciable 
loss. On 2 1 Mc/s the centre would again have a current 
maximum and an impedance of about 90 ohms, which would 
be satisfactory for the feeder. At 28 Mc/s a high mismatch 
would again be presented. 

The directional properties of this aerial on the various 
bands will be considered later; for the present, a way to feed 
with reasonable efficiency ou all the bands must be found. 
Obviously some compromise is needed, and tuned feeders 
provide a solution. 

The first compromise is to sacrifice the feeder match on 7 
and 21 Mc/sin order to reduce the v.s.w.r. on 14 and 28 Mc/s. 
T his can be done by using 600 ohm open wire line, which wiU 
work quite efficiently with a fairly bjgh v.s.w . .r. The im
pedance of 600 ohms is a mean value between say 70 ohms 
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Fig. 13.SS. Cent.re-fod aerials using tuned feeders. The aerial t .o the 
left is ;i half .. Wi\ve long 2nd has a low input impedance: t·he feeder is 
a hal(-wavcleng-t.h lone and thus repeats the low impcdanc.e, so that 
series tuning could be used. On the rie:ht is a similar aeri:..I oper-at· 
ing at twice the frequency of the other (full w·ave). The input im· 
pedance is high, and the feeder one wavelength long; parall el tu n inc 
would be best. The effect or feeder lencth is d iscussed In the text, 
and illustrated in Fie. 13.16. T he tunins capacitor sections should 
each be SO pf maximum for 14 Mc/s and higher frequencies; pro· 
portionately larier values are needed for lower frequencies. The 
voltate rating of the capaciton should be the s3-me u for those in 

the transmitter output tank circuit. 

(on 7 Mc/s) and 5,000 ohms (on 14 Mc/s) and the v.s.w.r. will 
be as high as 9 on these and the other bands. 

F ig. 13.55 shows the aerial and its feeder (also 66 ft. long) 
and indicates the form of the standing waves on botb aerial 
and feeder when used on 7 and 14 Mc/s. Two different 
coupling circuits arc shown for the transmitter. 

Since the feeder is 66 ft. long, it will be a definite number of 
half wavelengths Jong on all the bands from 7 to 28 Mc/sand 
lhe input impedance will therefore be the same as the aerial 
impedance for each band. On 7 Mc/s for example, the 
impedance is low and the series circuit of Fig. 13.55 (a) would 
be used, the coiJ and tuning capacitors having about the same 
electrical and physical size as the transmitter tank circuit. 
The link coupling coil for the transmitter feeder connection 
should consist of three turns of insulated wire between the 
centre turns of the tuning coil. Alternatively the parallel 
tuned coupling circuit of Fig. 13.55 (b) could be used, and the 
feeder tapping points set close to the centre of the coil. 
Similar arrangements could also be used for 21 Mc/s with a 
size of coi l suitable for that band. On 14 and 28 Mc/s the 
impedance is high, and in these cases the parallel tuning 
network should be used because at high impedance the taps 
will be at the outer ends of the coil. 

If the feeder is made only 33 ft. long it will be one quarter 
wavelength on 7 Mc/s, one half wavelength on 14 Mc/s, 
three-quarters of a wavelength on 2 1 Mc/s and a full wave
length (four quarter wavelengths) on 28 Mc/s. The impe
dance at the input to the feeder will be the same as with the 
66 ft. feeder on 14 and 28 Mc/s but on 7 and 21 Mc/s where 
the aerial impedance is low, the odd quarter wavelength 
feeder will transform it to a high value on these bands also; 
thus, the parallel tuned coupler would be used on aU bands. 

With the aerials described the s.w.r. is high and conse
quently the coupling circuit will carry large voltages and 
currents. lt is essential therefore to use good quality com-
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ponents. The best arrangement for multi-band working is 
to employ a plug-in coil base with six contacts, two for the 
coil, two for the feeder and two for the transmitter link coil 
with a separate coil unit for each band. The tuning capacitor 
must have two sections in order to preserve feeder balance, as 
discussed later under aerial couplers. For JOO watts of r. f. 
power the feeder current may not exceed about 0·25 amp in 
each line when the impedance is high, but it may well exceed 
I amp for the low impedance cases, e.g. 66 ft. feeder on 7 and 
2.1 Mc/s. This is a disadvantage in that tho same r.f. amme
ters cannot be used in all cases, but when the current ls low 
and the voltage high, a small neon lamp may be used instead 
as a voltage indic.'ltor. 

Judicious choice of feeder lengths will avoid a high voltage 
feed point on most bands. A suitable length may bo found 
with the aid of Fig. 13.54. On this standing wave chart the 
total lengths may (if desired) include one half of the aerlal so 
that the voltage wave illustrated starts from one aerial insu
lator. It will be seen tl1at total lengths of 45 or 90 ft. bring 
the feeder input into the high current sections of the chart in 
nearly every case when using tuned feeders. It is not essential 
to make the aerial itself a resonant lengtl1 ; in fact the top ca11 
advantageously be made a little more than 66 ft. long to 
avoid a high voltage at the centre of the aerial on even 
harmonic bands. 

Flat Lines 

The most important feature of flat lines lies in the fact that 
the input impedance of the line is equal to the load imped
ance, and by definition to the characteristic impedance Zo, 
irrespective of the line length. It follows from this that the 
route and length of feeder employed may be entirely de
cided by the physical layout of the aerial system, and its 
position relative to the transmitter. Be<:ause the matched 
loss of coaxial cables is considerably greater than for open
wire lines, such cables are always employed as nomilJally flat 
lines, with a minimum standing wave and hence minimum 
additional loss. 1n some cases, particularly at v.h.f. where 
line loss is important, open-wire lines may be intentionally 
worked in a matched condition to ensure absolute minimum 
attenuation of signal. 

IL was shown in the section on Transmission Lines that a 
matched line can only be achieved by variation of the load 
impedance, adjustments being made until it equals tbe Zo of 
the line. Thus, unlike the tuned line met bod of aerial feeding, 
the matching arrangements must be incorporated at the 
aerial end of the flat line to obtain correct operation. 

lI the line is to be operated in a matched condition right up 
to the aerial itself, then some means of matclling must be 
incorporated into the actual aerial design, and, if the line 
employed is of the coaxial or unbalanced type, some form of 
unbalanced-to-bnlanced transformer (or ba/1111) wm a lso be 
required at the aerial te rminals. Techniques of matching 
at the aerial itself are discussed in the earlier section on 
Impedance Matching, which also considers the design of 
balun transformers. 

Because the use of flat lines dictates the need for impedance 
matching facilities at the aerial end of the line, it is possible to 
s landardize on a characteristic impedance for Oat lines for a ll 
applications, and arrange to match any particular aerial 
impedance which is encountered to that standard line 
impedance. The commonest coaxial line impedances are 
75 ohms and 50 ohms. The former is used in Europe for 



domestic TV purposes: the latter is more common in the 
American continent, but is being increasingly used for 
amateur installations in Europe possibly because of the 
tendency to use commercial equipment of American origin. 

It is advisable to develop a station where possible around 
one or other of these standard values, rather than to attempt 
the simultaneous use of both. All auxiliary equipment such 
as TV! filters, s.w.r. indicators clc., can then be constructed 
to the selected standard impedance, and a greater degree of 
operational flexibility rcsuhs without the need for additional 
impedance transformers. Transmitters and receivers can 
also be designed to work into !his standard impedance, with 
provision for some small range of adjustment to cover 
impedance variations due to the residual small standing wave 
which exists unless the matching on the line is perfect. By 
arranging for the transmitter to work into a load impedance 
equal to !be z. of the line selected, that line becomes 
effectively an extension of the transmitter output terminals 
right out to the point of connection of the aerial. The use of 
an additional aerial coupler at the transmitler end of the 
feeder becomes unnecessary, !he lower end aerial coupler of 
the tuned I.inc being exchanged for the upper end aerial 
matching network of !he nat line. This difference in the two 
methods of aeria l feeding is illustrated in Fig. 13.56 The 
decision on which method to employ is largely dictated by 
individual circumstances and the type of aerial to be fed. 

TRAHSHITTER(I======== = 
'FLAT' LINE 

(b) HATCHING 
NETWORK 

Fir. 13.56. Tran1mi1tlon llnes. (a) Tuned line. (b) "Flat" line. 

Modern practice tends towards the use of matched tm
balanccd coaxial line wherever possible, the use of tuned 
unmatched lines being restricted to cases where a length 
of such line is an inherent requirement of the aerial design, 
and is used to convert a nominally high impedance aerial 
down to a low impedance over a number of bands without 
the need for re-adjustment of any matching network at the 
aerial itself. An example of this is the G5RV multi-band 
dipole described on page 13.72. 

AERIAL COUPLERS 

It has been assumed in this chapter that the aerial or its 
feeder \viii not be connected direct to the transmitter output 
circuit because this is an obsolete practice not suited to 
modern conditions. The normal output from a transmitter is 
through a coupling network and harmonic filter into a 
co-axial r.f. connector. Jn some cases, where the aerial is 
already fed by co-axial I ines, it can be connected directly to 
the transmitter output socket, but more generally it is neces
sary to use an intermediate coupler or transformer. Even if 
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the line is of the same impedance as the transmitter output 
(say 70 ohms), it may be a balanced twin feeder and cannot 
therefore be connected to the unbalanced concentric trans
mitter output. It is therefore common practice to use an 
aerial coupler or aerial 11111i11g 1111i1 (often abbreviated to 
a .t.u.). 

The aerial coupler is sometimes built as pan of the trans
mitter but this is not essential and it may be more convenient 
io extend the ou1put cable from the 1ransmitter to another 
part of the station, particularly if a change-over arrangement 
is required to connect the same aerial to the receiver. 

The coupler may have lo 1une the aerial or the feeder to 
resonance, in addition lo lransforming from the one im
pedance to ano1hcr. Moreover, it may have to take a 
balanced input and link it lo an unbalanced concentric line. 
The general design of the network has already been illustrated 
in connection with the simpler aerials and it is now necessary 
lo consider how to choose the right one for each purpose, 
what value of components to use and the special require
ments of balanced feeders. Series tuning was once popular 
for use with low impedance tuned feeders or aerials, but is a 
handicap if the same aeria l is to be used on several bands, and 
can usually be avoided by compensation before transforming 
as described on page I 3.32. 

U nbalanced Aerials 

Fig. 13.57 shows some variations of an aerial coupler suit
able for unbalanced aerials or feeders. The general principle 
is that the induc1ance acls as a 1wo-winding (or auto) trans
former, the capacitor serving to resonate the coil to ensure a 
high degree of coupling, to help the network to discriminate 
against unwanted frequencies, and to assist in harmonic 
suppression. The link may have either a direct tap connection 
or a separate coil of a few turns interwound with the main 
inductance at the earthed end. 

Fie. 13.57. Various form• of Aerial coupler for end·fed aerials. The 
use of reactance X for compensation of very reactive aerial s a.

feeder lo~ds is discussed in the tex·t. 

The tuning components should each have a rcactance of 
about 500 ohms at the operating frequency. This may most 
conveniently be translated in10 practical figures by reckoning 
the capaci tance as I pF per metre of wavelength, and the 
inductance as 0·251-'H per metre. For example, at 7 Mc/s, 
approximately 40 pF and 121-'l-J could be used. There is 
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nothing critical about these values, though for a very high 
impedance aerial load (as may occur when using tuned 
feeders) it is advisable to increase the inductance and use less 
capacitance. Coils of about 3 in. diameter wound wi th J4-J 6 
s.w.g. wire as shown in Fig. 13.58 will handle the power out
put of a 150 watt amateur transmitter without overheating. 
The tuning capacitor should be of good quality, have a pla te 
spacing of f.r Ju. or more and have adequate capacitance to 
tune to resonance at about half its maximun1 value. The 
link coil may be self-supporting inside the end of the tuning 
coil or alternatively a few turns of well insulated wire suppor
ted between the turns of the tuning inductance. The link 
may vary from four or five turns a t 3·5 Mc/s to one turn at 
28 Mc/s. 

PERSPEX SHEET 

"DUROFIX" HOLES 
AFTER COMPLETION 

HOLES 

'(} 
PERSPEX 

COIL WOUND ON A SUITABLE 
FORMER, REMOVED ANO WOUND 
INTO HOLES WITH A SCREW- LIKE 
ACTION 

Fig. 13.58. A suitable m et:hod of constructir a aerial coupler coifs. 
The coils s.hould be l ! in. and 3 in. in diameter, :ind the turns spaced 
fin. using 14 s.w.c. wire. If tho link coil it the outer one, turns can be 

varied easily. 

The method of setting up a n aerial coupler is firs t to reduce 
the link coupling or move the tapping point nearer the 
earthed end of the coil, and to find the resonant point of the 
circuit by noting its loading effect on the transmitter anode 
current. The aerial may next be connected or coupled in a nd 
the circuit retuned. Less power will now be drawn. so the 
link coupling must be increased. The final adjustment is to 
bring the link to full coupling and the aerial tap or coupl ing 
as tight as consistent (hlgh up the coil) with the transmitter 
still d rawing maximum input power. T he tuning shou ld be 
very broad, so that considorable movement of the capacitor 
is needed to produce significant changes; this is the condition 
of high efficiency when the network consumes a negligible 
amount of power. lf the aerial is coupled too tightly, it will 
damp the tuned circuit too much to suit the coupling of the 
link coil. The transmitter may then draw m ore anode 
current, but the aerial current will be less than optimum. 
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Balanced Circuits 

When the aerial or the feeder is balanced it is necessary to 
use an i1erial coupler which is a lso balanced, such as that 
shown in Fig. 13.59 using a split-stator tuning capacitor. The 
capacitance of cacb half of the capacitor may be the same as 

Ll 

Fig. 13.59. Aerial coupler s uit
:able for balanced aerials or 

(ceders. tlillT" -.. . 
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Ba lan«d 
~ci'1 '- Lmc 
I I 

...L '..J 

. b b 
Link 

rccommemled for single-ended couplers but since the two are 
in series, the inductance va.lue must be twice as big. Tbe aerial 
or feeder should be tapped symmetrically about the centre of 
the coil with the link coil in the centre. The adjustment 
procedure is the same as for unbalanced lines, but in addition 
it is necessary to ensure that the feeder is working as a 
balanced system if the aerial is to operate correctly. U n
balance may be brought about by stray capacitance in the 
coupler. 

T here are certain points which should be borne in mind 
with such a circuit. It is usm\lly desirable to use a low value 
of Q in order to reduce the need for circuit adjustment when 
changing frequency within a band, and to make the coupling 
between Lt and L2 variable although this is often difficult to 
achieve mechanically. 

Where the inductive coupling between Lt and L2 is fi"<ed 
it will be necessary to change the position of the taps and the 
value of Cl. 

The L/C ratio in the circuit L2/Cl is not very critical 
because by adjustment of the taps the value of the Q may be 
changed. 

T he values of L2 and Cl can be obtained by plotting the 
rcactance (inductive) against the inductance and the reac
tance (capacitive) against capacitance, for the di fferent 
amateur bands. 

A reactance of around 500 ohms is usually satisfactory for 
the centre of the band for L2 and a similar value for C J to 
bring the circuit to resonance. 

The following table gives suitable values for L2 and C l for 
the various H.F. Amateur Bands 

Band 
( Mc/s.) 

'.l-5 
7·0 

14·0 
21·0 
28·0 

L2 
(microhenries) 

23 
12 
6 

3-9 
2-8 

Cl 
(picofarads) 

90 
44 
22 
J5 
12 

Note: The values for Cl arc the actual value needed, the 
maximum value of the variable capacitor C l should be a 
little higher than the figures quoted. 

The ideal value for L1 is an inductance that results iii a 
rcactance equal to impedance of the line to the transmitter. 
For the purpose of construction it will be found that a value 
of about one tenth of L2 will be about optimum for L1 when 
the line to the transmitter is 50 ohms. Where the line is 
75 ohms the value calculated fo r a 50 ohm line should be 
multiplied by t ·4. 



lt bas already been stated that the coupling between 
LI and L2 should ideally be variable but where this is not 
possible it will be found that the positioning of the taps for 
correct matching becomes quite critical. 

Generally speaking transmitting type coi ls and capacitors 
should be used in LI, L2 and C l i.e. similar to those used in 
the P.A. Tank Circuit. 

It is desirable to use a split stator condensor in the Cl 
position, the rotor of which may be grounded or left in the 
air. 

The Mar coni Effect 

tr the total distance from the coupler to one end of the 
aerial is one half wavelength, there is a tendency for the two 
wires or the feeder to act in parallel, and produce a T-aerial 
effect. T he transmitter end of the equivalent parallel system 
has a high impedance to earth: thus a small stray capacitance 
to a Jive part of the network may feed considerable power into 
this parallel or " phantom " circuit and the feeder can of 
course, radiate Ibis power. T he visible effect is that the 
feeder wires show unequal currents or voltages. This 
behaviour of the feeder is often called the lvfarconi Effect. 

Resonant lengths of feeder should be avoided if possible 
but the following points may be noted. Earthing of the 
frame of the split-stator capacitor usually cures the un
balance, but if this fails it may be advisable to use a separate 
coupling coil for the feeder (instead of tapping it on to the 
tuning coil) wound either over, or in the centre of, the tuning 
coil. The centre point of the extra coil may be earthed di rect 
or through a 200 ohm 2 watt resistor to damp the " phan
tom " circuit. Tn any case, at the first sign of serious un
balance (e.g., unusual currents or voltages on the line) the 
aerial system should be inspected to locate a possible fault; 
the presence of excessive harmonic output from the trans
mitter may also be suspected as a cause of apparent unbalance. 

Tuning Compen sation 

Coupling the aerial or feeder to the aerial tuning unit 
sometimes makes it impossible to adjust the circuit for 
reasonably high loading. This occurs with tuned feeders with 
a high standing wave ratio when a heavy reactanoe load may 
be presented by the line. In such cases it is better to compen
sate the reeder reactance separately before transforming the 
resistance component, using a coil or capacitor connected in 
parallel with the feeder (see Fig. 13.57 (cl).) If more capaci
tance than is available appears to be required for resonance, 
then capacitance loading is needed; if the converse, inductive 
loading is the solution. A loading component of the same 
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Connect up as shown in Fig. 13.34 and adjust lhe trans
mitter power or the reflcctometer sensitivity so that in the 
fonvard reading position the meter indicates well up the 
scale with the taps set at a trial position equi-distant from the 
centre of the coil. 

Now switch to read the reflected power. Vary Cl (Fig. 
13.41) for the minimum possible reading on the meter. 

I f a low reading is not possible it will be necessary to 
adjust the tap positions always making certain that they are 
symmetrical about the centre of L2. 

If the coupling between LI and L2 is variable then after 
adjusting Cl for minimum current the coupling should be 
varied to obtain an even lower reading touching up Cl 
again. Once again if a low reading is not possible the position 
of the taps should be changed and the whole procedure 
repeated. 

Where C2 is used and the coupling between LI and L2 is 
fixed the procedure is the same but the varying of C2 should 
replace the varying of the coupling between the two coils. 

Multiba nd Couplers 

There are many variations of the aerial couplers described. 
For example, a pi-network similar to those described in 
Chapter 6 (H.F. Transmitters) for transmitter output circuits 
is often attractive because it can be arranged to cover as 
many as four amateur bands with the same set of components. 
The couplers of Figs. 13.57 and 13.59 can usually be arranged 
to cover two adjacent amateur bands but where complete 
coverage is needed it may be necessary to make up a coil 
together with its link and taps as a plug-in unit for each band, 
though there may st ill be some difficulty if the capacitor has 
too large a minimum capacitance for 28 Mc/s or insufficiellt 
maximum capaciiance for 3·5 Mc/s. 

A popular multiband aerial iuning unit for 3·5- 28 Mc/s is 
shown in Fi1::. 13.60 and is known as a Z-match coupler. lt is a 
compound network using two pairs of windings and is 

LI 

LI L2 

SPLIT STATOR 
250pF EACH SECTION 

AERIAL 

80/40 
m 

value as the coil or capacitor of the tuning circuit may be CO- AXIAL 
tried first. SOCKET.....___,~ 

·~· 

Adjusting Matching Units and Couplers 

The most accurate way of adjusting units such as have just 
been described is with the use of an s.w.r. bridge or reflecto
meter. The layout of a typical set is up shown in Fig. 13.34, 
and a suitable reflectometcr is described later in this Chapter. 

The procedure to be followed is quite simple and should 
present no difficulties ir followed carefully and in the correct 
sequence. The reflectometer should be capable of handling 
the power output of the transmitter and should be of the 
type which reads both forward and reflected power. 

0 • 

L3 L4 

Cl :1111111( C2 

Fig. 13.60(Abovo). Circuit di:irram orthe Z -match coupler. (Below) 
Suggested layout. Ct is the 1erie1 capacitor and Cl the split stator 

capacitor in the multiband tu ni na circuit. 
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capable of matching the wide range of impedances which 
may be presented by a tuned aerial line. Coils L1 and L2 
may each be 5 turns tightly coupled. L 3 and L, are 8 and 6 
turns respectively. L1 and L3 may be about 2~ in. diameter 
and L1 and L , about 3 in. diameter (Fig. 13.58) 

The series capacitor C, is 500 pF maximum and it sbould 
be noted that it is" liv~" on both sides: the frame should be 
connected to the transmiuer link cable and an insulated 
extension shaft provided. The other capacitor, C,, is tbe 
split stator type, 250 pF per section. ~ tunes the coupler 
and C, adjusts the load to the transmitter. A standing wave 
indicator (reRcctometer) is again an aid to tuni11g. C 1 and 
C, are adjusted for minimum renection and the transmitter 
can then, if necessary, be trimmrd for maximum output. 

Power Indicators 

lt is necessary to oc cautious in interpreting the power 
radiated in terms of meter readings, bec:iusc the current and 
voltage vary from point to point in an aerial system. Some 
suggestions as to what to expect may therefore be helpful. 
A 100 watt d.c. input transmitter will deliver up to I amp. 
into an 80 ohm matched line, but only about 0·35 amp, i11to a 
matched 600 ohm feeder. Tn both case:; this can be taken to 
represent true power. fn a tuned line, however, the cttrrent 
may vary over a wide range and does not reveal the real 
radiated power, though it sti ll serves for indication of tuning 
adjustments. R.f. thcrmoammctcrs are available with maxi
mum readings of 0·5 to 5 amp., but usually have a rather 
cramped and limited scale at low readings so that they cannot 
be used for widely differing currents. Care is necessary in 
cases where the current is greatly different in the same aerial 
for different bands, since these meters arc easily damaged by 
overload. 

W hen the transmitter power is very low, the current may 
be below the ra11ge of robust meters and a low wattage lamp 
is the only practicable tuning indicator. On the other hand 
the corresponding voltage even from a low-power trans
mitter is easy to indicate and Fii:. 13.61 shows the circuit of a 
simple voltage indicator, employing a germanium diode. 

IOOOp 

0 - 1 ~ 
or 0-SmA 

4 70!1 Fie. 1l.6L Sensitive germ:an .. 
ium diode voltmeter, for in· 
dicatinr aerial or line volt.are:., 
3S '1n alt e rnative to a c:urrent 

meter. 

There is no need to make direct connection to the <1crial line 
or feeder: sufficient energy can bo picked up by a very small 
capacitance coupling, using as the capacitor an i11ch or so of 
wire fixed close to one wire of an open balanced line or 
inserted into a co-axial line through n sl it cut in the outer 
sheath. The coupling wi re should be held in position by 
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adhesive tape. Sufficient coupli11g can usually be obtained to 
give several milliamperes of d.c. output: the germanium 
diode will pass JO mA without damage. The meter connec
tions can be led back to the operating position but the earth 
on the voltmeter should be to the aerial circuit earth or the 
cable sheath. 

DIRECTIVE PROPERTIES OF AERIALS 

Aerials do not radiate uniformly in all directions, first 
because there is no radiation from tile ends of a straight wire, 
and second because t he wave reflection from the ground 
produces an interfering effect which may augment or reduce 
the direct radiation in any given direction. The effect of the 
ground is mostly disadvantageous, as it generally reduces low 
angle radiation above the horizontal, though there are cases 
where it can be used effectively by placing the aerial at the 
correct height. It also helps to produce a little useful end-fire 
radiation from a horizontal wire which, in free space, has 
none. 

If there is more than one half wave in an aerial, it is found 
that the total radiation can be regarded as the resultant of a 
number of components, one from each standing wave current 
loop. fn any given direction these components may have to 
travel different distances, so that they do not arrive at a 
distant point in the same relative phases as they had in lhe 
wire. They can, therefore, augment or oppose each other. Jt 
is, however, possible to combine a number of elementary 
aerials so that their radiation accumulates in some favoured 
direction, at the expense of radiation in other directi.ons. 
This gives a much stronger s ignal !'han a single aerial would 
give in the required direction for the same power input. 

For these reasons aerials are said to be directive and to 
have gain. 

The concept of gain was discussed on page 13.3 and 
the method of calculating the gain of simple multiple 
element aerials on page 13.6. The calculation of the 
gain of aerials of a more complex form, such as long wires 
with extended current distribution or Yagi aerials with 
parasitic elements, is very complicated; often it can only be 
deterroined by integration of the power flow in the solid 
polar diagram of the aeria l. 

Prom the point of view of the amateur, the gain of the 
more conventional types of beam aerial is already known, 
and it is practicable to construct beam aerials with moderate 
gain. 

Before studying directive arrays, consideration must be 
given to the form of radiation pattern required by an amateur 
station. It is frequently desired to be able to work in any 
directionofthecompassand this can bcacc-0mplished best by 
the use of a number of separate aeria.ls. These require con
siderable space and more often it is necessary to use a com
pact rotating beam aerial. The directive pattern of such 
aerials not only gives gain and stronger signals, but in 
reception also helps to reduce interference from unwanted 
directions. 

Beside directivity in compass direction (azimuth) it is also 
necessary to have the correct type of vertical radia tion 
pattern. It has been shown in Chapter 12 (Propagation) how 
short wave signals travel round the world in a number of 
"hops." Since each hop introduces attenuation, a minimum 
number is desirable. This means that for long distance work 
low-angle radiation is most effective and experience indicates 



that the maximum radiated power should leave the aerial 
at an angle between 5° and 15° to the ground. For shorter 
ranges, say from the skip distance u p to 1000 miles or so, 
a higher angle is needed. T he most useful aerial for general 
work is therefore one which sends most of its energy at 
low elevation, but leaves a little at higher angles for short 
range work. The vertical aerial docs just this, but has no 
directivity in azimuth and is said 10 be omnidircclional. 
W ith horizontal aerials it is not usually possible (except at 
21 and 28 Mc/s) to place the aeria ls sufficiently high to 
achieve very low angle radiation, and directive aerials are 
therefore used to force the radiation down towards the 
horizon. 

Long wire aerials have very definite radiation patterns, 
as will be seen later, but these patterns have several main 
beams or Jobes and hence the gain is not so great as when 
most of the transmitter power is concentrated into one 
main beam. In order to achieve the latter condition, two 
or more elements, such as half wave dipoles, arc combined 
in special ways and the combination is called an array. 
There are two general classes of array-the broadside 
array in wbich the main beam is a t right angles to a plane 
containing the elements and the end-fire array in which 
the main beam is in the same direction as the row of ele
ments; the two classes nre illustrated in Fig. 13.62. It 
should be noted that the term end-fire refers to the layout 
of t he array and not to the ends of the wires, although the 
term is sometimes applied to a long wire, bccnuse its 
direction of maximum radiation lends towards the direc
tion of the wire. 
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Fig. 13.62. Horixontal (left) and vertical (ri1ht) broadside and end
fi,.e arrays., illustl'"ating the terms. The arrows indicate directions of 
maximum radi ation and the volt:aae standina waves on three of the 
aerials show their relative polarity o r phase. Tho remaining aeri al 

is a three element parasitic array and is unidirec;tion:il. 

Radiation Patterns and Polar Diagrams 
In order to send tbe maximum signal in a given direction 

horizontal plane directivity is required, but lo ensure that the 
signal "reaches out" vertical plane directivity is necessary. 
Each of these contributes to the total gain of the aerial. To 
illustrate the radiation pattern of an aerial, polar diagrams 
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are used in the form of curves, the radius of which in any 
direction represents the relative strength of signals in that 
direction. 

The radiation from an aorial occurs in three dimensions 
and therefore the radiation pattern is really a solid surface; 
for example, the solid pattern of a half-wave dipole on page 
13.4. A polar diagram is any section of the solid shape and a 
large number of sections may be necessary to derail com
pletely an aerial radiation pattern. In practice it is neces
sary to be content with two polar diagrams taken in 1hc 
principal planes, usually the horizontal and vertical, and 
giving the two cross-sections of the main beam. 

Where the polar diagram has a definite directional 
form, the angle between the directions where the power 
radiated is half the value at the point of maximum gnin 
( - 3db) is called the beam width. These points a.re marked 
on Fig. 13.96 on page 13.56. 

To avoid confusion when discussing radiation, directions 
in the horizontal plane are referred to as azimuth; angles 
above the horizontal, in the vertical plane, arc called wave 
angles or directions in elevation. Confusion often arisos 
additionally when the expression horizontal (or vertical) 
polar diagram is used, unless it is made clear by a statement 
of the polarization of the aerial with respect to the Earth's 
surface. When reference is made to the polar diagram of an 
aerial in free space, the terms horizontal and vertical have 
no meaning, and the more precise descriptions of E-plane nnd 
H-plane polar diagrams are to be preferred. Tbese are unam
biguous, since the direction of the electric and magnetic fiolds 
around the aerial is a function only of the direction of curront 
now. The electric field (or £-plane) is parallel to the direction 
of the current and usually therefore parallel to the radiating 
wire. The magnetic field (or H-plane) is at right angles to 
the current and therefore normal to the radiating wire. The 
polar diagram of the half-wave dipole illustrated in F ig. J 3.5 
is then an £ -plane diagram: the H-plane diagram of the 
dipole will be a circle. Such an aerial is then said to possess 
£-plane directivity, and is omni-directional in the H-plane. 

No matter what name is used to describe the palar 
diagram, it should be remembered that these radiation pat
terns are for long distances and cannot be measured locally 
withlo a distance of many wavelengths from the aerial. 

Construction of Polar Diagrams 
Fig. 13.63 is a plan of two vertical aerials A and B, spaced 

by one half wavelength, and carrying equal in-phaso cur
rents. A receiver at a large distance in the direction a at right
angles to the line of the aerials (I.e. broadside) receives equally 
from both A and B. Since the two paths are equal the 
received components are in phase and directly additive, 
giving a relative signal strength of two units. In the direction 
b the siimal from A travels one half-wavelength further than 
that fro~ B. The two received components are therefore one 
half cycle different, or in antiphase, and so cancel to givo zero 
signal In an intermediate direction c the two paths are 
effectively parallel for the very distant receiver; but one com
ponent travels further by the distance x. la tbis case the 
components have a relative phase</> = 360 x/>i degrees. The 
addition for this direction must be made 1•ectorially using the 
"triangle of forces" also illustrated in Fig. 13.63 in which 
the two equal lines representing-signal strength from A and B 
are set at the phase angle tfi which corresponds to tho path
difference x; the total or resultant signal is equal to the 
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Fig. 13.63. The radiation pattern of two sources can b~ calc:ulated 
by vector addition of the respective field contributions at various 
angles of azimuth. For simple arrays this can bo converted into a 

tria:ometrical formula. 

relative length of the line Er. which completes the triangle. 
This process could be carried out for all directions, but is 
tedious and it is usual therefore to convert the operations to 
a trigonometrical formula from which the result can be 
calculated more quickly. 

In the general case of two aerials carrying equal but 
dephased currents and spaced a distanced apart, the appro
priate formula for the .fl-plane polar diagram is: 

( 7fd "' ) £ = 2£0 cos -X- cos fJ + 2 .... (i) 

where 0 is the angle measured as shown in Fig. 13.63, <f> is 
the electrical phase difference between the currents in the 
two aerials, and E0 is the value of the field from one aerial 
alone in the direction 0. In the particular case illustrated in 
Fig. 13.63, rf> = 0, £ 0 is constant for all directions of 0, and 
d = '),/2, so that the shape of the polar diagram can be 
plotted from the expression: 

E = cos ( ~cos 0) 
The absolute magnitude of the field E will depend upon the 
actual value of the current flowing in each aerial and is of no 
direct importance when calculating the shape of the pattern. 
It c-0mes into account only when the relative patterns of two 
aerial systems are being considered and the question of gain 
arises. 

The polar diagram found in this way is a figure-of-eight, 
the curve marked 'A/2 in Fig. 13.64(a). lf, on the other hand 
the two aerials had been in antipbase, the resultant signal 
would have been zero in the direction a and maximum in 
direction band the polar diagram as in Fig. 13.64(b). 

In that case,</> = 180° (or 7i) in expression (i) above, and 
the fommla for the polar diagram becomes: 

E = cos G cos 0 + ; ) 

== sin G cos II) 
This expression for the anti-phase aerials is very similar in 

form to that for the in-phase aerials, and the change from 
cosine to sine reveals that the general pattern shape is the 
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same, but turned through 90° of azimuth. This is confirmed 
by the curves of Fig. 13.64. 

A similar procedure is used if the aerials do not carry equal 
currents. or if they have an arbitrary phase relation. Jn this 
case the sides of the triangle would be drawn in lengths pro
portional to the two aerial currents and the relative phase of 
these currents would be added to the angle </> due to path 
differences. 

The path difference x and phase q, of course arc propor
tional to the spacing between the aerials, which in the 
example above, was one half wavelength. Jf the spacing is 
one wavelength then the phase difference changes twice as 
rapidly with change of direction, and so there are twice as 
many maxima and minima to the pattern, giving the curves 
marked ,\in Fig. 13.64. These patterns are said to have four 
lobes. 

With increased spacing between the two aerials, more lobes 
appear, two for each half-wave of spacing, and the pattern 
becomes like a flower with many petals. This typo of pattern 
is not very useful, but if the intervening space is filled with 
aerials spaced >./2, one pair of lobes grows at the expense of 
all the others, giving a sharp main beam with a number of 
relatively small minor lobes. This is the basis of stacked beam 
arrays. ICshould be noted, however, that the beam is only 
developed in the plane in which the array is extended; a 
broadside array of aerials all in· phase produces a beam which 

(b) 

OPPOSITE 
PHASE 

270° 

270° 

Fie. 13.6"4. Horiz.onta.l polar dia1ram1 of two vertical aerials spaced 
')./l and ).. The upper diarram is for aerials in phase, the lower 
dia1ram for antiphue e:onnection. If separate feeders are used t.he 
patt,ern can be chanced by revenins polarity of one feeder. Direc
tions 90•, 270° are broadside: o~. 180(J end-fire .. Note that the end. 

fire diagrams oare broader than the broadside ones 



is narrow in the horizontal plane, but its vertical pattern is 
the same as that of a single aerial. It is therefore necessary to 
exteod a stacked array in the vertical direction to obtain a 
sharp vertical pattern. In an end-fire array where the aerials 
are spaced and phased to give the main lobe along the line of 
aerials, the vertical and horizontal patterns are developed 
simultaneously by the single row of radiators because the 
array is extended simultaneously in both of these planes. The 
azimuth pattern of an end-fire array is always broader than 
that of a broadside array of the same length; this effect can 
be notod in the patterns of F ig. 13.64. 

Although the trigonometrical formula for the polar dia
gram of a large array may be very complex, and therefore 
laborious to plot in full , it is always readily possible to find 
the directions of minimum radiation or nulls by solving the 
equation for 0 when E is made equal to zero. 

Unidirectio nal Patterns 

The patterns so fa r considered are symmetrical : a some
what difTeront combination of aerials gives a unidirectional 
pattern. The two dipoles in Fig. 13.65 are conncctod a 
quarter-wave apart along a common feeder, wi th a wave en
tering from the left. In the direction away to the right_i( does 

Fig. 13.65. lllu1tr.i.tin1 tho fu ndamenta l pri ncip le of the driven re
nector. T he two wave co m ponents have equal path lencths in one 
d irec.tion. and thorefore add, but in the ot her d irectio n t he paths 
d iffer by ")../2 a nd the compone nts cancel. The polar diacra m is th e 

c eomet riul ficur e called a Grdioid (heart shape) . 

not matter whether radiation leaves via the first aerial or the 
second ; it takes the same time to reach its destination. Thus 
to the right, the components of radiation are additive because 
they are in phase. T his is shown by the upper set of broken 
lines. To the left, however, the wave from the end dipole has 
to travel further than that from the first dipole by a distance 
equal to twice the spacing between them. This extra journey 
is one half wavelength and hence the two components differ 
in phase by 180° and cancel. Because of the >./4 spacing the 
currents in the two aerials have a phase difference of 90° and 
are said to be in quadrature. 

The actual shape of the pattern can again be determined by 

H.F. AERIALS 

substituting the appropriate values ford and </> in expression 
(i) given earlier, to give the formula : 

E = cos (-icose - ~) 
This fundamental principle is often used in broadside 

arrays in order to make the sharp radiated beam unidirec
tional by placing a second set of aerials a quarter-wave 
behind the main set. For the same reason, long end-11re 
arrays are built with quarter-wave spacing and progressive 
90° phasing. In pract ice, however, it is extremely difficult lo 
arrange the feeder so that the dipoles have the required 
currents and phase, and parasitic reflectors arc more often 
used instead, as will be described later. 

Array Factor 

The radiation pattern of a large aerial array can often be 
calculated by breaking down the array into units of which the 
individual pallero is known, and then combining the pallerns 
of the units together. For the purposes of combining the 
unit pallerns, each is assumed to be a " point source" of 
radia tion, located at its physical centre, such as the aerials A 
and B in F ig. 13.63, and an expression F, derived for the 
pattern of these sources. The fi nal pattern F of the whole 

'A ------ .... --- - 2- - - ..... ..i, ---
0 ...__ 0 0 ~,.,.,,. 0 

A'----~ ------- 8 
TWO HALF· WAVE DIPOLES IN ANTIPHASE 

SINGLE HALF-WAVE 
DI POLE PATTERN 

PATIERN TV.O POINT 
SOURCES 

A-8 SPACED } 

~----'~·~~-...... ~~----0 0 <.,.,. .... _ __ ..... 

PATTERN OF FULL- WAVE AERIAL 
PRODUCT O F Fl x F2 

Fir. 13.66. T h e a r ray factor. Each dipo le has .. pattern l iko Ft . Two 
•ource • in oppo1i te phase at A a nd B wou ld have a pattern llke Fl . 
For "ny direction (e.r. the arrow• ) the chord Ft is multiplied by 
t hat or Fl for the same angle. W hen t h is is d one for a ll ana les t ho 
patt~rn shown at the. bottom is obtained for tho complet·e ;lerial. 

aerial is then obtained by multiplying F, by the pattern of the 
i1Jcl ividual un its F2 so that: 

F= F1 x F, 

The expression F,is known as the unit pattern and F1 as the 
array factor. 

For very large arrays of dipoles th is technique can be 
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repeated by successive breaking down of the array into 
smaller and smaller units. The application or the array factor 
to tbe determination of the .£-plane polar diagram for a pair 
of collinear antiphased hair-wave dipoles is shown in Fig. 
13.66, where F is the final pattern, F1 that of the dipole and 
F . the array factor or pattern of the set of point sources. F 1 is 
wiity for the azimuth pattern of vertical aerials. If each aerial 
were fitted with a reflector, then another multiplying factor 
would be included to represent lhe cardioid (heart shape) of 
Fig. 13.65. 

A particular application of array factor is the conversion of 
H-plaae to £-piano polar diagrams for arrays made up of 
parallel half-wave dipoles. Once the H-plaoe pattern has 
been established by measurement or calculation, the £-plane 

+ + 
0 0 

~?.-~ 
+o-I 

-9d'o· ~ H- PLANE DIPOLE 
FACTOR E· PLANE 

Fig. 13.67. Conversion of H·pl:.ne to £-plane polar di:.cr:.ms using 
the principle of array factor. 

pattern is obtained merely by multiplying the H-plaae pattern 
by the dipole factor Fd (the £-plane pattern of a single half
wave dipole) so that: 

.£-plane = H-plane x F4 

Since the half-wave dipole possesses £-piano directivity 
normal to its ax.is tho elTcct of converting the If-plane dia
gram is to sharpen it in the directions at right angles to the 
axis of the dipoles, at the expense of radiation in the direc
tions a long the axis of Lho dipoles. This is illustrated in Fig. 
13.67 which shows tho E and H-plaue diagrams for an array 
of two parallel dipoles with reflectors. 

Vertical plane diagrams are fouucl in the same way, by 
treating the aerial and ils image in tho ground as an array of 
two sources spaced by twico tho height of the real aerial. 

Vertical Rad iation Patterns over Earth 

The relationship between the sign of the aerial and its 
image for the separate cases of horizontal and vertical 
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+ 

+ 

VtZrtical Polarization Horizontal Polarization 

Fie. 13.68. Images of aerials :>bove a renocting ground plane. The 
vertically polarized aerial produces an imaae which is in pha.se and 
supports radiation along the earth's surface. Tho horizontally 
polarized image {reverse the imaco poladty shown) 11 in anti·phase 

and cancels the radi ation along tho earth's surface. 

polarization is shown in Fig. 13.68. l o the case of the hori
zontally polarized aerial, tho image is of opJ)Osite sign or 
phase, and the resultant field along the surface of the reflect
ing piano will always be zero. Jn the case of tho vertically 
polarized aerial, the image is effectively of the same sign as 
the aerial, and the radiation is reinforced along tho surface 
of the reflecting plane. For this reason only a vertically 
polarized aerial can give rise to a ground wave, there being 
little or no radiation at low angles from a horiz.ootalJy 
polarizod aerial. 

A number of useful vertical pauems are given in Fig. 13.70 
from which it will be seen that choice of correct height is 
much more important for a singlo aerial than for arrays 
which themselves tend to radiate at low wave angles. 

Effect of Earth Conductivity 

When considering the effect of the ground on the radiation 
from an aerial, the ground was assumed to be a perfect con
ductor and, therefore, a perfect reflector. The vertical plane 
diagrams of Fig. 13.70 are based oo this assumption, but in 
practice the soil is often far from perfect, behaving rather 
like a clouded mirror and giving a weak image. 

This bas tho effect that the vertical plane polar diagrams 
differ from the ideal diagrams fot perfect reflectors. 

h = Ji. 6 

I I~ 
h 

~T 

Fig. 13.69. Effect of ground Gonductivity and Brewster reflection on 
vertical radiation pattern or a vertically polarized aerial over a 

practical earth. 



In Chapter 12, Propagation, reference was mado to the 
Brewster effect and the resulting differences in the reBecting 
properties of the ground for horizontal and vertical polariza
tion. In the former case the effect is small, and there is little 
difference between the ideal and actual vertical polar dia
grams of horizontally polarized aerials over any but earth 
of the poorest conductivity. However, for vertically polarized 
aerials, the radiat ion at low angles in the vicinity of the 
Brewster region (J0-15°) is greatly reduced over poor groun d, 
and degraded oven over ground of relatively high conduc
tivity. Typical of the manner in which tbe actual vertical 
pattern departs from the idealised one is the diagram of 
Fig. 13.69. A more soarching treatment of this aspect is to 
be found in Reference (5). 

Total Radiation Patterns over Earth 

All the preceding references to polar diagrams in the E or 
H-plancs or an aerial, are derived for radiation of the appro
pria te polariza tion. For aerials in free space, tbe diagrams 
are entirely valid for there is no external influence to produce 
any effective change of polarization. In free space there h 
literally no radiat ion off the ends of a dipole, and the £ -plane 
diagram correctly falls to zero ln those directions. 

If a dipole is disposed horizontally above an earth plane 

90" 

0 · 2 .4 ·6 ·8 
(o) (b) 

(d) 
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acting as a reflector, there will then be some radiation off the 
encl at angles of elevation other than zero, and tbls radiation 
wi ll be vertically polarized. This effect can be appreciated 
by bolding a pencil parallel to the surface of a mirror and 
observing the image from the end-on direction at various 
heights a bove the mirror. 

fn Chapter 12, Propagation, i t was explained that during 
h.r. propagation by means of ionospheric ref:lection, the 
waves undergo ran dom changes of polarization in the iono
sphere, and the resultant signal at the receiving end is the 
sum of the various components of differing polarization. 
Consequently, energy radiated a t the sending end at the 
desired a ngles of elevation but with different polarization can 
also be eonsidered useful since it will contribute to the total 
received signal at the remote end, and it is therefore necessary 
in practice to examine the effective radiation pattern in 
azimuth or the horizontally polarized aerial over the reflect
ing earth, taking into accoun t the total energy radiated in 
each d irection irrespective of polarization. 

The free-space £-plane polar diagram of a horizontal balf
wave dipole is shown in Fig. 13.71(a). This also represents 
the total horizontally polarized radiation in azimuth, for all 
angles of elevation above the ground. To this must now be 
added the contribution of vertically polarized radiation 
a rising as a result or the presence of tbe reflectin g ground. 
This is a function of the particular angle of elevation, and 

(c) 

t. 
he 2 

(t) 

Fie. 13.70. V~rtic;a.I p lane radiation patt.erns. (a. b) Vertical aerials. (c, d) Horixonu.I dipole$ and colline.ar arrays. (e) Broad side horixonta.1 
arrays. ( f ) End.lire horizontal system.s-e.g. WSJK.. O nly hair of each pattern is shown: they are symmetrical about the vertical a.xis, uni us 
reflectors are a lso used. Diac~ms (a) -and ( b) hold for a ll ~imuth d irections: th e r'ema..inde ,. are for broadside d irection only. The 

beamwidth in u.im u'th depends on the lenrth o ft.h e arn.ys . as shown in Fig. 13 .. 96. 
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results in a variable degree of" filling in "of the uulls on the 
ideal E-plane diagram indicated by the broken line on F ig. 
13.? l{a). For any given aerial height above ground, and for 
any particular angle of elevation, it is possible lo obtain the 
basic horizontal pattern from Fig. 13.?l{a), apply a scale 
facto r derived from the curves of Fig. J3.70(c)(d) for the 
appropriate wave angle, and add in the vertically polarized 
radiation off the ends to arrive at a total azimuthal radiation 
pattern appropriate to that particular height and e/evarion. 
Examples of such patterns are given in Fig. 13.?J(b) for an 
angle of elevation of 30° above the horizon, and Fig. 
13.?t(e) for an angle of J 5°. ll is important to note that the 
dipole tends only to exhibit reasonable horizontal direct ivity 
at the lower wave angles, and is tending to become omni
directional for the higher angles associated with short skip 
propagation. 

DESIGNS FOR PRACTICAL A ERIALS 

The first sections of this chapter have been devo ted to the 
general aspects of aerials and transmission lines without any 
specific attempt to relate these to the particular rcquiremcntS 
of any one amateur frequency band. The rest of the chapter 
deals with practical aerial designs and has been divided into 
those suitable for the low frequency bands (1 ·8 Mc/s and 
3·5 Mc/s), and those which the average amateur can expect 
lo rea lize for the higher frequency bands fro m 7 Mc/s to 
28 Mc/s. A separate section is devoted to the use of vertica l 
aerials, which behave ra ther as a class on their own, relative 
to the wide range of horizontally polarized aerials, and are a 
type of aerial which can be made to work fairly well on all 
bands from 3·5 Mc/s upwards, and can be contained within 
a reasonable physical size. 

(a) (b) 

LOW FREQ U EN C Y AERIALS 

Marcon i Type 

The simple types of aerial described so far have been 
illustrated as horizontal aerials. On the lower frequencies, 
the l ·8- 2·0 Mc/s and 3·5- 3·8 Mc/s bands, there is often in
sufficient space to erect such an aerial and even if there were, 
it is unlikely that it would be possible to erect it sufficiently 
high to be really effective. In such cases some form of 
Marconi aeria l is used. This is essentially a vertical aerial, 
working against an earth connection ; the inverted L type is 
also usua lly considered to be a Marconi type aerial. In these 
aerials the image of the aerial in the ground is used to help 
make up the effective length to half-wave resonance. 

The choice of a vertically polarized aerial for the lower 
frequency bands follows from the propagation characteristics 
explained in Chapter 12. Oo these bands there is little or no 
ionospheric propagation during the daylight hours, and a 
restricted amount during the period of darkness. The pre
dominant mode for most of the time is ground-wave, and 
th is can only be rad iated by a vertically polarized aerial, 
which then represents a reasonable compromise between the 
conflicting day and night requirements. 

The ideal length for a vertical aerial working against earth 
is one quarter-wave and since it is in effect a bisected half
wave aerial, its radiation resistance is about 35 ohms, i.e. 
half that of a half-wave dipole. Such a height is not usually 
possible, even for 3·5 Mc/s where it would be 66 ft. , and 
hence it is necessary to use an electrically short aerial and to 
load it in such a way as to bring it to resonance, and if 
possible to increase the radiation efficiency. An aerial one 
tenth of a wavelength high (50 ft. for 1 ·8 Mc/s) has a radiation 
resistance of 4-5 ohms. This would net mailer if the earth 
wore a perfect' conductor, but it is.far from being so, and the 
resistance due: to a most elaborate earth system, together with 

tel 

Fie. t l.71. Total az imuthal rad iation patter"n of a horizontally polarized h:alf .. wave dipo le 01.t varyin1 he ights above a perfe:c-tly reflect ing 
earth. (b) At a w ave anale of 30°. {c) At a wave a.nsle of tS0

• The curves are of rela tive field and are to the S4\m c seal~. Poo,.er e arth reflec
tions w ill tend to emphasise the min ima off th~ ends or the dipole. 
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the loss clue to the current returning through the surface, may 
contribute 20 ohms or more. The efficiency is thus low. At 
higher frequencies where vertical aerials arc used for the.ir 
desirable low angle radiat ion properties, ground plane 
systems can be used to reduce earth loss, but at the lower 
frequencies they would be too large and other methods of 
improving the efficiency must be sought. 

The relative efficiency of various combinations of earth 
resistance and aerial height are considered in more detail in 
the following section on Earth Systems. 

lt is the centre part of a tuned aerial, where the current is 
highest, that is responsible for most of its radiation. T he ends 
(where voltage is high but current low) do not contribute 
much to the radiation, but are necessary in order to bring the 
aerial to resonance and build up the current at the centre. 
When the full resonant length cannot be erected it is neces
sary, in order to increase the efficiency, to load the remote 
end of the aerial in some way so that its electrical length is 
increased and so move tho current maximum into the vertical 
part of the aerial. Another procedure is to increase the total 
effective length of tho norial to more than a quarter wave. 
This raises the impedance at the feed point, so that the power 
loss due to the resistance of the earth connection is relatively 
less. 

The simplest form of loading is to add a horizontal top to 
make a Tor inverted L aerial (Fig. 13.72 (a)). This loading 
should be arranged to create a current maximum in the centre 
of the vertical part. The distance from this point to the end 
of an L aerial is about 130 ft. for l ·8 Mc/s but somewhat less 
for a Taerial. If this cannot be clone, the next alternative is to 
increase the loading effect of the top by making it into a cage 
or "flat top" of two or three wires joined in parallel; this 
increases the capacitance and effeciively lengthens the aerial. 
rr this procedure is not prac1icable, the aerial may be loaded 
by including a length of folded or coiled wire (see Fig. 
13.72(b)) near the free end of the aerial. The coil must be 
arranged with care, using the same size wire and avoiding 
sudden bends so that the standing wave starts from the far 
end of the aerial and not from a reflection at the coil. It may 
be inconvenient to support the coil in tho middle of the top, 
but if it is to be fitted to the mast at the far end of the aerial 
then it must be given a capacitance "platform " to work 
against. This can take tho form of a large can or closed 
screen of wire enclosing the loading coil, the far end of which 
is connected to it. This loading is a very noticeable help 
where the total space only allows the erection of a wire one
eighth of a wavelength long and makes it possible to obtain 
useful resu.lts on the l.f. bands when the loft of a house is the 
only place for the aerial. 

Other methods of end loading may be devised; for 
example, folding 1he aerial back on itself with spacing of, say 
6 in., the aim being to bring the desired current maximum 
into the main part of 1he aerial. 

Aerials for 1·8 Mc/s with relatively high input currents are 
preferably series-tuned, using about 250 pF capacitance with, 
say 30t•H inductance. A sui table coil for I ·8 Mc/s could be 
made with 20 turns of 16 s.w.g. wire on a 3 in. diameter 
former, and spaced lo occupy a length of 3 to 4 in. The 
lransmillcr link could be tapped across a few turns at the 
earthed end of the coil or the wire itself coupled to the 
transmitter output tank coil. About half the values given 
should be used for 3·5 Mc/s. 

To reduce the delc1erious effect of an imperfect earth 
connection the aerial may have a total length of about 

R.F. AERIALS 

(o) (b) 

(c) 

Fir. 13.n. Aerials for low frequenq bands. (a) Quarter-wave 
(inverted L} aerial w ith series tun inr. (b) End loadinr to n.isa the 
efficiency of ~ short ae rial. (c) Specio1I extended aerial wi th high 
effici ency, detai led in text. The input current in aerials (3) and (b) 
may be O·S amp. for 10 watts input; that in (c} is low, HY 0·1 a mp for 

10 watts. 

~ or i of a wavelength while still maintaining the maximum 
current in the venical pan. A very effective aerial is shown 
in Fig. 13.72(e) where the main half-wave is folded into a U 
with one leg near the ground and adjusted in length until 
maximum current occurs at a point half way up the right
hand vertical section. Tho down-lead makes the total length 
up to about t of a wavelength, so that the impedance at the 
feed point is a few hundred ohms and capacitive, whilst the 
earth current is relatively low. The coupling circuit for this 
aerial should be parallel tuned and use the components 
described for Fig. 13.72(b). 

The J ·8 Mc/s aerials of Figs. 13. 72(a) and (c) can also be 
used effectively on 3·5 Me/s and higher frequencies, though 
it is difficult to predict their precise performance. 

Earth Systems 

The earth system employed has a considerable effect upon 
the overall efficiency of a low frequency aerial when the 
ground acts as the return path for the fiow of r.f. currents. 
This is most commonly met at frequencies up to 2 Meis when 
the aerial system in use comprises an unbalanced radiator, 
often partly or wholly vertical, with an effective length up to 
a maximum of a quarter-wavelength or just over. In such 
cases the aerial is driven by a generator connected between 
the bottom of the radiator and the ground (Fig. 13.73). 

The current distribution along the radiator is such as to be 
a maximum value at or near the ground, decreasing approxi
mately sinusoidally lo the end of the radjator at which point 
it must be zero. Because of the current in the radiator, 
charges are induced in the earth surrounding it, to give rise 
to a conduction or circulating current which flows back to 
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the generator. T his current flows in the ground at a pene
tration which varies with frequency and near-surface con
ductivity, decreasing as both increase. Tho not effect is to 
include in the series circuit representing the aerial system, a 

CURRENT DISTRIBUTION 
ALONG RADIATOR -----........ 

........ 
' -- ', CURRENT FLOW 

.... , 
' \ 

\ 
I 
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'"' \ \ 
I 
I 
I 
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Fig. 13.73. Current d istribution on a short vertical radiator over a 
plane oarth. 

resistive loss term tl1rough which the aerial current flows, and 
which is dependent upon the near-surface conductivity in 
the neighbourhood of the aerial. 

In order to determine tho aerial elliciency we need to 
compare the power dissipated in tho various resistive clements 
of the circuit: reactive clements can be ignored, the only 
losses associated with them being the small ohmic losses of 
practical induc1ances, and tho equally small dielectric loss of 
practical capacitors. Fig. 13.74 shows tho overall circuit 

Fig. 13.74. Equ ivalent' circuit for a sho r t vertical aerial over a plane 
earth. 

RL - ohm ic; lo11e1 
Rnd r - rad i:a.tion re1isance 
RE - effective earth ruistance 

losses, which comprise the ohmic loss R 1, of the aerial tuning 
components and the aerial conductor itself, the radiation 
resistance R,o<1, and tho earth loss resistance R6 . 

Radiation resistance is a fictitious resistance which is 
included to account for the power dissipated by radiation, 
i.e. its value is determined by the useful radiated power and 
the cu rrent flowing in the aerial at the feed point. It does 
not exist as a physical resist.anco in the same way that R1, 
and Re do. Of tho three resistive clements dissipating power 
(by 12 R), only that in R,.,i can be considered useful: that in RL 
and R8 is totally wasted as heat, although it still has to be 
supplied by tho transmitter. Since the same current flows 
through all resistances, the efficiency of the aerial system 
is given by: 

po111er radiated 
Efficiency 11 "" po111er supplied 
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To all intents and purposes Rr, can be neglected, being 
typically a fraction of an ohm. Thus any increase in Rrr or 
decrease in R,"' will degrade the aerial efficiency as a 
radiator. Tbe value of R, .. is fixed for a particular aerial by 
its physical size and shape, being typically 35 ohms for a 
vertical quarter-wave wire, and as low as 9 ohms for a vertical 
sixth-wave wire. Hence the shorter 1he aerial (electrically) 
the better is the earth system required to maintain a given 
efficiency. This can also be expressed by saying that for a 
given input power, the shorter aerial with lower radiation 
resistance gives rise to a larger feed current, and beoco the 
earth Joss must be reduced to compensate. The value of R8 

varies widely, from as much as 300 ohms for sandy soil, to 
as low as 2-3 ohms for a comprehensive earth system in 
good soil. 

Fig. 13.76 shows how the aerial cllicicncy varies with 
effective electrical height for differing values of earth loss 
resistance. It is interesting to note that with a very good 
earth system (R11 < 2 ohms), an eighth-wave vertical radiator 
is almost as efficient as a quarter wave radiator over the 
same earth, the figures being 95 per cent and 66 per cent 
respectively, or J·6db. Allowing for tho difference in field 
strength due to tho shape of tbo radiation patterns, the 
eighth-wave aerial would be 1 ·7db down on the quarter-wave 
version at a distant point. If the earth loss were that of a 
simple" spike in the ground," typically 100 ohms, tho field 
strength from the shorter aerial would bo 8·5db down on 
the quarter-wave aerial, which itself would be only 27 per 
cent efficient. Fig. 13.75 shows the variation in field strength 
relative to a quarter-wave vertical aerial over a perfect earth, 
for varying values of effective earth resistance, and for two 
different aerial heights, negle~ting ground wave losses. 
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From what has been said it is clear that attention lo the 
eartb system of a base-fed radiator will pay large dividends, 
but the question now arises how tho effective earth loss can 
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in practice bo reduced. The figure of 100 ohms for a single 
spike in sanely soil is not unrealistic, and to reduce this figure 
to t11e 2-3 ohms of a near perfect earth is beyond the scope 
of most amateurs, requiring as it would a massive system of 
rad ial earth wires, in excess of 120 in number and extending 
far out up to a wavelength from the base of the aeria l- a nd 
all this in best quality agricultural ground as well! Io 
practice, the best rule of thumb is to get as much copper wire 
into the ground as possible in the immediate vicinity of the 
aerial base, concentrating it near the aerial at the expense of 
the edges of the garden. The radial wires should be at least 
16 s.w.g., and buried as near the surface as possible consistent 
with their remaining un disturbed by gardening activit ies since 
the deptb of current penetration is a function of the near
surface resistivity. The inner ends of the wires should be 
joined to a heavy copper circular bus-bar (say 6 s.w.g. wire 
in a 12 in. diameter loop). Brazing is to be preferred for 
resistance to corrosion, although soft soldering is adequate 
provided the joints are painted with a bitumen paint to seal 
out moisture. T ho connect ion from the bus-ring to the earth 
terminal of the aeria l tuning unit should also be by heavy 
gauge wire or wide strip to keep down both t he resistance and 
the series inductance of this connection. It is permissible but 
not essential to join the outer ends of the wires, but too much 
interconnection will result in large circulating currents being 
induced in the buried loops with a consequent increase in 
losses-the opposite in fact of the desired result. 

T he remarks in the previous paragraph are part icularly 
applicable to the majority of amateur aerials for the l.f. 
bands, where the length is less than a quarter-wave, and the 
current maximum is at the base of the aerial. For those few 
in the position to erect verticals (natural or loaded) with an 
effective length approaching a half-wave or even five-eighths 
wave, which is the optimum height of a vertical for maximum 
field st rength a long the ground (i.e. ground wave as distinct 
from sky wave}, the radial earth system is more efficiently 

H.F. AERIALS 

used and can consist of uniformly long wires in radial lay
out. There is no necessity to achieve a greater concent ration 
of copper in the vicinity of the aerial than provided by such 
an arrangement. The reason for this is that with aerials in 
excess of a quarter-wave in length, the current maximum 
on the aerial moves up the wire away from the base, 
assuming in fact a position which is always electrically a 
quarter-wave from the remote end of the aerial. The current 
distribution in the ground is similarly modified, reaching a 
maximum value at ibe region away from the base of the 
aerial, and it is in this region rather than at the base itself 
where the maximum losses will occur. For any number of 
mdial wires, the copper is then used more efficiently in such 
cases (Figs. 13.77 and 13.78). 

F inally, a word of warning about ground connections. lt 
is sometimes suggested both in writing and over the air that 

Fi11. ll.77. Typical r adi a l earth system for a short vertical ae rial. 
The earth curre nts are concentrated near the base. 

a rising water pipe is a good earth. This is most unlikely in 
practice since the amount of pipe in contact with the earth 
i11 the vicinity of the aerial is not large, and the contact 
resistance wiU be indefinite because of corrosion deposi ts on 
the outer of the pipe. There will probably be indifferent 
contact bet.ween lengths of pipe at the screwed unions 
because of the sealing compounds used, and in any case 

Fir . 1J.78. Typic:il r ad ial' earth s ystem for a tall vertica l tler ial. 
The d istribution of earth c urrent is more un iform. 

13A7 



RSGB-RADIO COMMUNICATION HANDBOOK 

modern practice is to use a plastic tubing which will negate 
the whole exercise. 

The earth co1111ec1io11 of the electricity supply is dangerous 
and may introduce noise into the receiver or be responsible 
for spreading interference to nearby television receivers. The 
transmitter earth connection should be separate from the 
safety earth for tbe equipment in the station, as it is part of 
the aerial system, carrying r.f. power. 

1t is a mistake to bring a long " earth " lead into the radio 
room, which is often some distance from the point of con
nection to true canh, being in the limit on the upper floors of 
a building. The result of this is that the long earth lead will 
necessarily radiate since it carries the aerial feed current, and 
in consequence tbe equipment in the shack will be up-in-the
air to r.f. wi th many consequent problems of filtering and 
feedback. A far belier nrrangement is to install tho a.t.u. in 
a box at ground level immediately adjacent to the earth mat 
connection, and to connect back to the shack with a low 
imp'!dance co-axial line matched into the a.t.u. This will not 
only isolate the shack from the radiating part of the aerial 
system, but will permit the vital vertical section of tho aerial 
to be installed elem· or obstructions, which could otherwise 
well affect its performance. 

Horizontal Dipoles 

Jn the section on Marconi aerials it was explained that the 
predominantly ground wave propagation experienced on the 
J ·8 Mc/s band favours the use or a vertical ly polarized aerial. 
This is a lso true to a lcs;er extent for the 3·5 Mc/s band, but 
there is the possibility on both these bands of achieving 
ionospheric propagation particularly at night, with a conse
quent requirement for some radiation at higher angles (see 
also Chapter J 2, Propagation). This is more readi ly achieved 
by the use of a horizontal half-wave dipole aerial, which is a 
balanced load and does nol require the use of an earth return 
path for the transmiuer connection. Such an aeria l also 
offers a better compromise in cases when tho available earth 
system is an extremely poor one which would result in 
excessive ground losses when used in conjunction with a 
Marconi aerial. The appropriate lengths for half-wa,·e 
dipoles for the 1 ·8 Mc/s and 3·5 Mc/s bands are given in 
Fig. 13.79. Because of the large overall dimensions a nd the 
low frequencies in use, it is often impossible to e rect the 
whole aerial at an idea l height (greater than a quarter wave: 
132 ft. at J ·8 Mc/s; 66 ft. at 3·5 Mc/s), and in the dear. 

The current distribution a long the dipole is roughly sinu
soidal and is concentrated in the middle with li ttle or no 
radiation from the ends of lhc wire. The aerial should 
therefore be supported in such a way as to keep the centre 
region as high as possible, the ends being allowed to droop, 
o r to hang down, depending upon the available space. Two 
possible arrangements for restricted gardens arc shown in 
F ig. 13.79. 

The radiation res is tance of a half-wave dipole I.ends to be 
low when the aeria l is less than a quarterwave above ground, 
being a function of height as shown in Fig. 13.80, and a 
standing wave ratio of as much as 3 : 1 may be expected 
when the d ipole is fed with 75 ohm coaxial line, and a suitable 
balun. Such an s.w.r. may be regarded as an acceptable 
compromise on the low frequency bands involved. 
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Fig. 13.79. Dipole hori%ontal aerials for 1·8 and l ·S Mc/s. The current 
is low at the ends and contributes little to the radiated 1ignal. 

The W 3EDP aerial 

Another approach to this problem which avoids the 
necessity for a direct earth connection bears the call-sign of 
its originator, W3EDP. 'In this design a short counterpoise 
wire is used in place or an earth, the aerial itself being suitably 
shortened to compensate for this addition. 

A specific design which has been worked out experiment
ally for multiband use, employs an aerial cut to a length of 
approximately 84 ft., providing a simple and effective end-fed 
installation in cases where this length can be conveniently 
accommodated as a clear run from the radio room window. 
It is particularly useful when the radio room is on an upper 
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floor and would involve a long and awkward earth lead. 
The counterpoise will vary from zero to l 1 ft. in length, 
according to the frequency in use, as set out in the table of 
dimensions beneath Fig. 13.81. It can be dropped out of the 
station window, or even accommodated indoors, provided 
that the far cod is well insulated and as far as possible clear of 
earthed obstructions, since this will be a h igh voltage point 
during use. Ideally the counterpoise should run a t right 
angles to the aeria l, which may be bent if necessary, or can be 
sloping if it is borne in mind that max.imum radia tion will 
then take place in a direction from the lower extremity. 

The original W3EDP aerial was coupled directly to the 
transmitter tank coil, the counterpoise being connected to 
the end of the coupling coil nearest to the lank, since a cer
tain amount of capacitive coupling at this point is stated to 
be desirable for best performance. The coupling coi l which 
should be of plug-in construction must also be proportioned 
correctly, and capable of variable coupling to the tank so that 
the p.a. can be correctly loaded. lf aerial current fa lls off 
before full loading can be attained, the balance between 
capaci tive and inductive coupling may not be correct, or it 
may be necessary to adjust aerial length sligbtly to compen
sate for local circumstances. An aerial of this type may be 
expected to radiate har monics if these are present in the 
transmitter at excessive strength, and there is no basic reason 
why it could not be link-coupled as shown in Fig. 13,72 for 
an earthed system. Some experiment would be necessary in 
this instance to arrive at tbe optimum aerial and counter
poise dimensions. Suitable harmonic filters can then be used 
in the coupling line. 

H IGH FREQUEN CY AERIALS 

T hero is u wide range of choice of aerials for the higher 
frequency bands, ranging from the simple resonant wire 
types to the rotary Yagi beam. The selection is limi ted only 

H.F. AERIALS 

COUNTERPOISE 
ZERO TO 17 1 

Fie. 13.Bf. The W 3EDP e nd-fed aeri31 \Ising a cou nterpois e wire 
instead of 3n coirth connection. 

by the individual choice of tl1e amateur and the extent to 
which he wishes to elaborate for any particular band. 

Simple Wir e Ae r ials 

These are broadly speaking made up as single lengths of 
wire cut to resonate at the appropriate band, or by careful 
adjustment of aerial and feeder, to achieve a compromise 
performance over several bands. In most cases tho gain and 
diroctivity are modest, and their advantage lies in their cheap 
construction and inconspicuous nature when erected. 

Ha lf-Wave Dipole 

This is the simplest single band aerial. The length appro · 
priate to each band is given in Fig. 13.82, together wi th the 
optimum height above ground for general DX work. The 
Jauer is not critical to ± 10 per cent. T he aerial may be 
constructed of any suitable wi re, the gauge being determined 
by the span involved between the supporting points including 
the horizontal portion of the halyard. Recol1l01ended wire 
sizes for each band are also given in tJ1e table. The input 
impedance to the dipole is approximately 75 ohms balanced, 
and it may be fed by coaxial line and a suit.able balun de
scribed on page 13.30. ln order to avoid coupling to the outer 
sheath of the cable it should be allowed to hang vertically 
from the feed point connection for at least a length equal 
to a quarterwave in free space. 

Simple dipole aerials (and indeed any halfwave single 
radiator fed by other means, e.g., Zepp) ex.hibit some degree 
of directivity at right angles to the wire. As explained on 
page 13.39 there is a significan t amount of radiation off the 
ends depending upon the wave angle employed. 

13.49 



RSGB-RADIO COMMUNICATION HANDBOOK 
..._ ___ ____ L _ ____ _ _,~ 

HIHIHUH 
11 'lllRE SIZE 

h II 

~ffffi) 
BAND L h 0·6" 

HI HIHUH 
'lllRE SIZE 

7 Mc/s 66' - o· 66 1-0· 7/0·029' 

14 Mc/s 33' - o• 43• -o· 7/0°029" 

21 Mc/s 22' -o· 28' -o· 16 swg 

26 Mc/ s 16' - o• 2 1' - 6 . 18 s wg 

Fig. 13.82 H;alf-w;avc dipole data for H .F. bands. 

The "Windom " Ae ria l 

When an aerial is resonant the " point impedirncc " (i.e. 
ratio of voltage to current) at any point on it is a pure resis
tance, varying from zero at the centre to several thousand 
ohms at the free end. There will therefore be au intermediate 
point tbat will match a single wire feeder, having for example, 
a characteristic impedance of about 1000 ohms. If this 
point can be found, tho radiation from the feeder will be 
minimized. In the original Windom (Fig. 13.83(a)) the 
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Fig. 13.83. (a) Tho Windom single wiro fed aerial. (b) ba lanced 
varsion which n1inim;z.es fccdc,. radiation a nd a lso works on 

multipl a freq uencies. 

radiator is one half wavelength long, but in practice the 
system will work with any mutiple half-wave radiator. It is a 
simple and attractive arrangement but requires careful 
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adjustment to achieve best performance: the radiator must 
be properly resonant before tho correct tapping position can 
be found and the feeder should hang vertica lly from the 
radiator for at least a quarter wavelength. 

The correct method of adjustment is first to choose an 
approximate position for the tap and then insert a pair of r.f. 
ammeters either side of the tap. Assuming the meters are 
alike (this may be checked by inter-changing them), they will 
read equal currents when the aerial has been adjusted to 
resonant length. The meters aro then inserted in the feeder, 
one near the aerial and the other a quarter wavelength away 
and the tap moved until equal currents aro again indicated. 
The dimension Tin Fig. 13.83(a) is approximately one eighth 
of the half wavelength, but in practice this dimension will 
vary somewhat because of effects due to the environment of 
the aerial. Table 13.4 gives typical adjustment factors. The 
coupling circuit at the feeder input may be similar to that 
described for end-fed aerials. 

Although there will always be some radiation from the 
feeder the Windom aerial can give excellent results. Its 
success depends on having good conductivi ty soil beneath it 
and for this reason it is more suitable for damp locations. It 
is essentially a one-band aerial, but for bands other than one 
for which it is resonant it can be used as an end-fed aerial 
(aerial and feeder as one long wire). Radiation will then be 
partly horizontally polarized and partly vertically polarized. 

TABLE 13.4 

Single Wire Feeders 

Band and A e rial Rad iator Lencth 
(feet) 

3·S-H Mc/s holf·wave L • -00/f (Mc/s) 

21-28 Mc/s holfwavc L - '460/I (Mc/s) 

14-28 Mc/s full-wave L • 960/I (Mc/s) 

T ap Distance 
( feet) 

T - 66/I (Mc/s) 

T - 66/ I (Mc/s) 

T - 170/I (Mcfs) 

The values given a.re recommended for :aerills constructed from 14 or 
16 s.w.c. wire. 

T he VSIAA Aerial 

It will be seen from the figures of Table 13.4 and from the 
formula for half-wave aerials that a given length of wire does 
not resonate at true harmonic multip le frequencies. A 66 ft. 
wire may resonate on 7 Mc/s but would have to bo nearer 
68 ft. long for full-wave resonance on 14 Mc/s. At higher 
frequencies, as the wire accommodates more and more half
waves, the difference becomes less significant because the 
resonance of the aerial becomes more heavily damped by 
radiation . It thus becomes possible to construct a form of 
multi-band Windom, wilh <he tap in an approximately 
correct position on all oven harmonic bands. If the tap is 
placed one third of the way along a standing wave current 
loop on the lowest frequency it wi ll always be in the same 
position on a current loop on all even harmonic frequencies. 
This system is most suitable for very long \vires, the tap being 
about 22! ft. from the end for all frequencies down to 7 Mc/s, 
and even works quite well with long aerials on 21 Mc/s 
(where the" one third " rule breaks down), because the long 
wire places a substantial load on the end of the feeder. 



The Double Windom 
The VS! AA approx.imation has the disadvantage that there 

is considerable radiation from the feeder. This can be over
come by making it into the balanced system shown in F ig. 
13.83(b) so that the feeder radiation is cancelled. This aerial 
can alternatively be regarded as a development of the centre
fed aerial with tuned feeders, the spacing of the taps helping 
to reduce the v.s.w.r. on the feeder. The length of the arms 
of the V section of the line should be at least equal to the 
separation between the taps, preferably more, and the overall 
length from one end of the aerial into the sta tion should be 
chosen as for the centre-fed aerial in order to give reasonable 
tuning arrangements; it may present some difficulty on 21 
Mc/s because of the high standing-wave ratio. 

Asymme t r ical Twin Feed 
It will be realized that a long-wire aerial, i.e. one which is 

two or more half wavelengths long, can be fed with low
impedance twill lino at any cmTcnt-maximum position, such 
as the point a quarter-wave from one cod (Fig. 13.84). In 
such a case 70-80 ohm twin line could be used and would 
match the aerial well enough, though the in1pedancc at such 
a point in the aeria l is somewhat greater than that of a single 
half-wave. This could be done with a 7 Mc/s aerial, and then 
at 21 Mc/s the feeder would again be at a current maximum 
position. Other bands have an even harmonic relationship, 
and the feeder would be badly mismatched. 

One way in which this problem has been solved is to 
connect the feeder into the aerial at an intermediate position 
at about one third of the way along the wire where the im
pedance is higher, and to use 300 ohm twin line. This method 
introduces a fresh difficulty in that, although the theoretical 
v.s.w.r. on the line may not be too high, the feeder is no 
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Fig. 13.84. Atymm e trica1 twin li ne feed for a harm o nic aerial. 

longer balanced because it is connected into an asynunetrical 
poin t of the aerial. T he difference between the currents in the 
two wires of the feeder is equivalent to a single vertical 
radiating component, so that thero is some radiation from 
the feeder. Nevertheless this system is an improvement over 
the single-wire feeder. 

Lo ng W ire H or izontal Aeria ls 
The basic patterns of aerials of various harmonic lengths 

are shown in Fig. 13.85 and further information is given in 
Table 13.S. ll will be seen that there arc two lobes in the dia
gram for each half-wavelength of wire, and that those nearest 
the end-on direction are always strongest. lt should be re
membered that these diagrams are sections, and the reader 
should try to visualize the lobes as sections of cones about the 
aerial. 

Polar diagrams represent effectively tho azimuth directivity 
of these aerials, but their general assessment must include the 
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Fig. 13.85. Theoretical polar d iagrams for end-fed wire aeria ls up t o lA 
in len eth. The anal es of che main lobes and crevasses are shown, also 
t he an gles at which the loss is 3db in the main lobe. T he lobes 
should be visualixod a.scones a.bout the wire .. When the aerials are 
horizontal, end.fire radiat ion can take place at" useful wave a"gles, 
especially from vory Iona wires, e.g .• t he broken line on the aerial. 

Details of lone wire ae rials are give n in Table 13.S. 

effect of height, and this can be done by considering them in 
relation to the vertical plane diagrams of Fig. 13.70. There is, 
however, one very important feature : in conjunction with the 
ground these aerials produce some radiation off the cods. 

For a dipole ono half-wavelength high, the end signal may 
be only 3db (one S point) less than the broadside at 30° 
elevation, but tho effect is most useful in longer radiators, 
where the end pattern almost fills in for elevations of 15-30°, 
as shown on the 2.\ line in Fig. 13.85. In the case of a three 

TABLE 13.S 
Properties of Long W ire Radiators 

Gain of main 
Leneth A ncle of m a in lobe ove r half- Radiation 

loba to w ire wave dipole resistance 

1 "/. 54• (90°) 0·4db 90 ohms 
H"I. 42° 1 ·0db 100 ohm• 
2 "/. 36° (SB' ) 1-Sdb 110 ohms 
2t "/. 33• 1 ·8db 115 ohms 
3 >. J O' !46°) 2'3db 120 ohms 
4 >. 26' 39°) 3'3db 130 ohms 
5 " 22• (35°) 4·2db H-0 ohms 

6 " 
20' (31°) 5·0db H7 ohms 

8 ), 18' !26') 6·4db 153 ohms 

10 " 
16' 23°) 7·'4db 160 ohms 

The number ol completcconic>l lobes (see Fig. 13.86) is equal to the number 
or ha.Jr.waves in the aerial. The m;ain lobe is the one nearest to the direction 
of the wir·e, and the f'iJurcs in this nble givu its direction and &a.in. When a 
multiple full-wave icnil is centre-fed the pattern is like that of one half. but 
with mor·c .-ain in the m ;ain lobe. The 3nglcs in bnckets correspond to this 
case. When the ;aerial is t-crminued. or self-tcrminatin1. the rotdiation 
resisu.nce is 30 to SO per cent grencr, and che m11_in lobe slightly nearer 
to the wire. 

wavelength long aerial (which would be about JOO ft. for 
28 Mc/s) tho end radiation at a 15° wave-angle may be much 
better than tho broadside signal from a dipole at the same 
height. 
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The long wire aeria l is the simplest form of directive aerial 
and is very popular because it is al lbe same tirne a good 
all -round aerial. Although the notcb in the pattern in the 
broadside direction is quite noticeable, in practice oo the 
even-multiple aerials the effect of the other crevasses is not 
so marked, chiefly because their direction varies with wave 
angle, so there is always a way through for signals. 

Table 13.5 gives important properties of wires up to 10 
wave lengths long. It will be seen that a 10,\ aerial has a main 
lobe at only 16° angle to the wire, witb a gain of over 7db. 
Remembering that these lobes exist a ll round the aerial, e.g. 
in the vertical as well as tho horizontal piano, it wi ll be realized 
that in the direction of the wire there is a vertical polar 
diagram with a lobo maximum at 16° elevation. It is found 
that the ground reflection effect is small for this direction, 
and although the polarization is vertical, a long wire aerial 
gives good radiation off its end, and can be considerably 
better than a half-wave dipole at the same height above 
ground. (Ct is this effect which sometimes causes confusion 
over the use of the term end-fire which refers to a particular 
type of array and not to the direction of a main lobe with 
respect to a wire.) 

The radiation resis tance figures in Table J 3.5 arc the resist
ance at any one current maximum, say ,\/4 from the end, and 
are representative free space values, Ouctuatingsomewhat with 
height as in Fig. 13.80. For example, the radiation resistance 
of a dipole is very low when it is close to tbe ground but rises 
rapidly to over 90 ohms at a height of 0·3,\, drops to about 
60 ohms at 0·64 and then settles about tho free space value of 
73 ohms for greater heights. T he longer aerials behave in a 
similar way. From Table 13.5 it will be seen that the resistance 
increases steadily as the size of the radiating system increases; 
this is a general rule for all large directive aerial systems. 

Effect of Feed Posi tion 

The general subject of how to feed energy to a long wire 
has already been discussed and it was indicated that it could 
be fed with a single wire at one end or near one end or by 
tuned feeders in the centre. In each case the system is in fact a 

Fi1. 13.86. l llustratinc the difference between feedinr at a current, or 
at a voltage maximum, and how centr~·feed affects even. and odd· 
multiple h3ff.wave aerial differently. When the feed enters a cur· 
rent loop the patt·ern is the s ame as with end·.feed. but when a 
v0Jta1e loop is enter·ed, tho pattern is like that of one half only of 

the aeri;a.f. 
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multi-band aerial. A balanced line can also be used a quarter 
wavelength from one end but in this arrangement the aerial is 
essentially a one-band device. The main distinction to be 
considered here is whether the feed is at a current or voltage 
maximum, because these alternatives may give two entirely 
different aerials. 

The long wires described above were continuous with 
alternate positive and negative current loops along them. 
This is the situation with end-feed. It is also the same with 
centre-feeding to an odd number of half-waves because the 
feed enters a current loop. Bul if a wi re an even number of 
hair wavelengths long is broken at the centre at a voltage 
maximum and fed with balanced line (Fig. 13.86) an extra 
phase reversal is introduced al this point, as can be seen by 
sketching lhc standing waves. Thus a centre-fed three wave
length aerial becomes an array of two 3,\/2 aerials and has a 
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Fie. 13.87. A 2}, t·erminated aerial and iu r:adi:ition p:ittern, show1n1 
end-fire effect. T he end-to-end ratio depends on several facton, but 
may be) to Sdb for a. full-wave unterminated aerial :ind more than 
10db for a terminated aerial. The SOO ohm terminatinr resistor is 
urthed to a /,f4 artificial earth. A mu1tiple "eoarth '' fan may be 
used to cover two or three frequency bands. These 3cri3 ls do not 

need critical length adjustment. 

pauem which is basically that of lhc 3 ,\/2 aerial multip lied 
by an array factor corresponding to the 3 ,\/2 spacing between 
the centres of tbe two halves. Since this particular array 
factor is very nearly lhe same as the pattern of each half, the 
final diagram is very like that of a single 3 ;\/2 aerial, but with 
emphasis on the broadside lobe. By comparison the 3,\ 
end-fed aerial has a null in the broadside direction. 

End-fire Effect 
ln practice a long wire feel at one end tends to radiate best 

from the opposite end, the pattern of a 2,\ aer ial tending to 
become like that of Fig. 13.87 (these patterns arc ideal 
patterns). This tendency is greater the longer the wire, and 
occurs because the lobes to the right (in Fig. 13.87) arc due to 
the radiation from the forward wave along the wire, whilst 
those toward the left can only be due to the wave rcflcclecl 
from the far end. Because of loss by radiation, the reflected 
wave is weaker than tho forwa rd wave ; thus n long wi re 
tends to behave like a lossy transmission line. The one-way 
effect can be enhanced by joining the far end of the aerial to a 
quarter wave " artificial earth " wire through a 500 ohm 
(matching) resistor. This resistor must be able to absorb 
about 25 per cent of tl1e transmitter power if the aerial is only 
2,\ long, but only aboul 10 per cent if it is very much longer. 
The power lost in this resistor is not wasted because it would 



all have gone in the opposite direction. Such an aerial is of 
course only correctly terminated on one band, though a fan 
of earth wires can be used, one for each band. It can be fed 
(for one band use) by means of an 80 ohm feeder one quarter 
wavelength from the free end as in Fig. 13.87. For multi-band 
working tuned feeders at the free end may bo used. 

T he " Zepp " Aerial 
A simple wire aerial can be made to work satisfactori ly on 

a number of harmonically related bands by feeding it at one 
end. This will always present a high impedance and can be 
connected to open wire tuned lines. T he operation of such 
lines is explained in the section dealing with Transmission 
Lines. Such an aerial is known as a Zeppelin or" Zepp," and 
is illustrated in Fig. 13.88, which gives suitable dimensions 
for both the aerial and feeder. 

The system is based on the concept that if the two feeder 
wires carry equal and opposite currents, they will not radiate. 
In practice it is difficult to secure this condition with the same 
aerial on a ll bands. Multiple quarter- or half-wavelength long 
feeder lines arc unsuitable for tho samo reason and also 
because they mako adjustment of tho aerial coupler difficult. 
A length of 45 ft. will provide an intermediate impedance on 
all bands, and will work with close or medium spaced taps or 
series tuning on all bands except 21 Mc/s. At tbe latter 
frequency a high impedauce will be prcscutcd by the feeder. 
Open wire 600 ohm line is preferable, because the v.s.w.r. on 
the line is high. The aerial should be made just over one half 
wavelength long at the lowest frequency to be used, say 67 
ft. for frequencies from 7 Mc/s upwards (or l 35 ft. if 3·5 Mc/s 
is to be included) and adjusted in length until the feeder 
currents are equal a t the lowest frequency. If the half wave
length top cannot be erected for the lowest frequency band 
the free wire of the feeder (the one not connected directly to 
the aerial) may be disconnected at tho transmitter end and 
the remaining wire plus tbe aerial used as an end-fed arrange
ment. 

If a feeder length other than 45 fi. is employed it may be 
necessary to modify the tuning arrangements on each band 
to accommodate the changed impedance presented to the 
coupler. The required form of tuning (series or parallel) can 
be obtained from Fig. 13.54 on page 13.32, where the length L 
refers to the feeder 011/y . This follows from the knowledge 
that the end impedance of the aerial will always be high, or a 
voltage maximum, irrespective of the length or band. For 
the same reason it is permissible to alter the length of the 
radiating top by ± 10 per cent and still resonate the system 
by adjustments to the coupler, although best operation will 
result when tho top itself is rcsorlant , i.e., an exact multiple 
of a halfwave at each operating frequency. 

For the para llel coupler, the capaci tor C should have a 
maximum value of at least JOO pF for operation down to 
3·5 Mc/s, and 25 pF if the lowest band is 14 Mc/s. The value 
of the corresponding capacitors in the series coupler is 
approximately one half of thcso figures. The in ductance 
value required can then be determined from a suitable Abac 
relat ing frequency, L and C. The link coupling should be 
approximately one tenth of the main coil. 

The Extended Double Z epp 

This aerial system is s imple to erect and adjust and gives a 
gain of approximately 3db over a halfwave dipole. 

Tho horizontal polar diagram is similar to that of the 
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x x 

Series Tuned Parallel Tuned 

AERIAt lEHGTH L1 FEEDER LENGTH LZ BAND Hc/s TU NEO 

135' - o• 45' -o· 3·5, 7, 14. 28 SERIES 
13S' - o• 45'- o" 21 PARALLEL 
67' - o· 45' - o· 7, 14, 28 SERIES 

. 67 ' - o• 45' - O'' 21 PARALLEL 

Fig. ll.88. The end-fed :Zepp aerial employs tuned foeders and an 
aerial coupler to achieve correct operation on each band. Currents 
in the meters Ml a nd Ml • hould be equal w ithin ± 10 per cent for 

b~lanctld operation on the line. 

dipole but with somewhat sharper main lobes which arc at 
90° to the run of the wire. In addition there arc four minor 
lobes at 30° to the wire. At twice the frequency or more the 
pattern becomes similar to that of one and two wavelength 
aerials. 

The system is a type of collinear aerial (sec page 13.6). The 
layout is shown diagrammatically in Fig. 13.89 and com
prises two lengths of wire each 0·64 ,\ long, fed in the centre 
with an open wire line. For low power, and where the line 
length is short, 300 ohm ribbon can be used. 

The table of Fig. 13.89 gives the design length for the 
centre of different bands. 

A feeder length of 45 ft. is again a good compromise:. and 
the coupling arrangements described for the ordinary Zepp 
are equally suitable. The form of coupling (series or 
parallel) can again be found from F ig. 13.54. In this case the 
length L should include the ha lf-top of the aerial. 

BAND Mc/1 

3.5 
7·0 

14·0 
21·0 
28·0 

t--- L:0·64i\-J ~L=0·64i\-t 
I I I I 

L 

175'-0" 
91'- o• 
45'- o• 
30'- o· 
22·- o· 

1 I 
I I 

Fig. 13.89. T he Extended Double Zepp aerial einp1oys centre feed 
with tuned line•. 
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T he Multee T wo Band Aerial 

This aerial was developed by W6BCX and works on two 
bands. On the lower band it performs as a top loaded vertical 
and on the higher frequency band the top section forms a 
quarterwave folded dipole with the \'crtical section forming a 
quarterwave matching transformer. 

Two important points should be noted. U an earth is used 
it must be a good one and the vertical portion should be as 
near vertical as possible. The layout is shown in Fig. 13.90 
and the dimensions arc as follows: 

Ll 
12 
L3 

1 ·8/3·5 Mc/s 

65 ft. 
54 ft. 
56 ft. 

3·5/7·0 Mc/s 

33 ft. 
27 ft. 
25 ft. 

t 
3000 R I BBON~ 

son COAX 
T O TRANSMITTER 

7/14 Mc/s 

17 ft. 
13 ft. 6 in. 

J2ft. 

Fi1:. 13.90. T he W6BCX Multee two band aerial. 

300 ohm Ribbon Aerials 

A simple mulliband aerial is shown in Fig. 13.91 and can be 
fed with 75 ohm flat twin or 75 ohm coaxial cable. Ll acts as 
a halfwave dipole on 7 Mc/s and as three halfwaves on 
21 Mc/s; L2 functions as a halfwavc dipole on 14 Mc/s. 

The lengths of LI and L2 can be calculated from the for
mula 468/ F (Mc/s), the answer being in feet. Dimensions for 
Ll and L2 arc as follows when cut for mid-band operation: 

L1 Length Dand L2 LcngtJ1 Band 

246 ft. I ·8 Me/s 128 ft. 3·5 Mc/s 
128 ft. 3·5 Mc/s 66 ft. 5 ill. 7 Meis 
66 fl. 5 in. 7 & 2 1 MC/S 33 ft. 14 Mc/s 
33 fl 14 Mc/s 22 ft. 21 Mc/s 
22 ft. 2 1 Mc/s 16 ft. 3 in. 28 Mc/s 

Any combination of LJ and L2 can be chosen to cover the 
particular bands required. 

-1 ·-----Ll----- >1 
d ,_r_ ------~-2-~-:.::-.::.--:.;;-:.::-.::.--;;:;1:;;:~ ___ -e:;i 

3000 Rl~;ON/---1- ;;;;-;;~-~R COAX 

Fig. 13.91. A t w o band 300 ohm ribbon :ae ria l. Dimen5ions are given 
In the t e•t. 
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c:::!..._~~~~~~~~~'f(:::>,.--~~~~~~~~·~CJ~ 

J oon RIBBON 

Fig. ll.92. The DJlZF multlband dipole. 

T he DJ2ZF M ultiband D ipole 

This is a simple tbrce band aerial the layout of which is 
sbO\\tt in Fig. 13.92 and was originally described by DJ2ZF. 
The dimension L can be 167 ft. and when fed with a 300 ohm 
line gives satisfactory match on 3·5, 7 and 14 Mc/s. 

If Lis reduced to 83 ft. 6 in., then this aerial can be used oo 
7, 14 and 28 Mc/s. 

Tbis type of aerial can be fed with a Z match coupler or a 
balun as shown in Fig. 13.93. 

200-Joon 

"~fefd ":" (Approx I" ) 

Fig. 13.93. The aerial couplerJor the:oJlZF 11eri=1l;of Fir . 13.92. T his 
provided a balance-to-balanc.o connection for 1in1le endad pi-net

work circulb. 

F7FE All Band D ipoles 
A way of connecting and laying out four separate dipoles 

to cover 3·5, 7, 14, 21 and 28 Mc/s was worked out by F7FE 
and used by him with great success. Its great merit is tbat it 
only uses two supporting masts and is fed by a single 75 ohm 
flat twin feeder or coaxial cable. 

Only four dipoles arc used because the one cut for 7 Mc/s 
works well on 21 Mc/s. 

The layout is shown in Fig. 13.94 and is more or less self
explaoatory; each dipole is cut to mid-band using the formula 
468/F (Mc/s). 

The centre insulating plate is made up in polystyrene sheet 
and has six holes drilled in it. The top pair take the 28 and 
7 Mc/s dipoles and the centre two the 3·5 Mc/s dipole and 
the bottom two take the 14 Mc/s dipole. 

A short length of wire connects all the left-hand quarter
waves .in a similar manner. The 75 ohm feed is connected to 
the bottom end of these pieces of wire. 

BEAM A ERIALS 

Directive or beam aerials may be divided into two main 
classes: those using arrays of half wave dipoles and those 
based on the known directive properties of long wires. In all 
cases the elements are arranged so that radiation is cumula
tive in the favoured direction but is minimized in other 
directions. The first type can be sub-divided into broadside 
arrays with the main beam at right angles to the plane of the 
array and end-fire systems where the main beam is projected 
along tbe plane of tbc clements. 



80m 

(a) 

7Sn TWIN 
OR COAX 

80m 

Jj___ _____ l 
( b) 

Fie. 13.94. The F7FE all-band dipole :i.erial. 

ln broadside arrays the elements arc connected together by 
phasing lines, so that they are all in one phase, but in the end
fire aerials the elements may t <all connected to give a pro
gressive phase change along the array (driven arrays) or 
there may be one driven dipole together with a number of 
nearly resonant free parasitic clements which modify the 
local field of the radiator so that a unidirectional end-fire 
pattern is produced(parasitic arrays). Parasi tic reflectors can 
also be added to broadside arrays to produce a unidirec
tional beam instead of the fore-and-aft pattern of a single 
row of clements. 

Although these two general classes of array are both 
effective in producing direc1ivily and gain, their construction 
and properties are quite distinct. The arrays are resonant 
and interconnected by tuned lines and arc therefore usually 
lin1ited to one-band use, although special arrangements can 
be devised which will oporato well on two or even three 
bands, at the cost of having to use tuned feeders. On the 
other hand their patterns are well defined and relatively free 
from spurious lobes; in particular the vertical and horizontal 
patterns of broadside arrays can bo controlled separately, 
since tboy depend on the height and width respectively. In 
end-fire arrays this is not possible because the vertical and 
horizontal patterns both depend on the length. Arrays are, 
bowever, fairly complex mechanical and electrical structures 
and are best suited for fixed direction working; amateurs can 
usually only build simple arrays for h.f. work, such as the 
fazy-H or tbe two and throe element Yagi arrays and 

H.F. AERIAIS 

although these can be made rotatable, it is in tho v.h.f. field 
where the greatest advantage can bo taken of multi-element 
arrays or stacks. 

Long wire aerial arrays, described on p. 13.51, are much 
easier to construct and to mako work, and can be erected in 
situations quite unsuitable for multiolcment arrays because 
they requi re few supports. They also bave the advantage that 
they can bo used over wide frequency ranges, say four 
amateur bands, tbougb the optimum performance is limited 
to a 2 : 1 frequency range. Their patterns are not so well 
defined as other arrays, a difference very noticeable in 
reception, and, like the end-fire arrays, their vertical and 
azin1utbal patterns are determined simultaneously by the 
height and length. They can give a remarkable performance 
in tbe main beam direction, but lend also to radiate a good 
signal in all directions, which is lo some extent an advantage 
in transmission but a disadvantage in reception. Long wire 
arrays do not use reflectors becauso they can be made uni
directional by terminating them with matching resistances. 

To selecting arrangements for amateur work, first con
sideration should be given to acquiring a low wave-angle for 
improved long-distance propagation; the effective gain which 
can be obtained in this way is much greater than is apparent 
from the radiation patterns alone. The azimuthal pattern 
should never be too sharp for reception because the amateur 
requires to search. This leads to a preference for end-fire 
aerials; where there is space to erect them, long wire types are 
best because of their simplicity and effectiveness, but where 
space is Limited two-, three- or four-element Yagis are used. 

Broadside Arrays- General 
Fig. 13.95 gives a selection of simple broadside arrays 

together with gain and average radiation resistance figures. 
A variety of feed connections arc shown, which are inter
changeable as discussed below, and it is apparent bow to 
extend the arrays beyond the number of elements illustrated. 
For all these arrays the azimuth pallerns can be estimated as 
a function of the length of the array from Fig. 13.96 and the 
broadside vertical patterns, as a function of height from 
Fig. 13.70. 

In broadside arrays, the elements aro a ll in phase and the 
interconnecting phasing lines or stubs must be adjusted to 
secure this condition. The spacing between elements and 
between the centre of the clements need not be one balf-wave, 
but can vary up to f1\, beyond which minor lobes in the 
pattern become too large to ignore. Tho choice of spacing is, 
however, in practice dependent on the type of phasing line 
used. The position of the feed-point depends on the input 
impedance required, or on the fact that some of the simpler 
arrays will operate on more thnn one band. A centre feed 
position should be used if possible, especially in long arrays, 
because power is being radiated as the currents travel along 
the array, and the more distant clements may not receive 
their proper share. Uneven power distribution can cause the 
beam to broaden and" squint." 

Collinear Arrays 
The collinear array is the simplest method of obtaining a 

sharp azimuthal pattern and is simply a row of half-wave 
radiators strung end-to-end. To bring all clements into phase 
it is necessary to provide a phase reversing stub between the 
high voltage ends of each pair, except where the position is 
occupied by the feeder. 
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- 3dB 

H 
10° 

0 

10° 

I 
I -3d8 

I 
Fi1:. 13.96. H ori:r.ontal polar diair:ims of coll inear and similar 
arrays. for one to five half-waves overall len ath, showinc half-power 
points { - 3 db). W ithout a reflector the patterns arc bi·directional. 
With a re:ncctor, or in the cue of a WSJK aerial, the patterns a..r·e 
only very s liahtly sharper, because t.he forward pat'tern o( a dipole 
:and reflec;tor in this plane is very li ttle different from t hat o( a 
dipole. Minor lobes are not shown but should be - 14db or lower 
in a w ell adjusted array. The pattern of a 1 ·2S). dipole is slightly 
sharper than that o( a. f ulJ .. wave d ipole, but ha.s minor lobes at 
- 10 db level at about 60°. Vertical patterns of verticall y stacked 
d ipoles are oilso represented by the upper half of the above curves. 

The simplest form of array is the centre-fed full-wave or 
double Zepp with a high impedance tuned lino feod at the 
centre. [n this form it can be used on otber bands; when the 
total length is only one half-wave the impedance is between 
60 and 100 ohms, but in tbe full-wave condition it is 5000 
ohms or more. When the frequency is raised to the value 
giving three half-waves the impedance is about JOO ohms, 
whilst at two full-waves it is about 3000 ohms. The high 
impedances can be lowered lo between 1000 and 2000 ohms 
by using a nat top of twin wires 2-3 ft. apart, joined in 
parallel, in order to improve the v.s.w.r. on a 300 ohm line; 
this does not alter the low impedance value. The broadside 
beam would only occur on the bands corresponding to half
and full-wave; on other bands the pattern would be that of 
the long wire type. 

Tu ning and Matching Collinear Arrays 

In order lo match a full wave aerial, a closed quarter wave 
stub may be added at the centre and 80 or 150 ohm twin 
connected into the centre of one dipole, or 300 or 600 ohm 
line tapped into the stub (Fig. 13.44(b)). The array needs 
tuning when a stub is used, and for this purpose tbe stub 
is made a little too long and a moving short-circuit provided. 
It may be possible to couple a grid dip oscillator into the 
bottom or the stub to find resonance. Approximate dimen
sions (in rcet) are given by 470// (Mc/s) for the radiators 
and 24-0//for each leg of the stub. 

The full-wave radiator can be extended to about 1 t wave
lengths (extended double Zepp) in which case the gain is 
i.ncreasod to 3db and tho v.s.w.r. reduced to about 6 on a 
600 olun lino, and may be reduced further if a tuning stub, 
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about i wave long is added in parallel at the feed point. 
Fig. 13.95(b) is a useful variation in which the two halves are 
separated, because the two equal low impedance feed Lines 
can be connected in parallel, in or out of phase by means of a 
plug connector in the station, giving broadside or full·wavc 
pattern at will. When the gap is >./2 the patlern may be found 
by multiplying the >.-patterns of Fig. 13.64 by sin</> where</> is 
the angle to the wire (see Array Factors). 

Longer arrays may use t to t wavelength elements with 
tuning stubs and a feed point either at the centre of one 
element (current maximum) or at a phase reversal point 
(voltage maximum). The impedance at the centre of any 
element rises rapidly with the number of elements but falls 
rapidly at tho phase reversal position, the two meeting at 
about 1200 ohms which is the characteristic impedance of a 
balanced aerial. These longer aerials should be tuned up 
section by section as described above, the total length of wire 
in fact between centres of shorting bars being 950// (Mc/s). 

Horizontal Broadside Arrays 

These aerials, consisting of two horizontal arrays one 
above the other, give more gain than the collinear arrays for 
the same number of dipoles. At low wave angles their 
azimuthal patterns arc the same as for coll inear arrays, but 
the vertical pattern has only one main lobe whatever the 
height. By comparing the pattern of Fig. J3.70(d) for a 
dipole one wavelength high with Fig. 13.70(c) for It = 1\f2 
(total height >.), it will be seen that all the energy is in the low 
angle lobe, and tuis gives greater effective gain and improve
ment of signal stability at Jong distances. 

Three Band Array 

The basic model using two half-wave dipoles (fig. 13.95(e)) 
can be used as a broadside array over a 2 : 1 frequency band 
- e.g. 14, 21 and 28 Mc/s. For this purpose the vertical 
spacing at the lowest frequency should be t wavelength so 
that at the upper frequency it will be t wavelength. The 
phasing line should be 600 ohms (not crossed) with the 
feed point at its centre. Since it is not practicable to match 
over three bands it will be necessary to use tuned lines. The 
v.s.w.r. on 300 or 600 ohm main feeder will be between 6 and 
10 and cannot easily be improved. There is nothing cri tical 
about any dimensions on this aerial. Methods of matching it 
to a line on any one frequency are considered later in this 
section. Arrays of four or more elements are, of course, 
one-band aerials. 

~------33- 40 l••t ----- - :>I 
M;.ST 1 , MAST 

TU NED 
FEEOERS 

16- 24 l<!H 

! 
IS-35 fut 

t 
Fis . 13.97. A Laxy H array for 14, 21 a.nd 28 Mc/1. 



H.F. AERIALS 

A COLLINEAR C )"f2 BROADSIDE E nA/2 STERBA G 
VERTICAL 

BROADSIDE 
~--n'>.12--- - --Xh J-+--iV.f2--~ 

Lfb~ 
!n__J I~C EJ(;~-

120 ,--,-....,.--=--r-~ a . 
~ 6 0 ~ 

100 4 z 

: 2~ 
ao~~~-~~~ 

2 4 6 a 
LENGTH n \'2 

B SPACED DI POLES 

100. 
• Ro 
~ 3 
0 .0 

ao GAIN 2 ; 

o I :C a: \!) 

60 0 
0 · I ·2 .3 .4 .5 

SPACI NG S/).. 

.0 E eo ,___.__.. __ ~__,4 .., 

~ z 
0 60 ,_____....'-' __ ___.____. 2 < 
0 \!) 

~ 0 

D 

0 ·2 ·4 ·6 ·8 
SPACING s;A 

FULLWAVE 
BROADSIDE 

l·O 

~---'A---_., 

200. 
GAIN 

6 
,, 

100 4 "O 

• z 

~~ Ro- : ~ 
0 ·2 . 4 ·6 ·8 l·O 

SPACING S/")... 

. 
oE 
a:<) 

80 

70 

60 
I 2 3 4 

LENGTHnA/
2 

a 
.0 
"O 

6z 

4< 
\!) 

2 

F VERTICAL STACK 

_____.Q..._ 
--'f..._ 

SEE CURVES 
FOR G & H 

Ro (AVERAGE) • 60.0. 

-------12 

L--~--'--JL...-J£----J IO 
.0 

a ; 

6 ~ 
<--><---'-- .I--'---' 4 

0 2 4 6 8 10 
NUMBER OF DIPOLES 

H VERTICAL BROADSIDE 
(END FED) 

Fia. 13.95. Four aeneral typ,es of broad1ide array. (a) Collinear a rrays. (b) End-spaced dipoles. (c, d, e) Two-tier. Sterbo. or Barrase a rrays. (f) 
Pine tree or Kooman•, •tacked horizontal "A/2 or >. d ipoles. (g, h) Vertically polariz:ed br·oadside arrays. Gain figur·es are with refer·•n~• to a 
free-spaco dipole, in terms of spadnc or total lencth in h<illf.wavu. Resistance ficur·et ar·e aver·Age over tho array, and a.re added 
in s eries or parallel according to c:he feed arranacments, as described in tho text. Various feed posit-ions are shown, and details are 

riven In the text. The aer ial in (c) a.n b<> arranaed to give a broadside beam over a 2: I frequency range, e.a. 14, 21 and 28 Mc/1. 

Lazy-H 
When the array is one wavelength long it is called a lazy-H 

and the effective gain is quite high especially if the upper wire 
can be placed at a height of one waveleoglh. With the 
phasing lino connected as in Fig. 13.95(d) it must be elc» 
trically n half wavelength long and crossed to restore phase. 
The impedance across the bottom end of the phasing line is 
then of the order of 3000 ohms and a >./4 stub transformer 
would bo the best matching arrangement (Fig. 13.95(b)). On 
the other hand, if it is connected as in Fig. J 3.95(c) with a 
centre tap feed, lhere is no need to cross tho lino as its two 
branches are always in phase. This connection makes use 
of the quarter-wave transformer effect in tho 600 ohm phase 
line and will reduce the feed point resistance to around 70 
ohms so that a low impedance feeder can be used. 

A version of the lazy H which can be used on 14, 21 and 28 
Mc/s is shown in Fig. 13.97. The gain will not be as high as 
in the basic version but it is nevertheless a worthwhile bi
directional fixed array. 

Tho length L should be 33 to 40 ft. and the spacing 16 to 

20-RCH • • 

24 ft. The larger dimensions will give slightly more gain on 
all bands. The height of the lower wire should not be less 
than 15 ft. and best results will be obtained if it is 30 to 35 ft. 
above ground. 

Ste rba Curtain 

Longer arrays have, of course, sharper patterns and greater 
gain, generally up to 4db more than a collinear array of the 
same length. Tho loading due to radiation is also high so 
thata.six-elomont array with series-feed (Fig. 13.95(e)) would 
have effectivoly the input impedance of six dipoles in series, 
say 500 ohms, whilst an eight element array fed at the base of 
the centre phase line would be like four full-wave centre fed 
aerials in parallel, about 800 ohms. In either case, tho v.s.w.r. 
on a 600 ohm line would be low enough without ex.tra 
matching. Tho element length (feet) should be about 470// 
(Mc/s) and the phasing line on these larger aerials may be 
600 ohms open wire or 300 ohms ribbon and of resonant 
length. 
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Phasing Lines 

When the phasing lines are part of a series connection (e.g. 
Fig. 13.95(d) and (e)) they must be electrically one or more 
complete half wavelengths long. When the length is >./2 they 
must be transposed to recover the phase reversal due to the 
wave travelling along the length of line, but if they are one 
wavelength long the phase is restored and the lines are not 
crossed. However, if the feeder is tapped into the middle of 
the phasing line as in Fig. 13.95(c) the current divides in 
phase regardless of its length and no cross-over is needed in 
that phasing line. 

Tha velocity factor of open wire lines is nearly unity and 
the length factor for a half-wave is 0.48--0.49>.; thusitis usually 
necessary to space the upper and lower rows by ,\/2 in order 
to achieve a practical construction. When 300 ohm ribbon is 
used advantage can be taken of its velocity factor of 0·8 and 
the aerials spaced vertically by i wave with an electrical 
half-wave of ribbon (365/f) or i· wave with a full-wave of 
ribbon. On tho other band 300 ohm ribbon is not so good for 
small arrays because in such applications it carries a high 
v.s.w.r. 

Broadside Verticals and Stacks 

Tho vertical broadside arrays arc attractive because they 
have the low angle radiating properties of vertical aerials, but 
they require elaborate supports and are thus not likely to be 
used except on 2J or 28 Mc/s. Vertical patterns of such arrays 
are given in Fig. 13.70(a) (b), and horizontal patterns for two 
elements in Fig. 13.64. The patterns are broader than those 
of tho equivalent coll inear arrays. The half-wave d ipole 
impedances with mutual effects tend to average 60 ohms. 

Tho stack or horizontal dipoles is really the same aerial 
rotatod. Its azimuth pattern is that of a single horizontal 
element; the vertical pattern is not illustrated, but improves 
on that given in Fig. J3.70(e), as the number of elements 
increases. In these arrays advantage can be taken of the 
velocity factor of 80 ohm line (0·67) or 300 ohm lines (0·8) 
to make the phasing lines one wavelength Jong (uncrossed) 
and increase the spacing of tbe elements to 2/3>. or 3/4>., but 
the 80 ohm line should not be used with full wave dipoles 
because of the high v.s.w.r. it would carry. 

" Flat Top" or WSJK End-fire Array 

These aerials use two aoti-pbasc radiators side by side 
(Fig. 13.98) and force tbe broadside radiation to low angles 
by cancelling the radiation in upward directions. The vertical 
patterns are given in Fig. 13.70(f) It will be seen that the 
wave angle drops ns tho height is raised, but the pattern does 
not break up at certain heights, as does that of a single wire, 
and so tho hoight is not critical. 

Tho radiators may be separated by light wooden spreaders, 
hanging from two supports, and may be half wave, full wave, 
or extended Jiko a collinear array. With a two or four ele
ment Hat top array, the elements are half wavelength long 
and not critical, but in a longer array the distance between 
cross-over centres or between cross over centre and free end 
must be a resonant length. Alternatively, the phasing line 
can be made half-wave long (uncrossed) using 600 ohm line, 
and left to bang (Fig. 13.99). The dipole lengths are slightly 
affected by mutual impedances: a suitable length (feet) is 
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Fir. 1 J,98. Tho basic W8J K flat-top array. T he antiph;uo current• in 
the elaments cancel any vertical radiation a.nd reinforce in the plane 

of the array. 

460// (Mc/s) for dipoles 480// for full wave aeria ls in these 
arrays. 

Tbe theoretical gain relative to a half-wave dipole is 2·5db 
at half-wave spacing between elements rising to nearly 4db 
at very small spacings. These gRins are added to the collinear 
gain if more than two elements are used. Close spacing is 
attractive because apart from the higher gain the aerial is 
easier to support and mechanically more stable, but it will be 
seen from Table 13.6 that radiation resistance drops to very 
low values at small spacings. This means large standing 
waves, high currents and voltages, and intense loca l field, 
which all result in power loss through conductor resistance 
or dielectric losses in insulators and spreaders. As a result 
the theoretical gain is never reached, but 3·5db can be 
obtained if precautions are taken. 

.. . 
Fia. 13.99. An end·fed single sect ion WBJK usinc a ol 3ck h3lf-wavc· 
length phasinc line which is not tran sposed, unlike the thort line of 

Fig. tJ.tOO(d). 

Tbe directivity of the W8JK is also a function of the spac
ing, being greatest at close spacings. lf the array is fed 
exactly at the centre of the phasing line as shown in Fig. 
13.100, the horizontal pattern will bo bi-directional. lf, how
ever, the feed point is moved to the centre of one of tbc 
elements, the array will become uni-directive, with maximum 
radiation in the direction of the " driven " element. This 
arises because tho current in the other element then lags from 
the ideal 180° phase differing by an amount corresponding 
to the electrical length of the phasing line. 

A flat top beam comprising two half-wave dipoles spaced 



S12ction (b) 

Fir. 13.100. Sina i• and double sectio n WSJK arrays usin' centre and 
end feedln r . Dimen1lon1 are given in Table ll.8 for different bands. 

0·15 to 0·2.\ at 14 Mc;s can be used as a full wave array on 
28 Mc/s, where spacing ,would become 0·3 to 0·4.\ and al
though the v.s.w. r. on the line may be high on one or more 
bands the aerial will at the same time perform as a beam on 
21 Mc/s. 

Table 13.6 gives dipole centre- and end-impedances for 
half· and full-wave arrays; it will be seen that with spacing 
less than 0·2.\ power loss can easily occur, due to large cur
rents in the wire and high voltages across the insulators and 
matching to a line may be difficult. One way to deal with the 
extreme impedances is to remove them by folding the radia-

TABLE 13.6 

Impedance Values for WBJ K Ae rials 

Spacing L = 1./2 L - ). 
S). 

Rd Re Rd Ro 

0·1 6 40,000 10 50.000 
0·15 12 20,000 20 25 ,000 
0·2 20 11.000 30 16,000 
0·25 33 7.500 50 10,000 
0·3 46 5,500 65 

I 
8,000 

0 ·4 64 4,000 100 5,000 
O·S as 3,000 125 4,000 

Approximuo theoretical im pcd:inces in ohms at two points or a WSJK 
~rray. Rd is the impcd;incc at tho c:cncre of any half·wavc clement and Re 
tho impedanco to car-th of any free end. figures are based on an ieria.1 
characteristic Impedance of 500 ohms. 

tors two or three times. This multiplies the low centre im
pedance by four or nine, and reduces the high impedance by 
the same factor. The two branch feed lines can then be used 
as quarter-wave transformers using suitable cable to achieve 
the required feed point impedance. A few examples arc given 
in Table 13.7. An alternative method of matching using 
transformers in the line would be found difficult due to the 
hi2h v.s.w.r. 
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TABLE 13.7 

Input Impedance of WBJK Aerials 

S/"). 
'i./4 Input Impedance Full wave 

Branch /,/2, 1-2-l·Fold Inp ut 
Z , Im pedance 

1 l 3 

-0·15 80 250 70 30 

}1,000 150 900 250 100 
300 - 900 100 
600 - - 1,600 

0·2 80 160 40 -
}1.soo 150 600 150 60 

300 - 600 250 
600 - - 1,000 

0·25 80 100 - -
}1.000 150 300 so -

300 - 300 150 
600 - - 600 

A few ph:Lsing·linc tr:ansformer arra ngements for hair.wave and full·wavv 
WSJK acri:.ls using single or folded elements. Figures aro only approxi· 
mate, :tnd uc bucd on :an aerial c;hancteristic impedan ce or 500 ohms. The 
fu ll W'1YO input impcdancc.s aro for single wire elemcnu. 

Suitable dimensions for one, two and four section W8JK 
arrays arc given in Table 13.8 in conjunction with Fig. 
13.101. The design includes a matching stub (sec page 13.25) 
for feeding the array with aperiodic bala.nced 600 ohm twin 
wire line. 

A simple practical design for single band single section 
arrays is shown in Fig. 13.102 and Table 13.9. This 
utilizes 300 ohm twin wire line for the phasing sections. By 
taking advantage of the impedance step-up provided by 
three-wire folded radiators, the array is arranged to present 
an acceptable match to a main feeder also made of 300 
ohm flat twin. 

ZL Special 

This simple unidirectional aerial consists basically of two 
dipoles spaced t wavelength apart and driven 135 degrees 
out of phase. In order to obtain a reasonable match when 
fed with 75 ohms feeder it is usual to use folded dipoles for 
the radiating clements as shown in Fig. 13.103. 

The phasing section between the two folded dipoles should 
be i wavelength long electrically and must be crossed over 
between the two elements in order to obtain the correct 
phase difference. 

Because it is not possible to construct a phasing line with 
unity velocity factor the actual spacing of the two elements 
will be slightly shorter than optimum but this appears to 
have little adverse effect on performance. Using open wire 
construction for the phasing line with a velocity factor 
normally 0·95 is the best, a 300 ohm ribbon feeder can be 
used but the spacing lhen becomes somewhai less than the 
optimum of ;} wavelength. \Vhich ever construction is 
used for the clements the velocity factor does not come 
into account. 

The aeria l can be constructed as in Fig. 13.103 or made 
up on a boom with bamboo spreaders and fitted with a 
rotator. Lengths for A, B and C given overleaf are based 
on the following calculations: 

~X 0·95 B 
468 

A. Mc/s · Mc/s 
123 

C. Mc/s X V.F. 
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Fir. 13.101 Layout of I, l and 4 
section centre fed W8J K a rrays. 
Inset is a quarter wave tcction 
enablinr;the arn.y to be! matched 
the untuned600 ohm balanced line. 
The m3tching section must hang 
vertically down from tha feed 
points A - A'. Oimen1 ion1 arc aiven 

in Tab la 13.8. 

Frequency Spadnr s 
7·1 Mc/s 0 ·125). 17tft. 7 in. 

14·1 Mc/s 0 ·125). B,ft. 8 in. 
14·2 Mc/s 0·15). 10 ft. Sin. 
H·l Mc/s O·V. 13 It. 10 in. 
28·1 Mc/s 0·15), s ft. 2 in. 
28·2 Mc/s 0 ·25), B ft. 5 in. 

~ll---l-0-ll~ ' ' . ' 

T ABLE 13.8 

LI Ll L3 D M 

34 ft. 60 It. Sl ft. 7 in. Ht. B ft .. 10 in. 
17 ft. 30 ft. 26 ft. 3 in. 2 It. 4 ft. Sin. 
17 It. 30 le. 25 le. 1 in. 2 It. s ft. 4 in. 
17 It. 30 IL n1 •. 1o in. 2 ft. 7 lc. l in. 
8 lc. 6 in. 15 le. 12 It. 7 in. I ft. 6 in. l It. 8 in. 
B It. 6 in. 1Sjlc. 10 It. -tin. 1 It. 6 in. 4 ft. Sin. 

Note : l4 •nd LS are approxim•<e values. In particular LS should be adjusccd for minimum s.w.r. on the main feed li no. 

A 
' 0 

r: 
X - X FEEO '8' POINTS FOR 
7Sn TWIN 

(a) ' 
B 

Length lOm. 15m. 

A 31 1 •. 4 in. 20 ft. 10 in. 
B 33 ft. ll It. 
c 8 ft. 8 in. 6 It. 3 in. 

Note•. V.F. for open wire 0.95. 
V.F. for 300 ohm feeder 0.85. 

L4 LS 

33ifc. 8 in. 4 ft. 
16 ft.10 in. lit. 
16 It. 10 in. l ft. 
16 fc.10 in. lie. 
ere. 6 in. 1 ft. 
B It. 1 in. lie. 

: :t: 
fO m. 

15 le. 7 in. 
16 ft.S in. 

-4 ft. 3 in. 

C dimensions given for 300 ohm feeder. 

Fir. 13.102. A practical single section W8JK dc•irn. T he ph:uing 
lines can be made from 300 ohm nat twin polythene cable if allow
ance is made for tho velocity factor. Dimensions are eiven Table 13.9 

TABLE 13.9 

Frequency 51 52 l1 L2. L3 • 

7·1 Mc/s 20 I<. 9 In. Hin. 65 ft.10 in. 27 le. 7 in. 
H·2Mc/s 10 ft. 4 in. 12 in. 32ft.11 in. 13 It. 9 in. 
21 ·l Mc/s 6 ft . 4 In. 12 in. Ult. 9 It. 3 in. 
28·2 Mc/s SI<. l in. 9 in . 16 ft. 7 in. 6 le. 11 in. 

• For air-sp:i.ccd lino. Jr O:it po1ythono 300 ohm twin is used, theso 
lengths muse be multlpllcd by O·B2 (velocity factor) 
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I 
I REVERSAL OF 

,..__/DIRECTION OF FIRE (b) 

Fir. 13.103. The ZL Special. Rover1:I of direction can be obtained 
either by foodinr at tho opposite dipole or by physical rotation of 

the aerial about a horizontal axia.. 



LONG WI RE BEAM AERIALS 

T he V Beam Aerial 

A long wire aerial two wavelengths long has a lobe of 
maximum radiation at an angle of 36° to the wire. If two 
such aerials are erected horizontally in the form of a V wiU1 
an included angle of 72°, and if the phasing between tbem is 
correct, the two pairs of lobes will add fore and aft along 
a line in the plane of tho aerial and bisecting the V. Remain
ing lobes do not act in this way and so this provides what is 
essentially a bi-directional beam, although minor lobes will 
occur away from tho main beam. 

Fig. 13.104(a) illustrates the principle. If the waves on the 
wires were visible, they would be seen to flow in the directions 
of the arrows, to appear in phase from the front of tbe array; 
hence an anti-phase or balanced feed line is necessary at the 
apex. 

The directivity and gain of V-beams depend on the length 
of the legs and the correct choice of the angle at the apex of 
the JI. 

This angle also depends on the length of the legs so that in 
order to design a V-beam the length of the legs should per
haps be the first consideration as this is likely to be the 
limiting factor in most amateur installations. 

(a) 

6000 
: 1 LINE ,. 

I 

.. )lo 

REINFORCED 
RADIATION 

TO FURTHER POLE ·a• 
,;"' ,, ,, 

MAXIMUM 
~RADIATION 

~~~ 
I 4 ! 

TERMINATING 
RESISTOR 

(b) 

B 

Fia. 13.t0-4. The Vee b•am aerial derived from two lone wir~s at an 
acu c:e anate A. The polar diacrams reinforce alone the ;1.x is of th e 

aerial and tend to cancel in other directions. 
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Assuming tbat the correcl angle is used the gain to be 
expected in the most favourable direction is given in Table 
13.10. 

T ABLE 13.10 

Leg Length in W:wclcnglhs 
1 
2 
3 
4 
5 
6 
7 
8 

Gain 
3db 
4·5db 
5·5db 
6·5db 
7·5clb 
8·5clb 
9·3db 

JO·Oclb 

Apex angle 
108° 
70° 
57° 
47° 
43° 
37° 
34° 
32° 

The horizontal polar diagrams or such beams var ies with 
the log length and is virtually bi-dircclional along a line 
bisecting the apox. T he shorter lengths show quile a broad 
lobe which becomes increasingly narrower as lhe number of 
wavelengths in each leg is increased. 

The general layout ol' V-bcams is shown in Fig.13.J 04(b). 
Probably the best way or feeding a V-boam is by the use of 

tuned feeders as the impedance is high. ff a V-beam is 
designed for a particular frequency it can then be used 
successfully at higher frequencies. Jdenlly such a beam 
should be erected at a height or one wavelength above ground 
but as in the case of a 14 Mc/s beam this is difficult to 
achieve. A height of half wavelength will give satisfactory 
results although the gain will be reduced at low vertical 
angles of radiation. 

This aerial is not one which can be used by the majority of 
amateurs because of its size but where spaco is available it is 
very useful in view of its simplicity. Its other main limitation 
is the narrowness of the main lobes which limits its all round 
coverage unless a number can be erected and so orientated 
so as to cover all the main land masses. 

The V exhibits some degree of end-fire effect and ca.n be 
made unidirectional if it is terminated, for example, \vitb the 
artificial earth described in connection with Fig. 13.87. A 
suitable value of resistor would be 500 ohms for each leg. The 
input impedance, in the resonant condition, may rise to 
2000 ohms in a short V but will bo between 800 and 1000 
ohms in a longer or terminated aeria l and thus GOO ohm feed 
lines can be used. Alternatively a non-terminated V can be 
driven like the balanced Windom shown in Fig. l3.83(b). 

The Rhombic 

Early difficulties of terminating a wire high in the air led to 
the development of the rhombic aerial in which a second V 
is added, so that the ends can be brought together. The same 
lobe addition principle is used but there is an additional 
complication, because tho lobes from the front and rear 
halves must also add in phase at the required elevation angle. 
This introduces an extra degree of control in the design so 
that considerable variation or pattern can be obtained by 
choosing various apex angles a.nd heights above ground. 

T he rhombic aerial, a development of the V-beam, gives an 
incr eased gain but takes up even more room and requires an 
extra support. There are two forms of the rhombic; the 
resonant rhombic which exhibits a bi-directional pattern and 
the terminated rhombic which is non-resonant, unidirec
tional and has a higher gain. 
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The layout of lhc two forms are shown iJ1 Fig. 13.105. 
As can be seen the resonaot rhombic can be considered as 

two acute angle II-beams placed end on to each other. The 
main advantage of the resonant rhombic over a Vis that it 
gives somewhat greater gain for the same tota l wire length, 
and its directional pattern is less affected by frequency when 
used over a wide range. 

Feeding the rhombic is best done by tuned feeders as for 
the V-beam, as this allows the system to be used on several 
amateur bands. 

Tho average gain of a rhombic is 3db greater than that of a 
V aerial with the siune legs and this is to be expected because 
the rhombic is twice ns large. 

A·-L-~1 ~ 
L ,;---------~,,._ MAXIMUM 

,/ RADIATION r / INSULATOR 

I A 
(a) 

R 

(b) 

.. 

~ 
MAXIMUM 
RADIATION 

Fig. 13.105. Terminated and unterminated rhomhic aerials. 

The non-resonant rhombic layout is similar to that of the 
resonant type, the only real d ifference being that it is termi
nated at the far end from the feed point by a non-inductive 
resistor slightJy higher in va.lue than the characteristic 
impedance of the ordinary or unterminated version. This 
allows for the energy loss through radiation by tbe time tbe 
far end is reached. An average termination wiU have a value 
of approximately 800 ohms. ll is very important that the 
terminating resistor be as near a pure resistance as possible, 
i.e. without inductance or capacitance. For this reason the 
use of ordinary wire wound resistors should nor be con
sidered as they have far too much inductance and distributed 
capacitance. The power rating of the terminating resistor 
should not be less than one third of the power input to the 
aerial. Generally the rating used is one half for safety mar
gin. Such resistors arc nol readily available for power out
puts of more than say 20 watts but a suitable arran!!ement 
can be made up by using a suitable number of small resistors 
wired in parallel in the same way as is used in construction of 
dummy loads. 

The terminating resistor may be mounted at the extreme 
ends of the rhombic at the lop of the supporting mast or an 
open line of 800 ohms can be brought clown from the top and 
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the terminating resistor be connected across this at near 
ground level. The impedance at the feed point of .i ter
minated rhombic is 700-800 obms and a suitable feeder to 
match this can be made up of 16 s.w.g. wire spaced 12 in. 
apart. Hc..wicr gauge wire will need somewhat wider spacing, 
which can be delermincd from the curves of Fig. 13.12. 

The design of both resonant and non-resonant rhombic 
aerials can be taken from Table 13.10, considering 
them to be two V-beams joined at the free ends. These 
figures will give a wave angle of the main lobe of approxi
mately I 5° in all cases, when the aerial height is one wave
length. 

The design of V and rhombic aerials is quite flexible and 
both types wi ll work over a 2 : J frequency range or even 
more, provided the legs are at least 2,\ at the lowest fre
quency. For such wideband use the angle is chosen to suit 
the length Lat the mid-range frequency. ·Generally the bcam
widlh and wave angle increase at the lower frequency and 
deerc;1so at the upper frequency, even though tho apex angle 
is not ideal over the whole range. 

A suitable height above ground .is one wavelength, 
al1bough aerials with legs as short as 2,\ may produce an 
extra high-angle lobe al th is height. A short-leg aerial may be 
more salisfactory at a height of )./2 even though this raises the 
wave angle somewhat. 

A comparison wi th the figures given for tuned arrays in 
Fig. 13.95 will sbow that, for the same total length of radiator, 
Vand rhombic aerials give somewhat lower gain, but against 
this must be set tbe simplicity of construction, wideband 
propert ies and ease of feeding. They do require a great deal 
of space but whero there is no room to erect the rhombic, the 
gain and low wave angle can, to a large extent, be obtained 
by placing one V over another, spaced ,\/2 apart at the mean 
working frequency, with the lower leg not Jess than ,\/4 high. 
The two feed points in this case can be joined by open wire 
lines. If the feed line (300 lo 400 ohms) is joined to the centre 
point (as Fig.13.106) multi band operation is maintained; this, 
however, is practically dillicult. The alternative feed limits 
operation lo one band, since the two Vs must be kept in 
phase with each other. 

x 
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Fic. 13.106. Stacked Vee beam aerials provide lower angles of radiation 
and incre;a,sed eain. Feed ;lt points X·X for multiband or Y-Y for 

1inale b;ind operation. 



PARASIT IC ARRAYS 

The broadside arrays of the previous section radiate 
equally fore and aft. Tn order to make them unidirectional, 
reflectors are added behind each dipole of tho arrny. In 
theory, driven reflectors can raise the forward gain of an 
array by 3db, or that of a single dipole by 4db and at the 
same time produce a high front-to-back signal ratio. lo 
practice it is very difficult to adjust arrays with driven re
flectors so that the currents are equal in amplitude and 90° 
in phase as required by theory, because the effect of mutual 
impedance is to produce unequal radiation resistances in 
aerial and reflector. 

It has been found much simpler and just as effective to use 
a parasitic reflector, which picks up some of the power of the 
driven dipole and re-radiates it in the required phase. At a 
quarter-wave spacing the coupling between aerials is however 
too low, and better performance is obtained by reducing the 
spacing and at the same time increasing the length of the 
reflector to make it inductive, i.e. lagging in phase: this 
adjusts the phase of tho induced current to suit the reduced 
time of travel between the closer elements. The resulting 
array has more gain than a driven pair: at the optimw11 
spacing of 0· 15.>. tho gain is Sdb, and the front-to-back ratio 
about I 2db, but the input resistance falls to 25 ohms. 

The parasitic element may also be cut shorter than reso
nant length, so that it is capacitive or leading in phase. rn 
this case it draws the wave forward, and at tho same time 
cancels the radiation in the opposite direction. Such a 
parasitic element, called a director, gives a little more gain 
than a reflector, with a much better front-to-back ratio, 
especially at close spacings. It is therefore more commonly 
used. The optimum spacing is 0·1.>. where the maximum 
gain is just over 5db, with the director tuned as described 
later. Tho best front-to-back ratio, 15 to I 7db, occurs with a 
somewhat shorter director, and the gain is then slightly less. 
If the spacing is reduced to 0·05>., a front-to-back ratio of 
over 25db can be obtained with the same gain but the aerial 
impedance is then very low, and fluctuates violently with 
movement of the conductors in the wind so that such close 
spacing is avoided in practice. 

Adjustments in these aerials are usually made for best 
back-to-front ratio, because in these aerials the gain docs not 
change very rapidly as the parasite length is adjusted, and 
because of the advantage of interference reduction, particu
larly in reception. This may be done by comparing received 
signals from local stations, or if the aerial can be rotated, by 
transmitting to or receiving from a fixed station. 

A field strength indicator may help in the adjustment of 
these arrays, but does not give the best result, because the 
local field or any aerial is very different from tho distant field, 
especially near the ground. If a field strength meter is used it 
should be connected to a short dipole, set up parallel to the 
array, at tho same height and as far away as possible. An 
important point is that the impedance of the driven aerial 
changes rapidly when the parasitic element is tuned, so that 
the power drawn from the transmitter also varies with this 
tuning. Thus, unless a power-flow monitor, not an ammeter 
but a reflectometer is used the optimum aerial gain adjust
ment will not be obtained. 

Tho adjustment for best front-to-back ratio will give a 
little less than maximum gain, but once the advantage of a 
good ratio has been experienced in reception, it will be 
realized that this slight loss is well justified. ft will be found 
tha(the best reflector for this aim is somewhat longer, or the 
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best director somewhat shorter than the length giving 
maximum gain. 

Two Ele m ent Arrays 

Two-element aerials of these types can be constructed for 
14 Mc/s and higher frequencies, in fixed or rotating form, 
and as suspended wire aerials for 7 Mc/s. Rotating arrays 
are usually made of rigid metal tubing. When the array is 
fixed, for example supported between spreaders, good in
sulators should be used at tho ends of the wires as the voltages 
there are relatively high, and serious loss can therefore easily 
occur. In the case of fixed arrays, it is convenient to be able 
to reverse direction, and this may be arranged by changing 
the parasitic element from reflector to director, using a 
U-section or stub in the centre which can be shorted out to 
change from the length of reflector to that of director. This 
stub can, in facl, be extended by one half or one full wave
length using 600 or 300 ohm twin line, so that the position of 
the shorting link can be changed at ground level without 
lowering the aerial. 

T ABLE 13.11 
Properties of Two-element Pa rasitic A rrays 

Spacing Re Occtor Director 

s/>. x Gain F/ B Rd x Gain F/ B Rd ------
ohms db db ohms ohms db db ohms 

O·OSi.. -10 -4·4 20 13 
+ 10 5·6 6·6 " 0·1). + 30 s 6 16 -10 5·2 7·8 14 

+so 4 10 26 -40 -4·2 17 33 
0·15). + 20 s 6 35 

+so 4 10 so 

Theoretical properties or two,~clcmcnt paruitit arnys, which are lar&ely 
re3fiz.ed in practite. The tunin1: of the parasitic clement is given in terms or 
reaccance X (see Fig. 13.107). G•in •nd front/back ratios are iiven in db,.nd 
feed re.sis tan cc Rd in ohm.s. or the two sets of figurM given for each spacini. 
one is (or maximum gain and the other maximum front/back n.tio. 

From Table 13.11 , it will bo seen that O· L\ is a good value 
of spacing for a combined roflcctor/director system; th is is 
7 ft. for 14 Mc/s. At this spacing the feed point impedance at 
the centre of tho driven aeria l is between 15 and 30 oluns, and 
the aerial is fairly sharply tuned, but can still effectively cover 
the J4 Mc/s band. To match this impedance to available 
transmission lines, a transformer is needed, and this should 
be introduced as near the aerial as possible in order to 
preserve bandwidth. The best way to do this is in the aerial 
itself, by using a folded radiator. A two-fold type, such as the 
300 ohm ribbon folded dipole, will bring the feed impedance 
to a value suitable for 70-80 ohm twin feeder. Wben the 
array is rotatable and self-supporti11g, folding is not really 
practicable a11d open wire twin line is not suitable because it 
changes its characteristics as it wraps itself round the sup
porting mast. However, tho transformers given later for 
three-element arrays may be used, the adjustments being 
practically the same. 

Tuning t h e Parasitic Ele m ents 

Formulae for element lengths arc frequently quoted, but 
are not useful unless tho diameter of the elements is also 
specified. What controls the performance is the reactance of 
tho parasitic element; that is, the amount by which the 
element is detuned from resonance, and this, in tenns of 
length, depends on the length/diameter. ratio. Fig. 13.107 
shows reactance as a function of percentage change of length 
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for various relative conductor diameters. Tbe crossover 
point of the curves occurs when the radiator is a true free
space half wavelength long calculated as 492// (ft. Mc/s). At 
this length the conductors all have a reactance of about + 40 
ohms, and must be end corrected by the percentage which 
brings the reactancc to zero to obtain resonance. For 
example, the correction for a relatively " fat " aerial, with 
L/d = 100, is 5·5 per cent so that for 28·0 Mc/s the full half
wavc would be J 7 ft. 6 in. and the end correction I ft. making 
the resonant length 16 ft. 6 in. 

UJ 
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~ ·-------+-t-:f-~~........,,..,,..,..., 
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~ ·-------~+.~..,...,.s-o__----1 

Nl------~'7';~"--------1 ;;;:-

L =FULL ~/ 2 "' .... 
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LL = 492 It + Mc/ s 
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u 
er 
UJ 
Q. 

._,.,,......._...._ __ _._ _____ ......J'--------'- IS~o 
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Fir. fl.107. Tunine and rl!actance chart for half-wave dipolas, as a 
function of the lenrth·d iameter ratio. A radiator exactly half-wava 
lone is "over tuned" by 42 ohms, and 11 e nd correction, 0 given as a 
percentage of the lenath, i1 necessary to brine it to resonance (zero 
reactance). The chart II usefu l for the construction of parasitic 
arrays a.nd v.h.f. dipofu. Each 1 per cent of leneth corresponds to 

5 uniu in the factor ~92/f or 60 in 5900/( (( is in Mcfs). 

The best reOcctor has a positive reactance of about 40 
ohms, which brings its length to almost a true half-wave, 
independently of diameter. For O·.J,\ spacing, best director 
action occurs at - JO to -40 ohms reactance with a length 
some 5 to IO per cent shorter than the full half wavelength. 
For example, at 21 ·0 Mc/s, ,\/2 = 492// = 23·4 ft. A I in. 
diameter half-wave radiator would have a Lid ratio of about 
300, and an end-correction of -4·4 per cent, giving a reso
nant length of 22 ft. 4 in., whilst a director of -30 ohms 
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reactance would be 7.4 per cent short of true half-wave, or 
21 ft. 7 in. 

rn practice it is always advisable to find the best adjust
ment experimentally, using the above theozy as a guide, 
because the environment of the aerial bas some effect. The 
parasitic clements can be tuned first, independently of the 
driven clement, which may then be adjusted for optimum 
tuning and impedance match, as described later. 

The following figures will be found satisfactozy for two 
element beams in most locations where the spacing using a 
director is O· l wavclcnglb or where the reflector spacing is 
0·15 wavelength. 

Rcllcctor length in feet 

Driven element in feet 

500 
f(Mc/s) 

475 
/(Mc/s) 

455 
Director length in feet /(Mc/s) 

From this it will be seen that the driven element is a little 
longer than the normal half wavelength. The director is 5 
per cent shorter than tbe driven element and the reflector is 
5 per cent longer than the driven element. 

Three- and Four-element Parasitic A rrays 

lmprovcd performance can be obtained by a combination 
of rcOcctor and one or more directors, the usual arrangement 
having all the elements in one plane. Such aerials arc called 
Yagi arrays, after their inventor, and give as much gain as 
can practicably be obtained in the space they occupy. They 
have a relatively compact beam of radiation in the direction 
of the directors. There is no advantage in using more than 
one rcOector in an in-line array, though many directors may 
be used with advantage. For h.f. work one, or at the most, 
two, directors are the limit because of the size of the array, 
but in the v.h.f. bands longer arrays with more than three 
elements may be built, and aro described in Chapter 14. 

Tho characteristics of two-clement arrays can be calculated 
quite well, but three or more elements lead to such com
plexity that their analysis requires a computer. A vast 
amount of oxperimcut by amateurs and others has, however, 
resulted in comprehensive knowledge, and an infinite variety 
of prescriptions for element lengths and spacings. 

Tho vertical and horizontal radiation patterns of a three 
element Yagi array arc given in Fig. 13.108. 

The maximum theoretical gain obtainable is 7·5db for 
three elements and nearly 9db for four elements. These 
patterns have their half-power points at a beamwidth of 
about 55° in the £-plane (tho plane of tbe clements) and 
65-75° in the H-plane (at right angles to the elements). These 
high gains are, unfortunately, associated with a feed-point 
resistance of only a few ohms, so that in practice the loss due 
to conductor resistance and environment may be appreciable 
in proportion. rn addition, the tuning is vezy sharp, so the 
array will only work usefully over a small part of, say, the 
14 Mc/s band, whilst the.lino matching for a low v.s.w.r. is 
vezy difficult. 

The power loss due to conductor resistance, or high feeder 
v.s.w.r., is such that these high gains are never realized in 
practice. It is better, therefore, to design the aerial for less 
gain, but better general performance. How this can bo done 
is best seen with the aid of Fig. 13.109. This is a "contour" 
map of gain and impedance as a function of parasitic tuning, 
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Ver t ical 
Pattern 

100 Horizontal 
Pattern 

-lnlf---------+ ---1-o• at 20° 
Elevation 

Fir. ;u.108. Vertical and hori1ontal radiation pattern( of a three· 
element Yagi array spaced 0•15 + 0·151~ and erected at a heicht of 
one half wave.Ieng-th. These patterns, which were obtained from a 
scale model, do not vary much w ith o~her spacings of the elements. 
Th e vertical pattern is quite narrow compared to the free-space 
patte rn and this is d ue to choice of corrett height. At a height of). 
the pattern is also good but at J),/4 an extra lobe appears in the 
vertical pattern. Note that the front/back ratio alon1 the ground 

may be very different from that at 20° elevation. 

for a Yagi with element spacings of 0·15.\. The lower rigbt
hand corner of the chart is clearly the region to aim for where 
the gain is snll over 6db (or 7db for four elements) whilst the 
feed resistance approaches 20 ohms. This region of the chart 
corresponds to rather loog reflectors ( + 40 to + 50 ohms 
reactance) and rather shorter than optimum directors 
( - 30 to - 40 ohms) and also is found to be the region of 
best front-to-back ratio. 

Although the chart is for aerials with both spacings equal 
to 0·15.\, the resistance aod bandwidth are both somewhat 
improved, with the gain remaining over 6db, if the reflector 
spacing is raised to 0·2,\ and the director spacing reduced to 
0·1.\. Such an array would operate satisfactorily over at 
least half the 28-29·7 Mc/s band or the whole of any other 
band on which it could be used. 

The overall array length of 0·3,\ is practicable on all bands 
from 14 Mc/s upwards, though the 20 ft. boom required for 
a 14 Mc/s array is rather heavy for a rotary array, and t 1ere 
is a temptation to shonen it. Spacings should not be reduced 
below 0· I,\ for both ref:lector and director as the tuning will 
again become too critical and the transmitter load unstable 
as the elements or the feeder move in the wind. 

The optimum tunings do not vary appreciably for the 
different spacings, and ii is therefore possible to construct a 
practical design chart (Fig. 13.110). An array, made with its 
element lengths falling in the shaded regions of the diagram, 
will give good performance without further adjustment. The 
length of the director may be decided in advance. The 
reflector may then be adjusted experimentally to improve the 
front-to-back ratio. It will be seen that the radiator is some
what longer than a normal dipole; this is because the 
parasitic elements have a detuning effect oo it. The addition 
of a second director also spaced O· l to O· l 5,\ wiU not 
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Fig. 13.109. Contou r chart showinc contours of pin (solid lines) and 
input resistance (broken lines) a• a function of the t.uninc or the 
parasitic elements. This chart 11 for a spacing of O·IS:>- between 
elements, but Is also typica.I of arrays usinc O·l + 0·1 1paclne•· 
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Fig. 13.110. Design chart for Yael arr;oys, glvinc element lcnsth1 a• a 
function of conductor length·to-diametcr ratio. The tunlnc factor L 
is d ivided by the freque ncy in Mc/1 to cive the lengths in feet. These 
curvu are for arrays of overall lenath 0 ·3) .• with reflector rcactance 
+ 40 t.o +60 ohms and director-JO to -40 ohms, and a ive arrays of 
input impedance between 15 and 20 ohm•. Element lencths which 
fall within the shaded areas w ill aive an array which un be used 
without furthe r adjustment, thou1h the front-back ratio may be 

improved by adjustlnr the rcOector. 
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materially affect the above recommendations, and can be 
expected to increase the gain by 1db. 

The adjustment of the anay can bo carried out as indicated 
for two element arrays, using the front-to-back ratio as the 
criterion. For this purpose the elements can be made with 
sliding tube extensions or, alternatively, a short variable stub 
can be fitted at the centre. The tu1ling-up can be carried out 
without reference to impedance matching, which is always 
the last operation. Adjustments should be made with the 
array as high and as clear as possible, since tuning alters near 
the ground, and performance should be checked withlthe 
array in its final position. It should be emphasized that 
attempts to adjust for maximum gain lead inevitably into 
the top right-hand corner of Pig. 13.109 where bandwidth is 
low and matching difficult. 

Impedance Matching of Yagis 

The 15- 20 ohm aerial impedance resulting from the fore
going recommendations can conveniently be matched to 
80 ohm line by a single fold of the driven element. Since the 
impedance rises on either side of the optimum frequency, it is 
better not to match at this frequency, but to bring the 
impedance up to say, 60 ohms (v.s.w.r .... 1 ·3 with mMimum 
voltage at the aerial). The aerial will then hold within a 
v.s.w.r. of 2 over a somewhat wider band. 

It is possible to multiple-fold tho driven clement using, for 
example, a rigid central tube surrounded by a cage of wires 
joined to radial struts a few inches long at the free ends of the 
tubes. In this way the radiation resistance can be raised to 
300 or 600 ohms. When there are several thin wires sur
rounding a tube, the step-up ratio is approximately the square 
of tbo nwnbcr of conductors added, so that four wires would 
bring an 18 ohm aerial up to 300 ohms. Most of the examples 
which have been published are for maximum-gain Yagis, 
with a basic feed impedance of 6 to 8 ohms, and use up to 
nine wires. It is claimed that this multi-folding restores the 
bandwidth, but this is doubtful since it is the parasitic 
elements which are responsible for the h igh Q. 

It will be appreciated that two adjustments are necessary 
for matching to the feed line, namely, tuning and trans
former ratio. Most of the known matching arrangements 
provide only one of these, and the operation of adjusting the 
length of the radiator at the same time as the transformer is 
tedious and difficult. Th e T and Gamma transformers of 
Fig. 13.40 are suitable for this purpose. 

The Cubical Quad 

This aerial is very popular with DX operators on the 14, 
21 and 28 Mc/s bands and was originally developed by 
W9LZX in 1942. 

It consists basically of a driven element in the shape of a 
square, each side of which is a quarter wavelength Jong. 
Behind this driven element is placed a closed square of wire 
to act as a parasitic reflector. The layout is shown in Fig. 
13.111 and in this configuration it is horizontally polarized. 
Feeding in the middle of one of the vertical sides would 
change the polarization to the other sense in the main 
direction. 

The quad can be considered as two closely stacked two
element parasitic aerials which are end-fed. The currents 
in the top and bottom wires are in phase and add to give 
broadside horizontally polarised radiation. Those in the 
vertical sides are in anti-phase and cancel in tho broadside 
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direction, giving rise only to a smaU amount of vertically 
polarized radiation off the side. 

The radiation resistance of the cubical quad varies with 
its height above ground and also the spacing between the 
driven element and the parasitic reflector. 

In order to achieve a radiation resistance of 75 ohms the 
spacing between the two clements should be O· J 5 wavelength 
and the height half or one wavelength above ground. It is 
convenient therefore that the optinmm spacing between the 
elements for maximum gain approaches 0·15 wavelength. 
The gain obtained in practice from a cubical quad depends 
upon its use. Wben measured against a reference dipole at 
fairly close range the gain is 5·7db. However, because the 
main lobe of radiation in the vertical plane is quite low the 
signals received at a DX station will show an apparent gain 
over a dipole a good deal greater than the free-space gain 
of 5·7db. · 

The actual angles of radiation in the vertical plane depend 
o f course on the height of the aerial above ground. At a half 
wavelength high the vertical angle of the main lobe will be 
approximately 25° and at a height of one wavelength as low 
as 12° which means that it is a very satisfactory aerial for DX 
working. Because of its comparatively small size it is not 
difficult to make up in the form of a rotating beam. 

There are certain points of importance to note in the 
electrical construction of a cubical quad. Because the ele
ments of a quad consist of a continuous loop there is n o 
" end " elfect and the usual formulae are not accurate. In 
fact the overall length is slightly longer than it would be for 
an aerial in free space. For the driven element, each side 
of the square should be 248//(Mc/s) and fed wilh 75 ohm 
flat twin, or coaxial with a balun. If an unbalanced feed by 
coaxial cable is used there will be a distortion of the lobes 
caused by the unbalance. 

The size of the parasitic reflector clement is the same as 
that of the driven element but it is made electrically longer 
than the driven element by means of a short circuited stub 
which can be adjusted for maxin1wn gain or front to back 
ratio. It will be found quite easy to adjust the stub for a 
front-to-back ratio better than 20db. 

Some amateurs have avoided using stubs to tune the 
refJector by making the overall length of the reflector 5 per 
cent more than the driven element. While this method does 
not permit adjustment for optimum results it has often 
worked quite well in practice when a single quad has beeo 
mounted. 

DRIVEN 
ELEMENT 

~ 
OIRECTION OF ~ 

RADIATION I 
7Sn FEEDER 

REFLECTOR 

Fig. 13.111. Tho bas ic cubical quad showing the current distribution 
and direction around tho dl"iven element. Radiation from the vertical 

sides tond.s to cancel as the currents are in opposition. 



Fig. 13.111. A three-bnnd nc>st 
of cubical quads maintaining 
.;orre c-t spncing for each band. 

The following table will give dimensions suitable for the 
DX bands. 

Band Side of Spacing Approximate Side of Qu:id 
Quad Stub Length Reflector 

wi thout Stub 

l4 Mc/s 17 fl. 6 in. 8ft.5in. J6in. J8ft.4in. 
21 Mc/s 11 ft. 8 in. 5 ft. 7 in. 20 in. 12 ft. 4 in. 
28 Mc/s 8 ft. 8 in. 4 ft. 2 in. 16 in. 9 ft. I in. 

The foregoing description is for a single band quad but a 
two or three band quad can be made up by mounting the 
elements concentrically on a bamboo spider. The dimensions 
will be the same as in lhe above table if three quads are 
mounted as shown in Fig. 13.112. If, however, the driven 
elements are mounted in the same plane and the reflectors 
similarly, there will be a change in the gain and the radiation 
resistance due to the increased spacing used on the bigbcr 
frequencies. If the spacing is optimum for the 14 Mc/s then 
the gain will be lowered and the radiation resistance wi ll be 
increased for tbe 21 and 28 Mc/s quads. At 28 Mc/s the gain 
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will drop to 5·0db and the radiation resistance will increase 10 Fig. tl.113. A suggested method of construction for a li 11 htweiiht 
140 ohms. single band cubical quad. 

A suggested constructional layout for a single band quad 
is shown in Fig. 13.113. lf a three band quad is 10 be con
structed, the length of the horizontal boom should be 
reduced, and the bamboo arms angled outwards, so that lhe 
correct element-to-clement spacing is maintained for each 
band. 

The G4ZU " Bird-cage" Aerial 

Popular as the quad aerial has become, il presents some 
practical difficulties in construction. The fact that the wire 
elements are supported at points of relatively high r.f. 
potential can lead to insulation losses in wet weather. A 
multi-band quad offers considerable wind resistance, and the 
use of substantial bamboo cross-arms results in a prominent 
structure which may not be acceptable in all locations. 

An aerial developed on parallel principles by G4ZU is 
claimed to overcome these disadvantages. \Vhile two 
quarter-wave loops are again used in ao. electrically similar 
manner, the upper and lower arms of each are bent into a 
.. V" as shown in Fig. 13.114, bringing tbe !ow-potential feed 
and stub points near to the central supporting mast wbich 
may now be of metal as in the case of many parasitic arrays 
having earthed clements. These upper and lower arms which 
are individually only 0· 125 wavelengtb long, are made from 

Fie.13.114. T h eG4ZU 
Bird C~se modifica· 
tion fo r the cubical 

quad aerial. 
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dural tubing, and themselves form the supporting slructurc,no 
insulated beams being required. Tlw vertical clements 
joining their tips are of wire. lt still remains necessary to 
insulate the radial arms from the central dural mast, but as 
these are points of low r. f. potential they can be supporled 
by blocks of insulating materials such as l'ufnol, Bakelite or 
wood impregnated with wax, and leakage due to weathe 
will not give rise to serious losses. 

For purposes of adjustment, stubs will be required at the 
centre of each loop, and these can be couvenieolly supported 
along or even inside the mast. The feed point impedance is 
in the order of 40-50 ohms, but higher impedances up to 
600 ohms can be obtained by closing the lower clement, and 
tapping tbe feed points out symelrically along the driven 
element in a fo rm of " Y" match. It has been pointed out 
also that the use of an upper stub of 300 ohm ribbon, ),,/2 long 
for the working frequency of, say, 14 Me/s, and accommo
dated inside the mast, will enable tbe aerial to operate on the 
next lower band of 7 Mc/s, when the stub will become )./4, 
and tbc whole driven loop a half-wave element. 

The use of tubing for the centre portion of eaclt equivalent 
dipole gives Ule G4ZU a broader band-widtb than is typical 
of wire beams, whilst the " V " formation results in some
what higher gain than the quad aerial, and a marked reduc
tion in side-Jobes. Typically 9db is claimed, with the advan
tages of the front-to-back ratio, and very low angle radiation 
when erected a half wavelength above ground. For single
band operation a simplified construction bas been proposed 
in which the height of tbe array is increased to somewhat 
more than a quarter-wave i.o order to resonate outside the 
low end of the desired band without the use of stubs. Variable 
capacitors are then inserted into each loop near to the fced
point, and adjusted to reduce the electrical length of each 
loop to resonance; tbat in the reflector loop being set for 
maximum gain at the working frequency, and that in the 
driven loop for minimum s.w.r. on the feeder. The selling up 
of this form 0f the G4ZU is stated to be exceedingly simple, 
and can often be carried out in tbe ideal manner after 
erection. 

VERTICAL H .F. AERIALS 

In recent years vertical aerials bave gained greatly in 
popularity, since their attractive properties of omnidirec
tional low-angle radiation provide an excellent solution to 
DX working in locations where space is not ava ilable for the 
larger beam structures, or in cases where the lallcr are ruled 
out by aesthetic considerations, or by local Council regula
tions. The uses of such aerials for multiband and for mobile 
applications is considered in a later section. 

In its simplest form tbe vertical aerial will be approximately 
a quaner wavelength long, and used against earth as shown 
in Fig. 13.llS(a) . A 50 ohm cable may be employed with the 
sheathing joined to a good earth, bu1 1here will always be a 
significant loss of power in the earth resistance, and match
ing to the cable will not be exact since the feedpoin t impe
dance will in general be lower Utan 50 ohms. Such aerials can 
prove effective in wet locations having exceptional earth 
conductivity, in coastal regions, or in mari1in1e-mobile 
applications where the hull of a vessel can provide low 
" earth " resistance to the water. They have also been used 
with very fair resul ts when the aerial can be mounted well in 
the clear above a tall building, or perhaps protruding through 
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son 
LINE 

(a) (b) (d) 

Fig. tl.115. Quarter wave vertical aerials. (a) Sina:le wire usin1 earth 
c;onneC'tion. {b) Folded w ire with trandormer (see text de~lin& 
with impedance matching). (c) Ground plane usin& artificial earth. 
(d) Compact ground plane. (e) Guy wires used as a cround plane. 

·rhe ca.ble size is e xaacerated for cl:u·ity. 

the tiles from inside Lhe loft-space of a house, and earthed 
to the network of domestic water pipes which in many 
modern systems are of copper. A copper rising-main can 
form an excellent r.f. earth, but beware of plastic piping 
systems, and do not omit a high-voltage series capacitor such 
as a 0·01 ,,F mica or 1000 pF ceramic component in series 
with the earth lead to guard against any possible short 
circuits to the supply mai11s at the equipment end. 

A method which may be used to reduce earth losses is that 
of folding the radiator as shown in Fig. 13.llS(b) which has 
the effect of raising the radiation resistance and feed-point 
impedance by a factor of four, thus reducing the propor
tional ear1h resistance. The feed impedance of between 
150 10 200 ohms is difficult 10 match directly, and a trans
former or its equivalent may be needed as described la ter. 
Such aerials are difficult to construcl as self-supponing 
st ructures, but are excellent if a wooden mast is available 
to which they can be al!achcd. A convenient feature is that 
the aerial forms a closed loop across the feeder cable, so that 
continuity can be checked from the station by the use of a 
d.c. resistance meter. 

The Ground Plane 

Problems of earth resistance can be virtually eliminated by 
erecting the vert ical over a perfectly-conducting surface, such 
as a large sheet of copper, which gives rise to the term 
ground p lane aerials. The radiation pattern is also grea tly 
improved under such conditions. Io practice however, it is 
usual to simulate the ideal ground-plane by a system of rods 
or wires having similar properties, as this is very much 
simpler to carry out. The usual approach employs a number 
of radial wires approximately a quarter wavelength long. 
At high frequencies four ors ix of these may be self supportine 



cods at the top of a vertical mast, and bonded to the cable 
sheath on the lines shown in Fig. 13.llS(c). Another construc
tion favoured for physical reasons is the ring groundplanc 
illustrated in Fig.13.115 (d). At the lower amateur frequencies 
where such self-supporting construction is not practicable, 
the radials may consist of wires buried a few inches below 
ground, up to 16 being desirable for a really efficient system 
(see also page 13.31). The vertical ground-plane has an 
excellent radiation characteristic even at ground level, and 
there is little advantage in raising it except when surrounding 
objects such as buildings introduce screening losses. It may 
then be supported by a short insulating mast ; the radials can 
form guy-wires as indicated in Fig. 13.llS(e). 

Matching the impedance of a ground-plane to the widely 
used 50 or 75 ohm cables presents a problem which is con
sidered more fully in the section on Impedance Matching. 
Whereas the feed-point impedance of an earthed quarter
wave aerial may lie between 35 and 50 ohms, that of a true 
ground-plane will be 20 ohms or less, and feeder cables of 
this impedance are not available. A solution to this problem 
can be found by tilling the radials downwards as illustrated 
in Fig. 13.115, since this raises the feed-point impedance 
towards that of the dipole, which the aerials would become if 
the radials were considered to be " tilted " directly down
wards at 90 degrees. Four guy-wires may be used, fitted 
with insulators at a quarter wavelength from the base of the 
radiator, and spaced as nearly as possible at 90° from each 
other. If the angle of tilt is 45° the system will be a good 
match to 50 ohm cable. Standing waves along the feeder 
can be measured as described later, the angle of tilt being 
adjusted slightly to arrive at a minimum s.w.r. It is possible 
by the use of still steeper angles to match into 75 ohm cables, 
but such an aerial becomes very nearly a vertical dipole and 
demands considerable height, since the radials will extend 
downwards for nearly a quarter wavelength. In addition, 
approximately another quarter wavelength clearance above 
ground is desirable if the aerial is to exhibit good low angle 
radiation. If 75 ohm cable is to be used, it is better practice 
to employ a horizontal ground-plane and fold the radiator 
as in Fig. 13.115(b), or to use a form of matching network. 

In some installations it may be found that the outside of 
the cable is " live " after it has left the ground-plane. When 
this occurs, it may be necessary to coil up a few feet of the 
cable to act as a form of choke effective on the outer 
surface only. Where there is insufficient space for radials the 
ground-plane can be folded as in Fig. 13.115(d). To under
stand h ow this works, imagine that a single radial only, has 
been provided, and that after a certain distance it is split 
and the ends folded into a circle. The two free ends are at 
the same potential and may therefore be joined together. 
The length of the radial part is 0·07 wavelength and the cir
cumference 0·43 wavelength. This aerial is as effective as the 
previous one, but tuning is somewhat more critical and the 
input impedance low. 

The Extended Ground-Plane 
The aerials so far described are assumed to be very close to 

a quarter wavelength long, and as has been stated, the fced
point impedance is invariably low. As the aerial is lengthened 
however, the feed-point impedance increases, and can be 
expressed in the form R + j X where Risa pure resistance and 
X an inductive reactance which would represent a mismatch. 
Increasing the aerial length from a quarter to approximately 
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one-third wavelength raises tho resistive component to 
75 ohms, whilst the reactanco X rises at the same time to 
betweeD 300 and 400 ohms. Tl is thus possible to obtain a 
good match directly into any feeder of impedance between 
50 and 75 ohms by lengthening Lhe aerial by a suitable 
amount, whilst at the same time tuning out the additional 
inductive reactance thus introduced by means o f an adjust
able series-capacitor. The adjustment will, of course, only 
be correct for one frequency band, where it provides a simple 
and effective alternative to the more sophisticated methods of 
impedance matching set out in the following section. 

Arriviog at the best length for the extended ground-plane 
aerial cannot be done reliably by calculation, since it is 
related to the form of earthing, the number and length of the 
radials, etc, in actual use, and is dependent to a lesser extent 
upon the height of the system above ground, and the effect 
of surrounding objects. 0·375 wavelength is frequently 
regarded as a good compromise or starting point. However, 
if a standing-wave meter or refiectometer of the type des
cribed in Chapter 19 is available the optimum lcngch can be 
simply arrived at by trial and error. The standing-wave 
ratio is measured with the capacitor adjusted to give mini
mum reading. A small adjustment to aerial length is then 
made, and the ratio checked to see if it is better or worse; 
preferably the aerial should initially be too long, and the 
reduction should lead to a reduced s.w.r. It is then only 
necessary to reduce further the length until by adjusting 
the capacitor the s.w.r. passes through, or near to zero. If 
sloping or movable radials arc in use, tbe final adjustment 
can be made even more easi ly by repositioning these, or even 
shortening one of tbem slightly. Increasing the radia l angle 
from the horizontal, or even reducing the length of one 
radial wire, is equivalent to slightly lengthening the aerial 
itself. 

The Loaded Vertical 
Vertical or ground-plane aerials present little problem at 

the higher frequency bands where a self-supporting radiator 
up to 0·375 wavelength long, or a wire supported by a mast 
can be erected. Not infrequently a metal mast or lattice tower 
insulated from earth at its base can be used effectively, as is 
common practice at ·broadcast frequencies. To reap the 
advantages of vertical aerials at 7 Mc/s or lower frequencies 
however, it may be necessary to load the aerial to resonance 
by inductance, on the lines described in the preceding section 
for the 1 ·8 Mc/s band, and this is common practice in 
mobi le insta!Jations where the length of whip-aerial is 
strictly Limited by practical considerations. 

There is no general principle in relation to the inductive 
loading of aerials to permit their use at lower frequencies, 
since the added inductance can be of any value from a few 
turns used mainly to trim the aerial length to resonance, to a 
coil in which the greater part of the total inductance is con
centrated. Two broad approaches to the problem are 
recognized however, generally referred to as base loading, 
and centre or top loading. Both are represented in Fig. 
!3.72(b). The guiding principle is that for best performance 
from a vertical aerial maximum current is essential in the 
vertical portion, particularly towards the top where screening 
is likely to be least serious. ln a short aerial however, maxi
mum current will always occur at the feed-point, and will 
decrease progressively towards the free end. Base loading 
can be thought of as coiling-up the bottom part of the aerial 
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in which maximum current is flowing, thus reducing radia
tion and encouraging coil losses, but tbc clTccts arc to some 
extent offset by the fact tbat less inductance is needed to load 
an aerial to a givco frequency at the base than at any other 
point along its length. 

Base loading is clearly the most convenient since the load
ing coi ls arc accessible for changing bands, :ind can a lso be 
used as a coupling transformer on the lines shown in F ig. 
J3.72. For the reasons mentioned, however, base loading is 
generally confined to adapting <tn aerial for use on the next 
lowest frequency band, because the inductance will not tbeo 
be large enough 10 upset the current distribution seriously, or 
to int roduce excessive losses. Thus a vertical aerial de
signed for quarter wave or i wavelength on 28 or 21 Mc/s 
can be simply adapted for use on 14 Mc/s; and more com
monly a 14 Mc/s vertical may be loaded for use on the 7 Mc/s 
band. A 32 ft. vertical resonant at 7 Mc/s is not unduly 
difficult to erect, and may be base-loaded effectively for 3·5 
Mc/s. The exact size of a base-loading inductance coi l cannot 
be precisely stated, since in effect it is tuned by the self
capacitance of the aerial above it to earth, and this capaci
tance is dependent upon local conditions. As a guide how
ever, it can be stated that a coil containing an equal length of 
wire to the aerial itself will prove rather too large for reson
ance into the next lowest band, and the aerial can bo tapped 
down such a coil until resonance is achieved. and the 
unused portion then discarded. A roller-coaster coil is 
popular for base loading purposes. Whatever type be 
used, the coi l should be of low-loss construction, and 
protected against the weather by a suitable waterproof 
housing. 

The marked increase in mobile activity in recent years has 
led to the introduction of numerous Jondcd whip aerials 
having demountable coils specially suitable to this work. 
Such coils a rc ideal as a basis for more permanent loaded 
vertical aerials for the h.f. bands. Mobile aerials arc in many 
instances centre-loaded, which implies that the coi l will be 
located part-way up the mobile system, and may be designed 
for mounting upon a section of I in. diameter aluminium 
tubing. The section of whip above this coi l determines its 
resonance, and often talccs the form of a 4 ft. to 5 ft. section 
oft in. diameter tubing. Coils arc available in intcrclu1nge
able form for the various amateur bands. 

Since in a mobile system of this kind maximum current is 
carried in the section below the loading-coil, there will be a 
very large increase in radiation if this section is greatly 
lengthened. Making this change however has only a slight 
effect upon tbe resonant frequency, which tends to rise as the 
capacitance of the top section to earth is reduced, but is 
simultaneously lowered by lhe added inducrnncc of the 
lengthened lower section. Excellent loaded verticals can 
therefore be constructed by mounting a standard coil and 
top whip section for the band required upon a mast of 1 in. 
diameter tubing, which may itself be of resonant len!?:th 
for a higher amateur band. The mast must be insulated-at 
its base, either by the aid of a mounting insulator, or a short 
section of wood or bakelite rod or tube, and will be fed as 
already described. There is no objection to a small trimmiog
ioductancc at the base, since the frequency in the loaded
mode is likely to be a little high ; should it be otherwise, the 
top section may be shortened with caution, as this length is 
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very critical. An aerial of this kind will require to be guyed 
at a point just below the loading-coil, and at other points 
according to the actual construction and overall height 
chosen. 

The aerial described is effectively top-loaded for the 
lowest frequency band, and will give low-angle radiation 
with good efficiency. Bearing in mind tbat a vertical radiator 
need 1101 necessarily be quarter wave, but that half wave 
aerials equivalent to dipoles can be used with equal effective
ness. it is possible to excite such a system on several bands by 
altering the feeder termination. Where space is limited, the 
fcedrr line reasonably short, and the base of the aerial 
accessible for adjustment, a vertical compromise system on 
these lines can be very useful for all-round DX operarins. 

As a practical exan1ple, the vertical aerial may consist of 
from 32 ft. to 40 ft. of 1 in. diameter tubing, terminating at 
the base in a coil similar to that described in Fig. 13.72(h) 
with provision for tapping the feeder up or down the induc
tance, but wi thout the series capacitor shown in that illus
tration. At the top this 1 in. tubing carries a loading-coil 
of lbc type used in J ·9 Mc/s mobile installations, and carrying 
above it the usual whip section which will resonate towards 
the h.f. end of the I ·8 to 2·0 Nfc/s band. To operate on this 
band, the feeder is taken very nearly to the top of the base 
loading-coil, the remaining few turns of which resonate the 
system to the required part of the band, whilst the larger 
portion of the coil forms a high-inductance shunt across the 
feeder termination. 

For operation as a vertical half wave on the 3·5 Mc/s band, 
the feed-po10t is moved down tbe coil until the electrical 
length of the whole aerial becomes three-quarter wavelength 
at the working frequency, when the system will be voltage
fed at the bottom of the vertical section. The inductance of 
the b<ise loading-coil must be sufficient to ass~re this condi
tion. Where th is is not so it will be of assistance to add a 
100 pF variable lank capacitor across the whole of this coil, 
and to tune it lo resonance as indicated by maximum bright
ness from a neon lamp placed adjacent to the top of the load
ing coil. Maximum current will then occur at tho top of the 
wrtical section immediately below the top-loading coil, and 
in a favourable position for effective radiation. 

Operation on the 7 Mc/s band makes use of the vertical 
section only as an extended ground plane, the top loading 
coiJ serving as a choke. The feedpoint will be very high on 
the base-loading coil, much as for I ·9 Mc/s operation. The 
system can be made to resonate in the 14 Mc/s band as a 
vertical half-wave by bringing down the feed-point as before 
uotil the electrical length to this point is three-quarter wave
length, tbc portion of the base loading-coil above the feed
point resonating at 14 Mc/s with its own self-capacitance. 
Somewhat more advanced designs based on this conception 
have been described in which the optimum feed point is 
selected by switching. Jt is recommended that the feeder line 
be taken under-ground in order to minimize stray radiation 
which may disrupt the low-angle pattern. Jn sening up such a 
system it is very advantageous to make use of an s.w.r. meter 
so that the best matching can be quickly found, but providing 
the feeder is short and preferably near to an electrical half 
wavelength in the 1 ·9 or 3·5 Mc/s bands, and that the trans
mitter loads up well , results are unlikely to prove unsatisfac
tory. 



MULTIBAND AERIALS 

In the average location, an amateur will not have space for 
many aerials, and thus the problem of making one array work 
usefully on more than ono amateur band is an important 
one. Throughout this chapter, care has been taken to indi
cate tbe multiband possibilities and limitations of the various 
types of aerial. This section puts the question the other way 
round and answers it with a few aerials designed specially to 
work on more than one band. The simpler aerials, such as 
dipoles, or long wires fed in various ways, will do this but 
there are always disadvantages-the radiation pattern 
changes, and usually there are high v.s.w.r. problems on 
the feeder. 

Multiband Dipoles and Ground-planes 

The first approach to a multiband dipcle is shown in Fig. 
13.116(a). Dipoles are cut for the various bands and sup
ported about one foot apart in the same plane, and then 
joined to a single 80 olu11 twin line. The theory is that the 
aerial which is in tune at half-wave resonance takes all the 
power, but this simple theory ignores the coupling between 
the dipoles, and so the match to the line may not always be 
very good, and the multi -lobe patterns of the longer wires 
tend to appear when the shorter ones arc active. 

The second approach is to connect reactances into the 
aerial with one of two objects-(a) to cut off the aerial pro
gressively for each frequency band, so that it is a dipcle for 
each band, or (b) to use the reactance as a pbase changer, so 
that at the higher frequencies the extensions behave like a 
collinear array. Method (a) will be described but method 
(b) is difficult to apply. Fig. 13.116(b) shows one way to do 
this, using resonant LC units (traps). Starting from the 
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Fic.13.116. M ultiband arraneements. (a) Parallel dipoles. (b) Multi· 
band dipol e. (c) Ground plane equivalent of (b). (d and e) Two 
"frequency swit.;h •• filters for feeding two aerials over one trans .. 

mission line. 
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feeder, the radiator is cut to leogtl1 for the highest frequency, 
say / 3 . Parallel circuits, resonant at/1 are then inserted, one 
for a ground-plane aerial, two for a dipole, and the aerial is 
then extended till it resonates atft, the next lower frequency. 
The procedure is repeated for a third frequency if required. 
Finally the lengths of the sections are re-trimmed for each 
band in the same order. The ideal value of ...; L/C ratio for 
the traps would be equal to the characteristic impedance, Zn, 
of the half-aerial, which makes 2rrfL = Zn, but this would 
cause too much shortening of the next lower frequency 
section of aerial, and suitable values for reactance of L and C 
are tz... At half their resonant frequency the traps provide 
together an inductive reactance of Za/3 which is equivalent 
to about one-sixth of the length of the lower frequency 
quarter-wave. Thus for a dipole working on 14 and 7 Mc/s, 
with a Za of 500 ohms, the first section would be 16 ft. long, 
lhe coil would be approximately 2µH and the capacitance 
50 pF. The residue for 14 Mc/s would then be about JO ft. 
Values of Za are taken for the full length of the aerial from 
Table 13.12 and reactances can be translated into coils and 
capacitors. 

A suitable coil for the above example would comprise 
eight turns of 16 s.w.g. wire 2 in. diameter and 2 in. long 
supported by polystyrene strips cemented in position. The 
coil should be mounted over a long insulator and the 
capacitor, which should be of the stacked mica type and 
rated at not less than 500 volts, mounted along the insulator. 
Tho whole assembly should be tuned to resonance by adjust
ing the coil, using a grid dip oscillator and then sealed into a 
polythene bag. The aerial described above, will also work 
quite well on 21 Mc/s. 

The theory of operation described is approximate, and 

A suitable trap design for multiband rod aerials. 
(By cour<esy of Motley Electronics Ltd. 

TABLE 13.12 
Characteristic and Anti-resonant Dipole Impedances 

Ratio Char. End Ce nt r e I Centre Typical Aerial 
L/D Imp. Z a Ro ().2) Re (A) Re (V.) 

--- --- ---
15,000 500 4,200 S,000 3,500 66 ft. ol 14 s.w.g. 
10,000 490 3,800 4,600 3,200 33 ft. of H s.w.1. 

S,000 450 3,400 4,000 2,700 16 It. 6 in. of 14 
s.w .. g. 

2.500 100 2,700 3,200 2,200 -
1,000 350 2,000 2,400 1,600 66 ft . H in. dia. • 

500 300 1,500 1,800 1,250 33 ft . 1f in. dia. • 
200 250 1,000 1,300 800 -
100 210 750 900 550 121 in. by tin . dlo. 

Thi1 u ble give;s the qua.rter-·wavc characteristic impedance. Z4 , the end
impodancc Re of hal!·wavc dipol .. and the centre impedance Ra of lull wave 
and 2A aerial" in terms of conductor lcngth/diame•cr (L/D) ratio. Ro i$ 
buad on a rad iation rasistance of 60 ohms, and the full wave Re on 100 ohm 
per half .. wave. Values may vary by20 per cent in practice due to environm ent. 

• Cage radiator. 

does not allow for the coupling which exists between aerial 
sections. It is therefore advisable to adjust the aerial during 
construction. 
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When the process is applied to a ground-plane aerial, the 
physical construction is simpler, because the aerial can be 
made on a self-supporting tube. The tube can be broken and 
supported by rod insulators over which the coil is wound; 
the trap circuits can then be well p rotected by tape, or even 
encased in F ibreglass. A " whip " can be used for the top 
section. The gro11nd-plane radials may not work well on all 
three bands, and some longer wires should be provided, if 
possible, for the lower frequencies. 

When it is required to use two aerials on different bands 
with a common feeder, this can be done by inserting a low 
pass fi lter immediately after the high frequency aerial (Fig. 
13.116(d)). The fi lter has a cut-off midway between the two 
frequencies: at this cut-off frequency the rcactancc of the 
capacitor is equal to the impedance (Z0) of the line, whilst 
each inductor has half this reaetance. An alternative form of 
filter (Fig. 13.116(e)) uses stubs connected a distance ;j-,\ from 
the first (f.) aerial. One stub is a p, (i.e. 2X,\ ,/4) and is open
circuit ; this thereforepresentsashort-circuit on to the line at ft 
and thus the second stub bas no effect on the first. The short 
circuit becomes a high impedance at the second aerial (JJ, by 
transformation. The second (shorted) stub tunes out the first 
at/1 when the total length of the two stubs is >.1/4. The length 
of line from the second stub to the first aerial is not im
portant. 

The GSRV 102 ft. Dipole 

The 102 ft. dipole has been found an excellent compromise 
suitable for all b.f. bands and can be fed either of the ways 
illustrated in Fig. 13.117. Io the upper diagram, tuned feeders 
(300 to 600 ohm) are used all the way: in the lower version 
the high impedance feeder is 34 ft. long and is connected into 
a 72 ohm twin or coax line. At this junction, tho aerial 
impedance due to standing waves is low on most bands, as 
can be checked with the a id of F ig. 13.54 for a length of 34 + 
51 = 85 ft. 

The aerial should be supported at the optimum height 
for the band which is considered most importa nt for DX 
working; that is, a half or full wavelength above ground. It 
is perhaps better to arrange tl1is for 14 Mc/s at which fre
quency the aerial. is designed to present a fairly close im
pedance match to 72 ohm coax or twin-load via tho 34 ft. 
stub which, in this case, acts as a one-lo-one impedance 
transformer. 

On 1 ·8 Mc/s the two feeder wires at tho transmitter end are 
connected together or the inuer and outer of the coax joined 
and the top plus " feeder" used as a Marconi aerial with a 
series-tuned coupling circuit and a good earth con
nection. 

On the 3·5 Mc/s band, the electrical centre of the aerial 
commences about 15 ft. down the open line (in other 
words, the middle 30 ft. of the dipole is folded up). The 
aerial functions as two half-waves in phase on 7 Mc/s with 
a portion " folded " at the centre. Although the 72 ohm 
feeder " sees" a somewhat reactive termination it loads 
satisfactorily and radiates effectively. 

At 14 Mc/s the aerial functions as a three half-wavelength 
aerial with an effective all-round low-angle polar diagram. 
Since the impedance at the centre is about JOO ohms, a 
satisfactory match to the 72 ohm feeder is obtained via the 
34 ft. of half-wave stub. Dy making the height a half-wave or 
a full-wave above ground at 14 Mc/s and then raising and 
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lowering the aerial slightly while observing the standing 
wave ratio on the 72 ohm twin-lead or coax feeder by means 
of an s.w.r. bridge, an excellent impedance match may be 
obtained on this band. 

On 21 Mc/s, the aerial works as a slightly extended two
wavelength system or two full waves in phase and is capable 
of very good results especially if tuned feeders aro used to 
reduce loss. On 28 Mc/ s it consists of two one-and-a-balf 
wavelengtb in-line aerials fed in phase. Here again, results 
are better with a tuned feeder to minimize losses although it 
works satisfactorily with the 34 ft. stub and 72 ohm 
feeder. 

When using tuned feeders, it is recommended that the 
feeder taps should be adjusted experimentally to obtain 

i--- --51 t1--- ... -i1 i-- --51 fl .. , 

~ ' f ------b-

SUITABLE FEEDER TAPS 
SELECTED FOR OPTIMUM 
LOADING ON EACH BAND 

~ 
L2 

(a ) 

CONVENIENT LENGTH 
OF OPEN WIRE FEEDER 
(PREFERABLY AN EVEN 
OR ODD MULTIPLE O F 
QUARTER WAVELENGTH 
AT 14 Meis) 

1-c:---Slft r--- - - 51 t t I 
~--~~~::::::>'~~~--~ 

(b) 

ANY LENGl'H OF 750 
TWIN LEAD (UP TO 
MAXIMUM OF APPROX 

MATCHING STUB 
34'- o • OPEN WIRE FEEDER 
OR 29'- 6" OF 3000 
RIBBON 

100 FT) OR 800 COAX TO TRANSMITTER VIA 
'-.._ AERIAL TUNING UNIT 

(c) 

C l 
200pFt 
200pF 

.......__L..=:============= 

750/6000 
OPEN WI RE 
FEEDER 

Fie. 13.117. Two version.sofa simple but effec:t.ive mul tiband~aerial (or 
1·8-30 Mc/s. Lt is the couplinc coil a nd Cl Ll form a resonant circuit 

at the operatina: fre auenc:y. 



optimum loading on each band using separate plug-in or 
switched coils. Connection from the a.t.u. to the transmitter 
should be rnado with 72 ohm coaxial cable in which a suit
able TVT suppression (low pass) filter may be inserted. 

Multiband Parasitic Arrays: Frequency Switches 

The principle of a stub or network used as a frequency 
switch, as in Fig. 13.116, can be applied to parasitic arrays to 
enable them to work on more than one band. The range of 
frequency is limited to 2 : 1 because, in terms of wavelength, 
the spacing will change, and at only one frequency can the 
optimum spacing be employed. For example a spacing of 
0·2.\ at 28 Mc/s, which is rather higher than optimum, 
becomes 0·1.\ at 14 Mc/s, a spacing which gives good per
formance but critical tuning. 

14---------16ft - ----- ---l--

I c===:;e~~5t'°'° '~'c2=1 =M=cl=•=:il 

(a) I I A/ 0 11 4 le STUB 28 Meis 

14 

(b) 

- LOAD FOR 14 Mc/s 

'l<.,TRIM FOR 28 Mc/• 

II . 
11 "14 °1c STUB 21 Mc/s 

·1 
I 

Fi&• 13.118. Multiband par:uitic elemento. (a) is a director which 
operates on 21 and 28 Mc/s. (b) is a reflector which operates near 
half-wave resonance on 14 and 21 Mc/s and as a pair of reflectors on 
1.8 Mc/s. (c) Cut-out showing how the twin support boom or the 
array can be uted with shorting bars to provide tho low frequency 
loading inductance, and how the stub, in this case concentric, can 

be stowed inside one leg of the boom. 

Fig.13.118 shows multiband elements. The radiator is made 
to a length suitable for one frequency, cut in the centre, and 
then closed by means of an open-circuit quarter wave stub. 
The gap is then loaded with inductance or capacitance 
which, together with the stub, loads the element to tune at a 
second frequency. At the first frequency the stub has zero 
impedance, and the loading reactance is therefore shorted 
out. 
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The director in Fig. 13.119(a) is made for 29 Mc/s with a 
quarter-wave stub at this frequency. The loading coil, 
which may be a few turns of wire about l in. diameter, is 
adjusted to give a second resonance at approximately 22 
Mc/s. T he tuning can be checked with a grid dip oscillator 
coupled to the coil or stub, but final adjustments should be 
made with the complete array in position. Allowing for 
velocity factor, the stub will be about 6 ft. 6 in. of 300 ohm 
twin, or 5 ft. 6 in. of 80 ohm twin feeder or concentric cable. 
The three-band reflector in Fig. l 3.l 19(b) is adjusted to 
resonate, with its stub, at approximately 20 Mc/s, and loaded 
with a coil to work on 14 Mc/s. A t 28 Mc/s the stub is longer 
than a quarter wave, and acts as an inductance, which is in 
parallel with the coil. The addition of a small capacity (a few 
picofarads) will produce parallel resonance with the two 
inductances, and can be adjusted to separate the two halves 
of the radiator into two separate reflectors for 28 Mc/s; it is 
necessary to retrim the coil for 14 Mc/s as this adjustment is 
made. 

Fig. 13.119(c) shows how the loading inductance can be 
formed by connecting a shorting bar across a double boom 
which supports the array. The stub (concentric) is stowed 
inside one leg of tho boom, with its inner and outer conduc
tors connected across tho gap in tbe reflector. 

The Minibeam 

A variety of arrays for use on more than one band, both in 
the h.f. and v.h.f. ranges have been developed by G. A. Bird 
(G4ZU), a pioneer in this field. The " Minibeam" model 
outlined in Fig. 13.119 used the parasitic elements shown in 
Fig. J 3.118, and operates on 14, 21, and 28 Mc/s. The radiator is 
resonated a little below 21 Mc/s: on l 4 Mc/sit acts as a short 
radiator, and on 28 Mc/s as a " short " full wave element. 
The aerial is a five-element array on 28 Mc/s, with high gain: 
on 21 Mc/s it is a three-clement array and the gain is claimed 
to be little more than for a normal Yagi, because of the 
extended radiator, whilst on 14 Mc/sit is a two element array 
with 3 to 4db gain, the director being ineffective. 

The impedance of this array is very different from that of a 
normal three-element array, because of the untuned radiator, 
and the increased number of elements, and 300 ohm twin is 
recommended for feeding it. Adjustment follows the general 
lines indicated for two- and three-element arrays, but is of 
cqursc more complex, as it involves three frequencies, and 
is mainly made to tbe loading devices, not the radiator. For 

Fig. 13.119. The G4ZU 0 Minibcam ,, array. The radiator ac ts asa 
short dipole on 14 Mc/s, a s a half-wave dipole on 21 Mc/sand as a full
wave dipole on 28 Mc/s. The aerial is equiv:a.lont to a five .. eleme.nt 
array on 28 Mc/s, a. three-element array on 21 Mc:/s. and a close
spaced two-element array on 14 Me/s. The t uning of the par:ultic 

e leme nts is described in the text.. 
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1 in. diameter elements, t he free di.rector resonance is about 
5 per cent higher than the working frequency, the reflector 
about 5 per cent lower. Tuning should be carried out with 
the array as high as is practicable, since the elements may 
tune I per cent higher in frequency when erected than when 
near the ground. It is not too difficult to obtain good gain 
and front-to-back ratio on 21 and 28 Mc/s, but adjustment 
for 14 Mc/s j,, critical because it is a close-spaced beam on 
this band. 

LIGHTNING PROTECTION 

In order to achieve the most efficient radiation from an 
aerial, it should in general be erected in the clear and as high 
as possible. In such conditions it then becomes a potential 
hazard since it represents a very good lightning conductor. 
A strike on an unguarded aerial can have disastrous results in 
the radio room, causing damage which may be serious and even 
fatal. It is therefore prudent to give some thought to the 
question of lightning protection when erecting an aerial 
system. 

Adequate protection can be obtained in two basic ways, 
which can loosely be described as executive and automatic. 
Tbe first requires a positive action to achieve the necessary 
protection, and usually renders tbe station non-operational. 
The second is designed to give full protection at all times 
without materially affecting normal operation. It is ulti
mately prudent to cease operation during violent storms, but 
the flexibility of the automatic type of protection is generally 
highly desirable. It also gives a degree of suppression of 
noise arising from the general static discharges on the aerial 
common during the Summer, or from charged precipitation 
(rain static). 

All lightning protection is based upon a low resistance d.c. 
path from the exposed conductor down to a true earth. This 
can be achieved in a number of ways. It is however of 
paramount importance to note that a good low resistance 
earth return is required, of the quality described in the earlier 
section on Earth Systems. Under 110 circumstances should the 

(a) 

l~{:j COAX LEAD 
!:§ /FROM AERIAL 

COAX SOCKET ANO CABLE 
LE ADING TO A GOOD 
OUTSIDE EARTH 

Fi1. 13.120. Li,htning protection using a switch for open wire line or 
an earthed socket for coaxial c:ablcs. 
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public electricity supply mains earth or a water-pipe system 
be used for lightning protection. 

Executive Protection 
This is achieved by the physical making of an earth con

nection to an otherwise live feeder or aerial, by means of 
suitable switches. lts very nature is such as to short out the 
correct operation of the aerial and feeder system, so that the 
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EARTH SPIKE 

Fig. 13.121. Lightnine protection usine stati c Ink chokes. 

operator must use his own discretion when deciding at what 
stage to protect the equipment. The most convenient way is 
to earth the downcoming feed line at the lowest point outside 
the building. This can be achieved with ao open knife 
switch on balanced lioc, or by a special earthed socket for 
coaxial lines. The latter arc equally a potential hawrd even 
when the outer is firm ly bonded to earth, unless the aerial 
design is such as to present a good low resistance d.c. con
nection across the upper end of the coaxial line. These two 
arrangements are shown in Fig. 13.120. 

Automatic Protection 
This can be obtained by connecting the d.c. earth to the 

feeder (or aerial) in such a way that it represents an opcn
circuit connection at r.f. The devices employed arc often 
called static leaks. For the lower frequencies, two large 
chokes constructed from heavy gauge wire (16 s.w.g. or 
larger) can be connected io parallel across balanced lines, and 
•.heir common connection earthed. For unbalanced systems, 
such as Marconi and coaxially fed aerials, a single choke 
from the live conductor to earth will suffice. The reactance 
of such chokes cannot be made infinite, and they will have 
some effect upon the line performance. This can usually 
be tuned out in the aerial coupler, and to that extent their 
operation can be considered independent of frequency. They 
should however always be designed to have a reactancc equal 
to at least 4 to 5 times the line impedance at the lowest 
operating frequency, and preferably as high as a factor of 10, 
e.g. XL ""' 6000 ohms, for open wire Line, or I 000 ohms for 
low impedance coaxial cable. Typical layouts arc shown in 



Fig. 13.121. Where the inductive reactance is embarrassingly 
low, attempts can be made to parallel resonate it with a 
suitable capacitor to improve the isolation at radio frequen
cies. A more elegant arrangement for single frequency 
working can be constructed using the principle of the " metal 
insulator" described on page 13.16. A short-circuited quarter 
wave stub can be connected across a line, and have virtually 
no effect since its input impedance is very high: in fact it 
looks like a parallel resonant circuit of extremely high Q. 
A suggested layout is illustrated in F ig. 13.122, for both 
balanced and coaxial lines. This technique is of course 
limited to the higher frequency bands where the physical 
length of the stu b is not unwieldy: it is particularly suited 
to the protection of balanced open line arrays at v.h.f. It 
should be repeated here that although automatic static leaks 
are useful for conditions of high static charge level and during 
minor storms, it is still strongly recommended that the more 
positive isolation of the executive type be employed at all 
times wben a severe storm is in progress and a substantial 
strike is possible. The ultimate isolation can of course be 
obtained by disconnecting all feeders completely outside the 
building a nd leaving the free ends well clear in the garden. 

Protection of Ma sts and Tower s 

In addition to protecting the equipment in the station from 
lightning damage via the feed lines, some attention should 
also be paid to masts and towers, which, if struck violently, 
could cause damage by collapse. All metal poles and towers 
should be positively earthed at their base to a proper ear th 
connection (Fig. 13.123). The indifferent earth achieved by the 
concrete or rammed ea rth around the bottom of the structure 
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Fie. 1 J.122. Qua. rter~wav~ lightnin& protection. T he b~fanced line is 
a pproximately a q varter .. wave in free 1pac1e: t he coaxia l line is 
.V4 V where V i• •he velocicy fa.c;tor or the cable e m ployed t o make 

t he: stub. 

is not sufficient. For wooden structures a heavy wire should 
be run up the side from a good earth, to terminate in a short 
vertical metal spike at the top, projecting 1 to 2 ft. above the 
actual structure. 
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Fig. 13.113. Ea.rthinc: o f towe rs and poles is im portant as a 1:r.feguard 
aa:ainst l ightni ng. Aluminium tapo tho\.lld be used if the towe r Jeg is 
galvanized steel and the bolted joint pain ted o vor to avoid 

electro lytic corrosion . 

CON STRUCTING A ERIALS 

All the aerials described in this Chapter can be constructed 
at home without mucl: difficulcy provided that suitable 
materials are selected. They fall approximately into two 
groups, those which are formed from wires under tension 
between anchoring points (e.g. dipoles, Zepp, Windom, etc), 
and those which employ rigid or semi-rigid conductors 
either self-supporting o r mounted on light rigid frames 
(Yagis, quads, verticals, etc). All rotatable beam aerials come 
in this group. 

Wire Aerials 
The carclioal points of design of a fixed wire typo aerial are: 
(a) Choice of conductor type and gauge, 
(b) insulators, and 
(c) end anchorages for tensioning. 

Tho size of conductor to be employed depends upon 
the working tensions involved. The longer the span and the 
heavier tbe insulators, the greater will be the tension for a 
given amount of sag. Single copper conductors should be 
avoided particularly in the larger ' vire gauges (> 20 s.w.g.) 
as they arc difficult to handle in long lengths, tend to be 
naturally springy, and are prone to kinking aod breakage 
if nicked accidentally. Ideally wire aerials for the h.f. bands 
should be made up from 7/0·029 in. stranded hard drawn 
copper wire, although finer stranded sizes, fine braided wires 
or even single 30 s.w.g. enamelled conductor can be used if 
lightweight insulators and light tensions are employed. The 
latter are of course much less conspicuous in areas where 
aesthetic requirements call for a near-invisible aerial. 

Insulators can be obtained as proprietary items in glazed 
china or glass, or can be manufactured at home from poly
thene or Tufnol sheet or rod. In the case of the latter, an 
all-weather qual.i ty is esseo1:at which should be varnished, 
particularly over cut edges, to p reclude de-lamination. Tt 
is also possible to cast individual tension and centre feed 
point insulators in Araldite resin, which has an acceptable 
power factor and low dielectric loss up to 30 Mc/s. 

13.75 



RSGB-RADIO COMMUNICATION HANDBOOK 

The correct method of attachment of halyards and con
ductor wires to various forms of tension and insulators is 
shown in Fig. 13.124(a). To form the P.O. splice in the 
stranded conductor, one strand of the free end of wire is 
untwisted back to the insulator, and then wrapped tightly 
around both wires to bind them together. A second strand 
is then untwisted back to the end of the first wrapping, and 
wrapped to continue the binding action. Tbe process is 
repeated until all the strands of the free end havo been used. 
This neat splice may also be used on galvanized stay wires 
for masts, and is very strong. It is aesthetically better and 
inherently safer as a permanent splice, than the familiar 
Bulldog wire rope grips sometimes employed. 

The preferred method of securing the feed-point insulator 
for coaxial and for open-wire line is shown in F ig. l3.124(b). 
It is important to ensure that the weight of the lino is sup
ported firmly by the insulator and not by the connections 
made off to the aerial conductor. The latter should be 
wrapped to form a sound mechanical joint before soldering. 

Aerial halyards can read.ily be made up from the plastic 
covered clo thes line available in hardware shops, or from the 
finer cords used in yacht rigging. They should always be 
reeved as an endless loop to avoid a climb to tbe top of the 
pole if an aerial or halyard connection fails Fig. 13.12S(a). 

Wooden or metal poles, towers, or the walls or eaves of 
buildings are a ll suitable tension anchorages. In the latter 
case a long free end to the halyard is preferable to keep the 
aerial away from any immediate guttering. The branches 
or trunks of trees are not recommended as halyard anchors 
as they move excessively in the wind and cause large varia
tions of sag in aerial wires, and possibly failure under extreme 
tension. If they must be used, thon some form of counter
balance on the lower end of the halyard is essential Fig. 
13.126(b). The weight should be free to move up and down, 
and is equal to the tension in the aerial wire. 

Beam Aerials 

Various forms of beam aerials can be constructed either 
from wires tensioned on a framework or from self-supporting 
tubes. Wires may generally be of finer gauges than for ordi
nary wire aerials since the spans and tensions arc generally 
less. A suitable size of wire for a quad would be 20 s.w.g. 
enamelled. Insulators can also be sma!Jer and more com
pacL The framework can be made up from suitable timber 
which can be screwed together, or from bamboo poles 
clamped to end fixing plates. When timber is used, particu
larly for rotary Yagi type aerials, a hardwood is to be pre
ferred. Softwoods should always be primed and painted for 
normal outdoor protection, or given a thorough creosote or 
polyurethane treatment. 

The most elegant form of Yagi aerial construction is the 
"plumbers delight," so called because all the elements and 
the supporting boom are made from tube sections. Since all 
elements in a Yagi are at zero r.f. potential at their centres, 
they may be joined to and supported by a metallic boom. 
This form of construction is used exclusively in commercially 
available aerials, and the prices of these are sufficiently low 
to make it uneconomic for the amateur to try to bui ld his 
own beam to the same necessary engineering standards. 
Particular problems for the home constructor are the cross
tube clamps, and the centre insulator for the driven element, 
both of which can be commercially mass produced far more 
cheaply. 
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Fir. 13.12'4. (>.) The PO splice for securine 1tranded wire around" 
thimble o r insulator. (b) (c) Methods of s upportinr feeders from 
dipole centre insulato rs~ The exposed e nd of the coucial cable in 
(b) must bo tap~d to e.xclude moisture .. T ho .. tee .. insulator is 

described in the text. 

Vertical Aerials 

Vertical aerials may be either in the form of a wire ten
sioned between top and bouom insulators along a pole, or 
more usually self supporting. Tn this case the great problem 
for the home constructor lies in the provision of a suitable 
base insulator which caa also take the weight of the aerial 
aad hold it vertical. Insulated stay wires arc a solution to the 
second aspect, but are to be avoided if possible because of 
their inevitable interference with the radiation pattern of the 
aerial, even if well broken up with insulators. Again, the 
commercially available trap verticals for multibaod operation 
are so cheap as to render it uneconomical for the amateur 
to construct his own. For those who wish to erect a single 
band ver tical, a useful base insulator can be made from a soft 
drink or wine bottle, clamped around tbc lower part of the 
outside, and with the bottom end of the vertical tubing either 
inside or over the neck of the bottle. A hock bottle is prob
ably the most suitable shape for this purpose. In all such 
cases it is essential to provcn1 the bottle filling up with 
rainwater. 



Poles 

Although traditionally aerials have been supported by 
stayed or self-supporting wooden poles, usually creosoted 
for weather protection, there is an increasing tendency to use 
steel or aluminium tubing with suitable coupling and stay 
attachment fittings. A most convenient mast kit can be 
built using nominal 2 in. diameter aluminium scaffold poles 
as the basis, and selecting fittings from a range manufactured 
by Gascoignes Ltd., Reading, Berks, under the trade name 
"Kee Klamps." A typical arrangement for a rotating 
lightweight tubular mast suitable for carrying light h.f. or 
v.h.f. beams is shown in Fig. 13.126. A simpler form using 
tho same principle can be employed for fixed poles. 

An alternative source of tubes and clamp fittings can be 
obtained from firms specialising in TV aerial installations 
particularly in fringe areas of reception. 

Planning Consent 

In the UK all aerial supports erected at a height exceeding 
10 ft. a.g.l. are subject to the provisions of the Town and 
Country Planning Acts. Before embarking upon any major 
aerial erection, it is advisable to consult with the Surveyor 
to the local Council and if necessary make formal applica
tion for Planning Consent. Failure to comply with the Town 
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(a) 

Fig.:13.125. H a lyard connections to poles and trees. The weight W 
is equal to the tension T re quired in the aerial wire. In both cases 

an endless loop is employed. 

and Country Planning Acts could possibly lead to an injunc
tion to dismantle the entire erection a t a later date. 

In other countries various zoning laws also apply in built· 
up areas, and a similar procedure is recommended. Wben 
purchasing or renting property, it is important to ascertain 
whether there are any covenants in the title deeds prohibiting 
the erection of outdoor aerials. This is particularly important 
in municipally owned estates and in areas where piped 
television is in use. 

AERIAL MEASUREMENTS 

Measurement of the various aspects of aerial performance 
is a specialized art. It differs from the normal techniques of 
laboratory work io as much as the aerial under test can be 
greatly influenced by its surroundings and un.less these are 
selected with sufficient care, the measured results will be 
meaningless in terms of rbe real performance of the aerial 
when erected to its normal operating position. IL is not even 

iI.F. A.ERI.Ats 

Fir. 13.126. A light rotatin g ma.t us ing Kee-Klamp scaffold fittin11. 
Tho cla mping screws at F shou ld be left slack and c•ease forced Into 
the fitting at those positions. For extra security the stub pole c:in 
be drilled !in clurance at points D and a !in BSW bolt substituted 
for the Allen screw, to penetrate the wall of the tube and form a 
Jock ai ain5t poniblc pull out. A timpler form of con.struc-tion can 

be u•ed for fixed poles. 

sufficient to make measurements on a known test aerial in the 
same position, and to use these as a standard since the extent 
to which the surroundings influence any aerial depends upon 
the aerial itself. 

The measurement of aerial performance usually involves 
three particular properties of the aerial: 

(a) Impedance, 
(b) Polar diagram (in both planes), and 
{c) Gain relative to a reference standard. 

These are listed in increasing order of difficulty of measure
ment. 

Impedance 

I t is rarely necessary for the amateur to know the precise 
input impedance of an aerial in absolute terms. The object 
of most, if not aU adjustment of impedance is to match the 
aerial to a transmission Iiue to give a minimum s.w.r. on that 
line. Whereas impedance bridges of any accuracy are diffi
cult to construct, it is readily possible to build an instrument 
which will indicate the s.w.r. on a line fairly accurately in 
terms of separate indications of the forward and reflected 
waves. Such an instrument is known as a reflectometer, and 
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when used io a test set-up as shown in Fig. 13.127, can be 
used to indicate correc(adjustmcnt.of the aerial for minimum 
reflected power in the line. When carrying out such adjust
ments it is important to maintain a constant forward power 
from the test oscillator, and this too can be checked from 
time to time using the appropriate position on the reflecto
meter. 

Adjustment of aerial impedance should ideally be carried 
out with the aerial in its operating position, since this is 
affected by height above ground. Such adjustment is there
fore a compromise between height and accessibility for modi
fications to the aerial. 

Wheo a highly directional beam aerial is to be adjusted a 
useful arrangement is to lay tbe beam on its" back," facing 
upwards. Tbo low amount of back radiation will reflect 
from tbe earth to give only a small effect upon the aerial 
impedance, and the height above ground need only be 3-4 ft. 
This technique is particularly applicable at v.h.f. and u.b.f. 

It is permissible, and usual, to leave the reflcctometer con
nected in the transmission line during normal operation 
(with a reduction of sensitivity appropriate to the transmitter 
power employed). It is then possible to maintain a continu
ous check on the s.w.r. and detect aerial faults as they arise. 

When aerials using tuned feeders are employed, the adjust
ment of impedance is transferred to the aerial coupler (sec 
page 13.35). Again a refiectometer may be used in a short 
piece of lino of correct impedance for the trnosmiucr output 
load, and the aerial coupler adjusted to give minimum s.w.r. 
on this piece of line. This is shown in Fig. 13.44. 

The theory of coupled line reOectometers is covered in 
Chapter 19 -Meas11re111ems, and a design is shown which is 
ideally suited to v.h.f. However, the sensitivity of this type 

Fia. 13.127. Measurement of aerial in1pcd3ncc uslng a rcOoctometer. 
The output of the transmitter i1 sot to m:iint:a.in a conat:tnt indicated 
forward power. The aerial is then adjusted for minimum renected 
power- to match iu impedan<o to the coble empfoyod. Tho forward 
power •hould be checked reeularly ror any chanees in transmitter 

lo;adinr. 

of rellectometer is rapidly reduced as tbe frequency is lowered 
and tbe coupling lines become very short fractions of a wave
len~. To increase the sensitivity by lengthening the 
instrument would not be practicable, the 144 Mc/s model 
requiring to be ten times as long for 14 Mc/s. An alternative 
type of coupling arrangement is to be preferred for the b.f. 
bands, where the L and C of the "coupling bridge" are 
obtained by lumped components. 

A type ofref!ectorneter, developed by G3FRV, which has a 
sensibly constant sensitivity with frequency is shown in 
Fig. 13.129. Commercial instruments of this type bave 
accuracies of ± 5 per cent when used as power measuring 
devices. 

The inner conductor of the coaxial line is passed through 
the centre of toroidal current transformer Tl, and the screen 
or outer conductor bypasses the lransformer. Current 
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flowing in the im1er conductor, whicb acts as the primary of 
the ClllTent transformer, induces a current in the secondary 
winding of Tl resulting io out-of-phase voltage components 
El and £2 appearing across RI and R2. Two capacitive 
voltage dividers Cl/C2 and C3/C4 develop equal and in
phasc voltage samples E3 and £4 across C2 and C4. El and 
£2 arc proportional to the vector sum of the forward and 
roOccted currents, and E3/E4 arc voltage samples propor
tional to the vector sum of the fonvard and reflected voltages. 

When the line is correctly terminated, and reflected voltage 
and current non-existent, the component values are propor
tioned to cause the voltages £2 and E4 to cancel and El and 
E3 to add, giving a maximum fonvard power indication, and 
a zero reflected power indication. When the line is incorrect
ly terminated, it can be shown that indications proportional 
to fonvard and reflected power are given on the meter. The 
values of the series resistor R5 may be adjusted, using a 
calibrated test load, for a given full scale power, alternatively 
two switched sensitivities may be provided, say 10 and 100 
watts. For operation on s.s.b., CS and CS give a Jong dis
charge time constant, so that the meter tends to indicate peak 
envelope power on speech. 

Setting up the unit is very simple. Operate the reflecto
meter with a suitable transmitter and a calibrated load, and 
adjust CJ for minimum reflected power as indicated. Reverse 
the input/output connections to the reflectometer, and repeat 
this operation using C3. 

Using the circuit values given, an approximate f.s.d. 
sensitivity (in forward power position) of 100 watts will be 
obtained. With R5 at 15 K ohms, an input sensitivity of 10 
watts 'viii result. 

Po lar Diagram 

The horizontal polar diagram of an aerial can be measured 
to a reasonable degree of accuracy without having to raise 
the aerial to an excessive height above ground. A figure of 
0·2-0·3 wavelength may be considered adequate, with a 
minimum of 8 ft., to ensure adequate general clearance. At 
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Fis. tl.128. Te.1t site for measurement of aerial radiation patterns. 
The site tnust be free from obstruct.ions: a method of proving 
this is suggested in the text. The f"eflectometer is used in the forward 
position to moliitor the transmitter output which mu.st remai n 
conat.ar\t. · The S meter should first be calibrated u1ina a sianal 
ren•rttor into the receiver input t.o prove the law of the receiver. 
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the lower frequencies for which beam aerials arc practicable 
and for which the polar diagram becomes of interest, the 
minimum height wiU rise to 12 ft. More importan t is the 
distance from the test or il/11111i11ati11g aeria l, and the nature 
of the ground and side obstructions. The general test layout 
is shown in Fig. 13.US, The object of planning a test site 
is to ensure that the aerial under test (which is generally used 
for receiving) is evenly illuminated by a constant plane field 
from the other aerial. This can only be achieved by establish
ing a reasonable distance between them ideally not less than 
5- 10 wavelengths and by avoiding reflections of the radiated 
field from nearby obstructions. This can be overcome by 
using a directional aerial at a sufficient distance that the 
aerial under test is totally within the main beam(± l db), and 
that little radiation falls outside this beam to be reflected 
from obstructions along the side and rear, e.g. fences, houses, 
trees. A useful check on the validity of the test site can be 
obtained by rotating a halfwave dipole at the test aerial end, 
and comparing the measured pattern with the theoretical one 
(see page 13.44). For this purpose the dipole must be fed with 
a truly balanced feed to avoid pattern asymmetry. 

Gai n 

Tbis is the most difficult thing of all to measure, oven for 
professionals. The method open to the amateur is called the 
substi111tion method and is shown in Fig. 13.130. A standard 
field is laid down by a dista.nt aerial, and the level of the 
signal received on a reference aerial, usually a halJwave 
dipole, is compared with that received on the aerial under 
test, the voltage ratio expressed in db being the relative gain. 
Because the gain of an aerial depends upon its radiation 
pattern in both planes, it is essential that a uniform plane 
wave front is laid down at the aerial under test, as explained 
in the preceding section. Any spurious rcllected signals will 
be picked up in differing amounts on the test and reference 
aerials duo to the difference in their radiation patterns, and 
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Fig. 13.119. A wideband renocto-
metcr for 1- 30 Mc/s. 

C1 , 3, 3·10PF philip1 type; Cl, 4, 
270pf ± l per cent silvered mica: 
CS, 8, 80 µ F 6V d.c. ; C6, 7, 9, 0· 01 
IJ.F ceramic disc; M1, for powers 
up to lOW, 1001.1.A f.t.d., for powers 
above lOW a 1011 sensitive meter 
may bo 1uit~ble with appropriate 
adj ustment of RS; M R1, l,OA73or 
similar; R1, 1, 100 o hms ± S per 
cent carbon, * W carbon; RJ, 4, 
l ·lK ohm• ± S por cent,~W ca.rbon ; 
RS, 100K ohms {adjust value to 
obtain required sensitivity): RFC1, 
2, l ·SmH r.r. choke {Bulgin type 
SW68 or similar); T t, primary 
inn e r conductor of coaxial cable, 
s econdary 44 tu rns 26 s.w.r. e nam. 
cllod copper wire evenly wound 
around the core, core GEC toroid 
type G29S. It is important to 
keep the unscreened sectio n of the 
cable very short in order to avoid 
appreciable impedance discon .. 

tinuity. 

will give rise to erroneous answers. For this reason any 
measurements of gain attempted on any but a totally 
unobstructed si te will be almost meaningless. 

Carefully obtained measurements under correct co11di1io11s 
will give a fair approximation to the free-space gain, particu
larly at v.h. f. when lhc heights of the aerials abo,·e ground 
can readily be made greater than several wavelengths. 

However the vagaries of ionospheric propagation and the 
c!Tect of vertical polar diagram di!Terences upon the radiated 
field at the desired wave angles mean that the actual gain 
achieved in practice for any particular aerial at h.f. will de
pend very much upon its operating conditions, and caution 

CONSTANT ILLUMINATING FIELD 

REFERENCE AERIAL i TEST AERIAL 

Fie. 13.130. Me:uurc ment of aain by substitution. Tho reference 
aerial i.1 connected to the receiver, the 1ain o f whi ch is adjusted to 
give a suitable deOection on the meter with a small amount of 
attenuation. Tho tust aerial i1 then 1ub1tltutcd and the attenuator 
settin1 altered to aivo the same meter reading. Tha difference in 
tho attenuator ••ttinc b a mouurement of the re lative lf&in or 

t:he aerial•. 
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should be exercised when interpreting the meaning of gain 
figures both measured and claimed. 

C HOOSIN G A ERIALS 

This chapter has attempted to explain aerials and the 
principles underlying their design: a large nw11ber of aerials 
have been illustrated together with many accessory devices. 
The beginner may well be confused by the range of informa
tion, and therefore need advice on the best way to start. 

The beginner is no doubt ambitious to do the things other 
amateurs do, but must not expect to succeed immediately. It 
is advisable therefore not to start off with tbe latest exotic 
" wonder-worker"; it will be found very puzzling, oven if it 
can be made to work. Most pleasure will be obtained and 
more will be learnt by starting with a simple aerial which is 
bound to work. For instance, start with a simple one-band 
dipole or, if there is no space, a ground-plane on the roof, 
and then graduate to one of the simple multiband aerials 
(e.g. Figs. 13.83 or 13.116). If the dipole can be erected 40 ft. 
high it will be found that on 7 Me/s the radiation angle is 
rather high, but it will be possible to work up to 1,000 miles 
or more with it, and on higher frequencies it may be possible 
to span the oceans. 

Such aerials will be excellent during peak propagation 
conditions: to do better either more space or a compact 
beam is needed. The latter can be purchased, but much 
more will be learnt by building a two or thrco clement 
rotating array or a " Minibeam " at borne. 

Those fortunate enough to be able to choose a site, should 
pick one with plenty of clear space, preferably on high 
ground. With such a site, success comes more easily. Aerials 
designed for low angle projection, will increase tho hours per 
day during which stations in, say, U.S.A. or Australia can be 
worked. The long wire aerials arc easiest to erect, though 
there may be short periods when a simple aerial will be better. 
Ground-plane aerials give outstanding results when propaga
tion is normal but though it will always pay to instal them 
solely for receiving, they may more easily cause broadcast 
interference than horizontal aerials. Witb more than one 
aerial, or even for muJtiband work, preset aerial couplers 
will be found a great advantage. 

RECEIVIN G A ERIALS 

At the beginning of tbis chapter it was stated that the 
receiving problem is not quite the same as tho transmitting 
one. The reciprocity theorem as applied lo aerials is well 
founded but docs not allow for interference coupled to the 
equivalent transmitter-receiver system. The rule concerning 
the use of the transmitting aerial for reception is a good one; 
tuned arrays, especially the unidirectional ones, can be a 
great help for reducing interference from directions not in 
the beam of the aerial. Long wire types arc not so good in 
this respect, and often bring in more cosmic or ionospheric 
noise than other types: vertical aerials normally produce a 
much cleaner background than any others, and help to 
discriminate against short-range intorfcrence--say from 500 
to 1000 miles, because of their selective vertical patterns. A 
properly constructed aerial, wi th a good transmission line 
always helps to minimize man-made interference radiated by 
house wiring, etc. 

It may be considered worthwhile to erect special aerials for 
the receiver and Fig.13.131 is an example of what can be done. 
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A pair of ground planes are erected at a spacing of 'A/2 to ;\, 
tho feeders brought in separately, and connected to the ends 
of a half-wave cable delay line. The delay line (which can be 
24 ft. of coaxial lino for 14 Mc/s) is coiled and its inner con
ductor brougbt out to switcb studs at many points. When 
the receiver input is switched along this delay line, the 
horizontal patterns shown in Fig. 13.64 can effectively be 
rotated to steer the nulls against interfering stations. 

i------- ~TO A-----~~ 2 

" 2 
~ABLE~ 
. . 

------ RECEIVER 

Fie. 13.131. Special arraneement of two cround .. planc aerials pro. 
vidin& electrical 1teerin1 of the patterns &iven in Fir. 13.64. This is a 
great help for interference reduction in a receiver on noisy bands 
like 7 or 14 Mc/s, thou ah it is not any 1rcat advantaee in tra.nsmission 

bee:ause the patt.erns are ver·y broad. 

INTERFEREN C E 

Even the best communication receiver will sometimes show 
signs of overloading when supplied with the full output of a 
very large array, such as a V or a rhombic. The effect is a 
largo increase in background noise of a typo which is clearly 
tho interaction between high power stations in or near the 
working frequency; often a pair of stations will beat together 
to give an i.f. signal which does not respond to the r.f. tuning 
of the rocciver. This is most likely to occur on the 14 and 21 
Mc/s bands, and is recognized because it disappears more 
rapidly than the tunable signals when tho gain of tho re
ceiver is gradually reduced. It really calls for preselcction in 
front of the receiver. Since tho normal outside noise level 
from cosmic and man-made interference overrides the inter
nal noise of a good receiver, there is no need to give it tho full 
output of a large aerial, and often a smaller aerial can be 
used. 

In order to prevent interference with broadcasting, special 
steps nro taken in tho transmitter to prevent overmodula
tion, koy clicks and harmonic output. Loose connections in 
and around the aerial system can undo this work and rectify 
the transmitter output, causing serious interference of a har
monic type. Corroded or oxidized metal contacts make 
rectifiers, and can act as if a diode were connected in the 
aerial. Offending items include poor or broken solder joints, 
lead-through terminals, dirty r.f. connectors in the cable 
system, corroded earth connections, nod loose metal joints 
such as those in gutters or rusty wire fences. Joints in the 
aerial should be carefully cleaned, made tight before solder
ing, and arranged so that the strain on the wire does not pull 
on a sharp bend. The solder joint may fracture in time 
through vibration, :111d should not therefore take tho strain: 
it should also be protected with lapo, so that it does not 
become too dirty to re-solder. Regular inspection of the 
aerial system and its surroundings is necessary. 



CHAPTE R 14 

V.H.F./U.H.F. AERIALS 
THE range of frequencies considered in this chapter 

extends from 30 Mc/s to 3000 Mc/s. In accordance 
with the accepted terminology a distinction ought strictly to 
be made between the range 30-300 Mc/s which is described 
as very hlgli frequency (v./1.f) and the range 300-3000 Mc/s 
which is described as ultra high frequency (11./1.f ). Over these 
two ranges, however, the problems of aerial design are often 
quite similar in character and to avoid u!lllecessary repeti
tion the term v.h.f is used here to cover both of them. 

Above 30 Mc/s the wavelength of tbe radiation becomes 
short enough to allow efficient aerials of comparatively 
small dimensions to be constructed, since the effect iveness 
of an aerial system generally improves when its size becomes 
comparable with the wavelength that is being used. A special 
feature of v.h.f. aerial design is the possibility of focusing the 
radiated energy into a beam, thereby obtaining a large 
effective gain in comparison with a half-wave dipole which is 
the standard by which most v.h.f. aerials are judged. 

Power Gain and Beamwidth 

A simple way to appreciate the meaning of aerial gain 
is to Imagine the radiator to be totally enclosed in a 
hollow sphere, as shown in Fig. 14.1. If the radiation is 
distributed uniformly over the interior surface of this sphere 
the radiator is said to be isotropic. An aerial which causes the 
radiation to be concentrated into any particular area of the 
inside surface of the sphere, and which thereby produces a 

</> • VERTICAL BEAM WIDTH 
(IN PLANE YZ) 

9,. HORIZONTAL BEAMWIDTH 
(IN PLANE XZ) Y 

y 

A: ILLUMINATED AREA 

SURFACE AREA OF SPHERE 
POWER GAIN • SURFACE AREA OF " ILLUM INATED" REGION 

Fie . 14.1. Rad iation from an aerial. An isotropic rad iator at the 
poin t 0 w ill aive un iform 0 illumination" over the inne r surface of 
the sphere. A d irectiona l rad iato r will concentrate the e nergy into 
a beam w hich will illuminate only a portion of tha sphe re as shown 

shaded. 

greater intensity than that produced by an isotropic radiator 
fed with equal power, is said to exhibit gain relative to an 
isotropic radiator. This gain is inversely proportional to the 
fraction of the total interior surface area which received the 
concentrated radiation. 

The term gain of any particular aerial system always 
applies in the direction of maximum radiation. 

The gain of an aerial is usually expressed as a power ratio, 
either as a multiple of so many " times " or in decibel units. 
For example, a power gain of 20 times could be represented 
as 13db (i.e. 10 log10 20). 

The truly isotropic radiator is a purely theoretical concept, 
and in practice the gain of beam aerials is usually compared 

MAJOR LOBE 

Fie. 14.2. Polar diagram of a v.h.f. beam aerial, The 
front-to-back ratio is r ep resented by F/8 , 

with the radiation from a single half-wave dipole fed with an 
equal amount of power. The radiation pattern of even a 
single half-wave dipole is markedly non-uniform, and in 
consequence the power gain of such an aerial compared with 
the hypothetical isotropic radiator is about 64 per cent (i.e. 
5/3 times or 2· l 5db), but since the half-wave dipole is the 
simplest practical form of radiator it is generally acceptable 
as a basis of comparison. 

The area of " illumination" is not sharply defined as 
sbowo by the shaded region in Fig. 14.1 but falls away 
gradually from the centre of the area. The boundaries of the 
illuminated area are determined by joining together all points 
where the radiation intensity has fallen by half ( i.e. 3clb): 
these are known as the half-power points. T he gain of the 
aerial can then be determined by dividing the total surface 
area of the sphere by the illuminated area: e.g. if the total 
surface area were 100 sq. cm. and the illuminated area 
bounded by the half-power points were 20 sq. cm., the gain 
of the aerial would be five times or 7db. The radiation in any 
particular plane can be plotted graphically, usually in polar 
co-ordinates; such a plot is called a polar diagram. A typical 
polar diagram is shown in Fig. 14.2. The region of maximum 
radiation is called the major lobe. Unwanted radiation is 
occurring in other directions, and these regions, when small 
compared with the major lobe, are called minor lobes. A ll 
practical aerials eidllbit such lobes and the aerial designer 
frequently has to compromise to obtain the optimum 
performance for any particular application. For example, an 
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T he J-B eam :icrlal :irray lo«1tcd :ibovc> t he factory of M-0 Valve 
Co. Ltd., H :a.mmorsmith, for" the beacon s tation GB3GEC.. 

(Photo by cour<e<y of M·O Valve Co. ltd.) 

aerial may be designed for maximum front-to-back ratio; i.e. 
for minimum radiation in the direction opposite to the 
major lobe. To achieve such a condition it may be necessary 
to sacrifice some gain in the major lobe (or forward radiation) 
with a possible increase in other minor lobes (or side lobes) 
and thus the designer will need lo consider all the implica
tions before finalizing any particular design. 

In practice the radiation from an aerial is measured in a 
horizontal a.nd a ver tical plane. The beamwidtli is the angle 
between the two half-power points in the plane under con
sideration. The vert ical polar diagram is greatly influenced 
by the height of the aerial above ground; the higher the 
aerial the lower will be the angle of maximum radiation, and 
at the same time the effec.ts of neighbouring objects such as 
houses and trees will be minimized. The important require
ment is to place the aerial well clear of such objects and this 
frequently means as high as can be safely achieved. Any 
aerial which has the property of concentrating radiation into 
any particular direction is said to possess directivity. 

14.2 

Bandwidth 
The performance of an aerial array generally depends 

upon the resonant properties of tuned radiators such as 
dipoles or other elements, and therefore any statement 
regarding its power gain or beamwidth will be valid only 
over a restricted frequency band. Beyond the limits of 
this band the properties of an aerial system may be entirely 
different. Hence it is useful to define bandwidth as that range 
of frequencies over which the power gain of the aerial array 
docs not fall by more than a certain percentage as compared 
with the frequency at which maximum gain is obtained (e.g. a 
bandwidth of 15 Mc/s for a 50 per cent reduction in power 
guin). Alternatively the bandwidth may be defined as the 
frequency band over which the standing wave ra tio of the 
aerial feeder does not exceed a prescribed limit (e.g. band
width of 10 Mc/s for a standing wave ratio not eJtceeding 
2 : J ). The latter convention is the one generally used. It 
should be noted that these examples are not related to one 
another. 

Capture Area o r Aperture 
Besides examining the action of a transmitting aerial array 

in concentrating the radiated power into a beam it is also 
helpful to examine the way in which the same aerial structure 
will effect the reception of an inc-0miog signal. In this study 
it is convenient to introduce the concept o f capture area or 
a11crt11re of the aeria l. This concept is frequent ly misunder
stood, probably because it may appear to relate to the cross
scctional area of the radiated beam (as represented by A in 
Fig. 14.1): il is in fact related to the im•erse of the eross
sectional area of the beam inasmuch as an aerial which has a 
high gain usually has a sharply focused beam (i.e. one of 
small c ross-sectional area) but at the same time the capture 
area o f the aerial is large. T he larger the capture iirea, the 
more effect ive is the aerial. 

The actual size of the aerial system does not always give a 
reliable indication o f the capture area. A high-gain array 
may have a capture area considerably greater than its 
frontal a rea determined by its physical dimensions. 

The fundamental relat ionship between the capture area 
and the power gain of an aerial system is-

A = G,."A• 
4,. 

where A is the capture area and). is the wavelength (measured 
in the same units as A) and G

1 
is the power gain (arithmet ic

ally not db) relative to an isotropic radiator. 
A half-wave dipole has a gain of g. relative to ru1 isotropic 

radiator, and therefore this formula can be modified to give 
the capture area in terms of the gain of a half-wave dipole 
G 0 instead of G 1 simply by introducing the factor 3/2, thus-

A == ~ x Gn.A.
2 = 5GoA.

2 

3 4,. 12 

This formula shows that if the wavelength is kept constant 
the capture area of an aerial is proportional to its gain, and 
therefore if an increase in gain results in a narrower beam
width it must follow that a narrower beamwidtb corresponds 
to a greater capture area (the term beamwidth being used 
here to signify both horizontal and vertical dimensions, i.e. 
in effect the cross-sectional area). 

The formula also shows that for any given power gain the 



capture area is proport ional to the squa re of the wavelength. 
For example, an aerial having a power gain of, say, 10 times 
relative to a dipole at 600 Mc/s (0·5m) would have a capture 
area one-sixteenth of that of an aerial having a similar 
power gain at 150 Mc/s (2m); to achieve equal capture 
area the gain of the 600 Mc/s aerial would thus have to be 
16 times greater than that of the 150 Mc/s sigmil , i.e. 160 
limes relative to a dipole. This is unfortunate because it is the 
capture area of the aerial that determines its effectiveness in 
absorbing the incoming radiation: it means that as the 
wavelength is reduced it becomes increasingly important to 
design the aerial to have a higher gain in order to produce the 
same voltage at the receiver terminals and thus the same 
basic signal-to-noise ratio. 

A very useful rule of thumb method of calculating the gain 
of a multiple a rray aerial system is that each time the 
aperture is doubled the gain is increased by approximately 
Jdb, although in practice, the increase is usually a little less. 
For example if two 5 element Yagi arrays arc stacked, 
provided they arc spaced so that their apertures just touch, 
then the overall gain will be increased from about 8 to J ldb. 
It is useful to remember :his point when considering stacking 
later in the chapter. 

These observations apply only to signals being received or 
transmitted in the direction of maximum gain. For directions 
other than the optimum the relationships become more 
complex. 

Multi-radiator Arrays 

High-gain aerial arrays can be built up from a number of 
individual radiators such as half-wave dipoles. To achieve 
the maximum gain, the spacing of these radiators should be 
such that their respective capture areas just touch. Where 
the individual radiators are themselves high-gain systems, 
such as Yagi arrays, the centre-to-centre spacing of each 
radiating system needs to be larger, since the individual 
capture areas arc greater. 

Reciprocity Theorem 

The theorem of reciprocity states that any particular 
aerial gives the same performance either as a transmitting or 
as a receiving system. Practical aerial designs are therefore 
worked out in terms of transmission because the character
ist ics are more easily determined in this way, and the 
resulting aerials arc assumed to have similar reception 
properties. 

Angle of Radiation 

The characteristics of propagation in the v.h.f. ranges are 
detennined principally by the influence of the troposphere, 
i.e. the part of the atmosphere extending from ground level 
up to a few thousand feet. There is rarely ionospheric 
propagation on frequencies higher than about I 00 Mc/s and 
thus any energy which is radiated at more than a few degrees 
above the horizontal is wasted. Similarly to transmit to a 
particular point it is unnecessary to radiate a broad beam in 
the horizontal plane. Generally, therefore, the aerial designer 
tries firstly to reduce the vertical beamwidth to avoid 
wastage of power into space and secondly to reduce the 
horizontal beamwidlh according to the required ground 
coverage. A narrow horizontal beamwidth can however be 
a disadvantage because stations situated off the beam may be 
missed, when searching. U nder conditions of high activity, 
on the other hand, a narrow bandwidth can be helpful in 
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rejecting interference from unwanted stations in other 
directions. A compromise between gain and beamwidth 
must be made. 

Height of Aerial above Ground 

Several considerations apply wheo deciding the height of 
the aerial above the ground for optimum performance: 

(a) the aerial should be well above local screening from 
buildings and other obstacles; 

(b) even if there is no screening, the earth will act as a 
plane reflector and will tend to direct the radiated 
energy in to space rather than along the horizontal as 
is required at v.h.f. To minimise this effect, the aerial 
should be as high as possible (and the height should 
be judged in terms of wavelengths rather than feet); 

(c) the higher ihe aerial the greater the feeder length and 
the more difficult and costly is its erection, especially 
in confined spaces. Thus, again, a compromise has to 
be made. 

It is well to remember that even in an ideal location from 
the v.h.f. point of view, such as a hilltop with no local 
screening, it is still necessary to erect the aeria I as high as can 
be achieved v.'ithin the resources available. This considera
tion is also very important when aerials arc stacked as the 
effective height of the aerial is the height of the physical 
centre or electrical centre of gravity above ground. ln 
general, the improvement to be obta ined from increasing 
aerial height outweighs the increase in feeder Joss. At an 
average amateur location the height/gain relationship is 
often better than 6db for doubling of height. Only in the 
case of well-sited stations on high ground is such a rate of 
height gain not achieved. 

Polarization 

Radio waves are constituted from electric and magnetic 
fields mutually at right angles and also at right angles to the 
direction of propagation. The ratio of the electric com
ponent E to the magnetic component If in free space(£/ H = 
Z) is known as the impedance of free space and bas a value of 
about 377 ohms. When the electric component is horizontal, 
the wave is said to be horizontally polarized. Such a wave is 
radiated from a horizont·al dipole. lf the electric component 
is vertical, as in a vertical dipole, the wave is said to be 
1•ertical/y polarized. 

Sometimes the polarization is not exclusively horizontal or 
vertical and the radiation is then said to be elliptically 
polarized or, in the special case where the horizontal and 
vertical components are equal, circularly polarized. The 
effect of the addition of two components of the same kind 
(i.e. electric or magnetic) at right angles is to create a rotating 
field, the direction ofrotation of which depends on the relative 
phase of the two components. Thus the polarization of the 
wave will appear to have either clockwise or counter-clock
wise rotation, a feature which is importan t in the use of helical 
aerials. A dipole will receive an equal pick-up from a 
circularly polarized wave irrespective of whether it is 
mounted horizontally, vertically or in an intermediate 
position, but the strength will be 3db less than if an aerial 
designed for circular polarisation' 1 used. This means that 
the fu ll gai11 of a helix will only be realised when received by a 
helix. Horizontally or vert ically polarized waves (or any 
other waves from linear sources) are known as plane 
polarized waves. 
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It bas been found by some experimenters that in the v.h.f. 
range horizontally polarized waves suffer less attenuation 
over long distances than vertically polarized waves, and this 
system is therefore often preferred. It has in fact been 
universally adopted for amateur communication in the 
British Isles and many other countries. Vertically polarized 
waves may be more suitable for special purposes such as 
short-distance or mobile communication and a simple 
ground-plane or similar aerial can then be used, as described 
in Chapter 16 (Mobile Equipment). 

Tests have been conducted at frequencies of the order of 
70 Mc/s between fixed stations employing horizontally 
polarized beam aerials and mobile stations employing 
vertically polarized ground plane aerials which show that the 
loss in signal strength due to cross polarization is much less 
than might be expected due to the multiple reflections that 
occur from the objects that surround mobile radiators. The 
vertically polarized wave is transformed into one of random 
polarization and hence there is no difference in performance 
if either a horizontally or vertically polarized aerial is used 
at the fixed sta tion. Further work needs to be done in this field 
in the u.h.f. band to see whether the same results occur 
although tests by the BBC on television Bands IV and V 
(470-582 Mc/s and 606-960 Mc/s) show less multi-path 
propagation from horizontally polarized aerials and hence 
less fading. 

AERIAL FEEDERS 

Before discussing v.h.f. aerial design it will be helpful lo 
review the methods of conveying power from the trans
mitter to the aerial. The feeder length should always be 

considered in terms of wavelengths rather than the actual 
length of the conductors. lf the feeder length is short 
compared with the wavelength, the loss caused by its ohmic 
resistance and by the dielectric conductance is unimportant 
as also is the effect of incorrect impedance matching. 
For v.h.f. operation, however, the aerial feeder is usually 
many wavelengths long, and therefore both the loss intro
duced and the matching of the load to the feeder are of the 
utmost importance. 

Two types of feeder, or transmission line, are in common 
use, the unbalanced or coaxial feeder and the balanced pair: 
the latter may be either of open construction or enclosed in 
polythene ribbon or tubular moulding. Each type has its 
own particular advantages and disadvantages. 

Jn a coaxial cable, the radio frequency fields are contained 
entirely within the outer conductor and hence there should be 
no r.f. currents on the outside. This enables the cable to be 
carried in close proximity to other cables and metal objects 
without interaction or serious change of its cable properties 
which might cause reflections and thereby i.ntroduce appreci
able loss. There is no loss by external radiation. 

The open-wire or balanced feeder has a radiation-loss 
which is dependent upon the ratio of the spacing of the wires 
to the wavelength and becomes more serious as the frequency 
is raised. However, if this spacing is less than 0·01.\ the 
radiation loss is negligible. The properties can also be severely 
changed by the close proximity of metal objects and the 
accumulation of ice or water on the separating insulation, 
and therefore much greater care must be taken in the 
routing of the feeder. Difficulties are often experienced when 
attempting to use this type of feeder with rotatable aerial 

TABLE 14.1 
Characteristics or Typical Radio Frequency Feeder Cables 

T ype of Cable 

Stondord-TV feeder 

Low-loss TV feeder 
(sem i-•i r-spaced) 
Super Aeraxial 

Flat Twin .. 

N ominal 
Imped· 

a nee 
Z 0 (ohm>) 

75 

75 

ISO 

Dimensions (in.) 

Centre 
Con· 

duc:tor 

Over 
Outer 
Sheath 

Over 
Twi n 
Corea 

Approximate A ttenuation Power 
Velocity (db par 100 rt.) Handl ing 
Factor ------- ----- (see 

70 Mc/s 145 Mc/s; 433 Mc/s 1296 Mc/s footnote) ____ ,_ ___ , 
7/·0076 

0·048 

7/-IJl2 

0·202 

0·290 

0·18 x 
0·09 

0·67 3'S S· I 9-3 17 -

0·86 
.1.pprox. 

0·71 

2·0 

2·1 

3·0 10 

3·1 5·7 • II • 

Remarks 

Semi .. 3Jr .. .sp2ced or 
cellular . 

•Theoretical fig· 
ures, likely to be 

1-------11----·1---------- --------- - ----1--- -1 considerably wor· 
Flat twin . . . . 300 7/·012 - 0·105 X 0·85 1·2 1·8 3·1 ' 6·6 • - sened by radiation . 

0·09 

Tubular twin 300 7/'0 12 - 0·446 0·85 1·2 1·8 6·6. 
1-------11---~11---l---·l----~---ll~-~------1~---~-----1-------1 

Uniradio I 71 0·056 0·45 - 0·67 I ·4 8·6 2 Repl.ced by U R57. 

Uniradio "t 16 7/-032 0-'405 - 0·67 I ·9 5·6 10·6 2 Replaced by UR67. 
--·-----'------~· Unln.dio 6 100 0·036 0·365 - r>-86 H l ·l 8·6 I 

Unindio 32 71 0·022 O· 202 - 0·67 3'S 10 18 

Unlndlo 57 75 O·o+! 0·405 - 0·67 I ·5 10 2 

Uniradio 67 so 7/·029 0·405 - 0·67 I ·7 10 2 RG8A/ U similar. 
1--------11---~1 

Unir•dio 74 5 I 0· 188 0·870 - 0·67 0·8 1·2 5 2 

Unindio n 75 O· I 04 0·870 - 0·67 0·8 1·2 2 

RG·llA{U .. 75 7/·0 16 0·'405 - (}-67 1·9 2·8 5·5 10·5 2 

Thi1 table contains in rormation •upplicd by A4'rialite Ltd .. and British Insulated Callender'$ C•bles Ltd. The power handling capacity of any cable falls 
with riJing frequency. Cables suitable for handling JOO watts at -433 Mc/s or 1296 Mc/s havo the fiiurcs I or 2 allocated in the Power Handling column 

rospoc<ively (a< low S.W.R.). 
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arrays. It is, for instance, quite unsatisfactory to bind a 
ribbon feeder directly against a metal mast. When the feeder 
is kept well clear of metal objects, however, the loss tends to 
be less than that of coaxial cable unless the frequency is so 
high that the radiation-loss is serious (i.e. 450 Mc/s and 
above). 

GencraJJy speaking, the use of open-wire feeders is 
restricted to bands of 144 Mc/s and below; coaxfal cable is 
used for all frequencies up to about 3000 Mc/s. Above about 
1000 Mc/s the Joss in conventional types of flexible coaxial 
cable becomes prohibitive and rigid semi-air-spaced types of 
cable are then used. Above 3000 Mc/s waveguides are 
usually necessary for feeder runs of more than a few inches. 

A list of typical aerial feeder cables obtainable in Great 
Britain is shown in Table 14.1. Further information can be 
obtained from the various manufacturers. 

In the semi-air-spaced type of coaxial cable, the centre 
conductor is supported either on beads or on a helical 
thread: in some forms a continuous filling of cellular poly
thene is used as the insulator. This type of cable has a lower 
capacity per unit length than the solid type and hence the 
velocity factor (i.e. the ratio of the wave velocity in the cable 
compared with that in free space) is higher, being about 
0·88-0·98 for helical and bead types and about 0·8 for 
cellular polythene types compared with 0·66 for solid cable. 
The use of semi-air-spaced centre conductors allows cables 
to be designed with less attenuation for a given size, or with 
the same attenuation for a smaller size, but unfortunately the 
bead and helical types suffer from the disadvantage that 
moisture can easily enter the cable; special precautions must 
therefore be taken to ensure a good watertight seal at the 
aerial end if such cable is used. Suitable material for this 
purpose is Telecompound* or Bostik sealing strip. 

Cellular polythene cables do, however, suffer from another 
disadvantage: the effective dielectric constant of the cellular 
polythene varies according to the number and volume of tbe 
air cells per unit length which unfortunately cannot be 
controlled with precision during manufacture. Thus the 
characteristic impedance may tend to vary along a length of 
feeder and although this may not matter at the lower end 
of the v.h.f. spectrum sucb cable is not recommended for 
frequencies above about 500 Mc/s. 

It is also important to exclude w;lter even from the outer 
braiding of any coaxial cable. Jf water has once entered it is 
very difficult to dry it out, and the loss in the feeder becomes 
progressively higher as the copper braiding corrodes. 

O pen-wire Feeders 

To obtain very low losses open-wire feeder lioe can con
veniently be made from hard-drawn 16 s.w.g. copper wire 
with separating insulators placed at intervals. The insu· 
lators should be made from polythene and be shaped in 
the form of a disc with the centre removed, as shown in 
Fig. 14.3. This ensures that in the places where the maximum 
electric stress occurs, i.e. between the conductors, the die· 
lectric is air and not the solid insulating material, thus 
minimizing losses. To prevent excessive radiation-loss the 
characteristic impedance should not exceed about 300 ohms. 
Care must be taken to avoid sharp bends and also the close 
proximity of surrounding objects as stated earlier. The 

•A sortcncd polythene compound manufactured by 
T•lco11 PIMtics DM,lon of the BICC G1oup. 
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characteristic impedance of an open-twin line is given by-
Zo = 276 log10 (D/d) 

where D is the centre-to-centre spacing and dis the diameter 
of the wire (measured in the same units). A chart of charac
teristic impedance in relation to the conductor size and 
spacing is given in Chapter 13 (H.F. Aerials). 

Fig. 14.l. Open·wi1e line 
with disc insulators. The 
ce ntre portion• of the 
in1uf.-.tor• are removed to 
min im ize dielectric loue..r. 

Metal Insulators 

:::@)=::@:· I \ --' -
= ~ 

A quarter-wave short-circuited transmission line presents 
a very high impedance at tbe open encl and hence may be 
connected across an open-wire line without affecting the 
power flow in any way; such a device is called a quarter-wave 
stub. The stub so formed may conveniently be used as a 
support or termination for an open-wire line as shown in 
Fig. 14.4. Since the stub must be resonant in order to behave 
as an insulator it can function only over a narrow range of 
frequency. Note that the characteristic impedance of the 
stub does not have to be the same as that of the line. 

/ 

AERIAL 
FEEDER 

Fig. 14.4. Quarter-wave closed stubs are o(ton 1..11ed for 1upportin1 
ope n-wire fe•der1. When used in thl1 way they are known IU 11 metal 
insulators." The inductance of the 1hor,t-circuftinc conductors is 

mlnimi~ed by making them in th• form or ha11e metal plateo. 

Surface-wave Transmission Li nes 

A type of feeder which becomes useful above about 400 
Mc/s is the surface-wave transmission line. The wave is 
directed on to a single conductor by means of a horn : see 
Fig. 14.S. The dimensions of the born are not critical but the 
angle should be correct, and for the best performance the 
side should be several wavelengths long. The single con
ductor wire should be covered witb a thin dielectric, pre
ferably polythene, al though enamel or even an oxidized 
covering is usually sufficient. This covering layer minimizes 
radiatio11-loss by reducing the effective diameter of the field 
surrounding the wire. Typical losses measured at a fre· 
quency of 3300 Mc/s (9cm) using horns 21 in. long and 
13 in. in diameter and a No. 14 s.w.g. wire feeder (bare but 
oxidized) are about 1 ·35db per buodred feet plus about 
0·4db per horn, making a total of just over 2db per hundred 
feet. 

At 430 Mc/s the attenuation of the field 8 in. away from 
the feeder is about 20db. The feeder can therefore be run 
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reasonably near to walls and otl1er objects for short distances. 
If the feeder is a fairly long one, however, it would be desir
able to maintain a spacing of several feet over most of its 
length. The radius of any bends should be kept greater 
than about one wavelength in order to avoid losses due to the 
tendency of the energy to be radiated into space whenever 
thero is a sudden change in the direction of the feeder. 

.. A. 
I I . 
I I I 
I I . 
I I \ 
I FEEDER I I 

I 

I I . 
iD D: 

. . 
I I 

I I I 
I . 
I 
y 

f ir. 14.S. Surface,.wave tran1 mi11 ion line. The outer sheathing of 
e.ach le nat.h of coaxial cable is terminated by an open cone. The 
fuder ltn (( should be of 10·(6 LW.f. 'oppor wiro, preferably 
enam elled; iu len&th may be several hundred feet. The cone 
diameter D must be 0•6 L, but L itself may be of any lenath areater 

than 3A. 

Balance-to-Unbalance (Balun) T ransformers 
In most cases the aerial requires a balanced feed with 

respect to ground, and it is therefore necessary to use a 

COAXIAL r' - - - --->-/ 4 --- --- - · "'"l 

SHORT-CI RCUIT ED 

BALANCE~ 
OUTPUT 

OU ARTER· WAVE SECTION 

Fie. 14.6. Quarter. wave open balun or Pawsey stub. 

loss: see Fig. 14.7 (a). To prevent the ingress of water and to 
improve the mechanical arrangement, tbe centre conductor 
may itself be connected to a short-circuited quarter-wa vc 

re ---->./ 4 . -- -- 'idr4 __ -- A/4 - • - - - - ->; 
I 11 I 

COAXIAL 
"OUTPUT 

BALANCED 
OUTPUT 

Fig. 14.7 (b). T otally enclooed·coaxi:al balun. T he right• 
hand 1ection ac-t1 u a " "'eta' insulator." 

line acting as a "metallic insulator" as shown in Fig. 14.7 (b) . 
The distance d should be kept small, and yet the capacity 
between the sections should also be kept small otherwise 
the quarter-wave section will not be resonant at the desired 
frequency. A satisfactory compromise is to taper the end 
of the quarter-wave line, although this is by no means 
essential. In practice, at a frequency of 435 Mc/s about t in. 
is a suitable spacing. The whole balun is totally enclosed, the 
output being taken through two insulators mounted in the 
wall. 

A useful variation is that shown in Fig. 14.8, which gives a 
4 : 1 step-up of impedance. The half-wave loop is usually 
made from flexible coaxial cable, and allowance must there
fore be made for the velocity factor of the cable when 
calculating a half-wavelength. 

At frequencies above about 2000 Mc/s it may be incon
veuient to mount tbc coaxial-sleeve balun close to a dipole 
radiator. lo this case the sleeve can be mounted a short 
distance back from the end of the line. The characteristic 
impedance of the balun element is not critical. 

A Pawsey stub mny be constructed by attaching a piece o f 

device which converts the unbalanced output of a coaxial 
cable to the balanced output required by the aerial. This 
device also prevents the wave which has been contained 
within the cable from tending to " spil l over" the extreme r 
end and travel back over the surface of the cable. Wbenever 
this occurs there are two important undesired effects: 
first the re-radiated wave modifies tbe polar diagram of the 
attached aerial, and secondly the outer surface of the cable is 
bound to have a radio frequency voltage on it. 

To prevent this, a balance-to-unbalance transformer 
(abbreviated to balun) is connected between the feeder cable 

COAXIAL ;<---->-14 - - - -- ·>of 
If PUT : 

~-----~~ 

BALANCED 
OUTPUT 

Fig. 14.7 (a). Coaxial-sleeve balun. 

and the aerial. The most simple balun consists of a shor t
circuited quarter-wave section of transmission line attached 
to the outer-braiding of the cable, as shown in l'ig. 14.6. This 
is often known as a Powsey stub. At the point A, the quarter
wave section presents a very high impedance which prevents 
the wave from travelling over the surface. Note that the?: 
dimension given is in air and not in the cabie. ' 

Several modifications to the simple balun are possible: for 
example, tbe single quarter-wave element may be replaced 
by a quarter-wave coaxial sleeve, thus reducing radiation-

14.6 

zo' COAXIAL 
OUTPUT 

Fie. 14.8. Co11LXial balun c ivinc a 
4 : I impedance step-up. Tho 

lon r t h L should be A/2, allowing 
for th e velocity fa.c;tor of the 

cable. The oute r braidinc may be 

joined at the points indicated. 

coaxial cable one physical quarter-wave long (the centre con
ductor being unused) to the braiding of the feeder cable. 
The two sections should be spaced sufficiently to ensure an 
air dielectric between them. If the two pieces lie closely 
alongside one another the resooant length must be reduced 
and an inferior dielectric introduced. It is important to note 
that since it is the electrical characteristics of the outer surface 
that are being used, there is no need to allow for the velocity 
factor of the cable. Coaxia.1-sleeve baluns should have an 
outer-to-inner diameter ratio of between 2 : I and 4 : I. 

The performance of these baluns will be frequency 



dependant as they rely for their operation upon the properties 
of resonant transmission lines. In all cases, however, these 
lines are effoctively tennioated in a low impedance and the 
bandwidth is comparatively large. All are quite suitable for 
use in the v.h.f./ u.h.f. amateur bands. 

IMPEDANCE MATC H IN G 

For an aerial feeder to deliver power to the aerial with 
minimum loss, it is necessary for the load to behave as a pure 
resistance equal in value to the characteristic impedance of 
the line. Under these conditions no energy is reflected from 
the point where U1c feeder is joined to the aerial, and in 
consequence no standing waves appear oo the line. 

When the correct terminating resistance is connected to 
any feeder, the voltage and current distribution along the 
line wi11 be uniform. This may be checked by using a device 
to explore either the magnetic field (11) or the electric field 
(E) along the line. One such device, suitable for use with a 
coaxial feeder, is a section of coaxial line with a longitu
dinal slot cut in the wall parallel to the line. A movable 
probe connected to a crystal voltmeter is inserted through the 
slotted wall. This samples the electric field at any point, and 
the standing wave ratio may be determined by moving the 
probe along the line and notil1g the maximum and minimum 
readings. The distance between adjacent maxima or between 
adjacent minima is one half-wavelength. 
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Fig. 14.9. Stub m atching applied to a full-wave dipole. 

The fields surrounding an open line may be explored by 
means of an r.f. voltmeter, but it is much more difficult to 
obtain precise readings than with a coaxial line because of 
hand-proximity effecls and similar disturbances. 

Another device which measures forward and reflected 
waves is the reffectometer (see page 14.21). 

The term matching is used to describe the procedure of 
suitably modifying the effective load impedance to make it 
behave as a resistance and to ensure that this resistance has a 
value equal to the characteristic impedance of the feeder 
used. To make a compfex load (i.e. a load possessing both 
resistance and reactance) behave as a resistance, it is neces
sary to introduce across the load a reactance of equal value 
and opposite sign to that of the load, i.e. the reactance is 
"tuned out." A convenient device which can theoretically 
give reactance values from minus infinity to plus infinity, (i.e. 
large capacitance to large induclaoce) is a section of trans
mission line eilher of length variable between zero and one 
half-wavelength having an open-circuited end or alternatively 
of length a little grealer than one half-wavelength having a 
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Fig. 14. tO. S t ub m atchlnc with a mova b le 1hort•circul te d stub. 

movable short-circuit capable of being adjusted over a full 
half-wavelength. 

Although there is no need to make the characteristic 
impedance of a stub equal to that of the transmission line, it 
may be desirable to do so for practical reasons. 

In addition to tuning out the reactance, a match still bas 
to be made to the transmission line. The impedance at any 
point along the length of a quarter-wave resonant stub varies 
from zero at the short-circuit to a very high impedance at 
the open end. If a load is connected to the open end and the 
power is fed into the stub at some point along its length 
the stub may be used as an auto-transformer to give various 
values of impedance, according to the position of the feed 
point. This is shown in Fig. 14.9. The distance Lis adjusted 
to tune tbe aerial to resonance and will be one quarter-wave 
long if the aerial is already resonant. The distance I is 
adjusted to obtain a match to the line. However, it is 
usually more convenient to have a stub with an adjustable 
short-circuit which can slide along the transmission line; 
see Fig. 14.10. 

In practice matching can be achieved entirely by the " cut 
and try " method of adjusting the stub length and position 
until no standing waves can be detected. The feeder line is 
then said to be fla t. However, the frequency range over 
which any single-stub matching device is effective is quite 
small , and where wideband matching is required some other 
matching system must be used. 

Stub-m atching 
When it is possible to measure the s.w.r. with good 

accuracy and to locate the exact position on the feeder at 
which the minimum current occurs, the length of the stub 
required to match the line and the correct point at which to 
connect it may be predicted and much of the time required 
by cut-and-try methods saved. The predictions may be read 
off from Fig. 14.11. The application of the method is best 
suited to balanced feeders; adjustments are somewhat easier 
with open-wire lines. 

The measurement of s. w.r. may be made when transmitting 
on low power; 

(a) by inserting in series with the feeder an s.w.r. indicating 
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or measuring device, near the point at which the stub is to be 
connected. For wide bandwidth this stub should be very 
near the aerial. 

(b) by running along the feeder a calibrated probe which 
has arrangements to keep its coupling to the feeder constant 
while its position is moved a long the line. It is helpful to have 
the feeder well tensioned. Either voltage- or current-probes 
can be used having a thermocouple or crystal diode connected 
10 a sensitive milliammcter. The probe must be loosely 
coupled to the line. 

The position of a minimum is sharply defined, a maximum 
is Bat. Even so, a minimum position is best found by" brac
keting" it. Tbe positions at which equal readings of current 
or voltage are obtained on either side of the minimum are 
found: the minimum position is taken to be midway between 
them. A voltage minimum can be assumed to be a quarter 
wave distant from a current minimum. With the bracketing 
method even a torch bulb coupled to the line can be used to 

locate the J.,.,,. position with fair accuracy. Its coupling to 
the line must be the same in each position. The two positions 
at which the filament just begins to glow are noted. 

It is very important that harmonic currents are not flowing 
in the line during measurements, and as filters do not work 
well unmatched, the probe should be sharply tuned to the 
operating frequency. A " field strength meter " with suitable 
constant-coupling arrangements can be used as a probe. It 
may be calibrated by connecting a short circuit on the line 
to set up an infinite s.w.r. The theoretical sinusoidal current 
pattern along the line is used to set the probe in positions of 
known current (i.e. current of known ratio relative to the 
maximum current). 

e.g. (a) Set the probe at the /_, position and reduce the 
probe coupling and adjust transmitter power, or 
transmitter loading to get a full scale meter 
deflection. 

NOTE : lit WHEH CLOSED STUB IS USED, POSITION IS TOWARDS lRAHSMllTER FROM l"IH 
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Fig. 14.12. Two-stub coaxial tuner. T he graph 1how1 the 
lowu l!mit or the matching range: the upper limit is 
determined by the Q or the stubs (i.e. it is dependent on 
the lou e1 In th e atubs). z . is the characteristic im ... 

peda.nce or t.he feeder. 

(b) Locate the I .. 1. position accurately by bracketing. 

(c) Set the probe 'A/12 from /min. Note the meter 
reading. The actual current here is 0·5 I 
(A/ 12 = 30° phase. Sin 30° = 0·5). '""" 

(d) Set the probe ,\/8 from / .,.,,.. Here tbe actual cur
rent is 0·707 !,..,.,. 

(e) Set the probe at other positions and calibrate 
similarly. 

Any error due to a slightly incorrect position or r .. 1• may 
be eliminated by repeating the readings on the opposite side 
of I .. 1. and taking an average meter reading. Any appreci
able asymmetry may indicate excessive probe coupling 
variation in probe coupling, or harmonic currents. ' 

Jf the predicted stub does not produce a perfect match 
immediately, note whether the point of attachment or the 
stub is now a position of 1,,,1,. or 1,...,, of the new standing 
wave on the " matcl1ed " line. If neither, then the stub is 
not tuning the aerial system to resonance. The first adjust
ment is thercl'orc made to the length of the stub so that the 
point of attachment is resistive. Correct adjustment is when 
the position of J,.,M or !.,.,, is coincident with the point of 
attachment. Ir this is now a point of In=, the resistance is 
too low r?r a perfect match. If a closed stub is being used, 
lengthen 1t and simultaneously move its point of attachment 
nearer the aerial by the same amount. (These adjustments 
are equal only when the stub Zo is the same as that of the 
feeder.) 1r the correct position is passed, the "matched " 
line will now have an l m1n at the point of attachment, and 
the adjustment is to shorten the closed stub and simultan
eously move it further rrom the aerial by the same amount. 
The total distance from the short circuit of the stub to the 
aerial remains the same to keep the system resonant. For 
an open-circuit stub the adjustments are in the opposite 
sense. 

2 1- RCll • ' 
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Stub Tuners 
On a coaxial line it is impracticable to construct a srub 

having an adjustable position. However, two fixed stubs 
spaced by a certain fraction of a waveleng1h can be used for 
matching purposes: see Fig. 14.12. The spacing usually 
~mployed is A/8 .or odd multiples thereof. With this spacing 
mdepen?ent adjustment of the short-circuit plungers gives 
a matchmg range from 0·5 times tbe characteristic impedance 
?f the transmission line (Z0) upwards. As the spacing is 
increased towards A/2 or decreased towards zero the match
ing range increases, but the adjustments then become 

Fie. 1-4.13. Two·stub open·wire tuner. W ith an open-wi re line stubs 
should be mounted on opposit e sides of the line :JS shown so as to 
;tvoid mutual coupl ine. The matching F'ango can be sc.on fro m the 

graph in Fig. 14.12. 

extremely crit ical and the bandwidth very narrow. The 
theoretical limit of matching range cannot be achieved 
owing to the resistance of the conductors and the dielectric 
loss; i.e. the Q is limited. To obtain the highesl Q the ratio 
of outer-to-inner conductor diameters should be in the 
range 2 : J to 4 : 1 (as for coaxial baluns). An important 
mechanical detail is the provision of reliable short-circuiting 
plungers which will have negligible inductance and also 
ensure low-resistance contact. They can be constructed of 
short lengths of thin-walled brass tubing, their diameters 
being chosen so that when they arc slotted and sprung they 
make a smooth sliding contact with both inner and outer 
conductors. 

The two-stub tuner may be appl ied to open transmission 
Jines if it is inconvenient to have a movable stub. ln this 
case the stubs must be mounted laterally opposite to each 
other to prevent mutual coupling: sec Fig. 14.13. 

This type of tuner may, of course, be used for other pur
poses than to feed au aerial. For example, it will serve lo 
match an aerial feeder into a receiver, or a dummy load to a 
transmitter. A greater matching range can be obtained by 
using a three-stub tuner, the stubs being spaced at intervals 

,::: - r -------- -----~1 _1 ________ ,/ - -.'.21 GANGED mox 
ADJUST MENT : 

I 

Zo __ .._ _____ __ ._
1
--------!-- -L ZA 

~----- }./4 - ------~--- -- % -- ---·:../ 
Fi&. 14.14. Three.stub tuner. This provides a freater matching range 
than a two•stub tuner. z. is the characte r11tlc impedance of the 

feeder. 
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of one quarter-wavelength apar t, as shown in Fig. 14.14. 
The first and third stubs are usually ganged together to avoid 
the long and tedious matching operation which becomes 
necessary when adjustments are made to three infinitely 
variable stubs. 

Quarter-wave Lines 
An impedance transformation can be effected by using a 

certain length of transmission line of a differen t character
istic impedance from the feeder. This may be used to match a 
load to a transmission line. A special condition occurs when 
the length of the section of line is an odd number o f quarter
wavclengths and the following formula then applies : 

Z,= V Z0 .Z1 
where Z t is the characteristic impedance of the sect ion of 
quarter-wave line and Z., and Z1 are the feeder and load 
impedance respectively. For example, if Z., is 80 ohms a nd 
Z1 is 600 ohms: 

z, == y'so x 600 = 251 ohms 

This matching sect ion is useful for transfo rming impedance 
and is called a quarter-wave 1rt111sfor111er: sec Fig. 14.1 5. A 
wider bandwid th match can be obtained by reducing the 
transformation ratio and using a number of quarter-wave 
sections of progressively changing impedance in cascade. 

(A) 

Zt 

(B)zo~'----!l 
~--- ->./4 ----,_l 

Fig. 14. IS. Q uartcr· wave transformers. (A) sh ows a <:onstruct ion 
suitable for ope n-wi,.o lines, :ind (B) i$ the correspo nd ing method for 
coaxial cab le.t. Where a so lid .. diele-ctric sec·tion is us ed, d ue allow· 

a_nce must be made (or the velocity factor. 

It is often convenient to incorporate a quarter-wave 
transformer into a coaxial sleeve balun or the type shown in 
Fig. 14.7 (a). The length of the quarter-wave section will only 
be a physical quarter-wavelength if the inner coaxial trans
former is air spaced but as a qua rter-wave transformer 
usually has an impedance different from that of s tandard 
coaxial cable it has to be fabricated anyway a nd thus this is 
no disadvantage. If a transformer is built into the balun 
shown in Fig. 14.7 (b), the characteristic impedance of the 
right hand quarter-wave section need not be changed since 
it is acting as a " metal msularor. .. 

A section of tapered line can also be used to effect an 
impedance transformation, and an application of the 
principle is described later in this chapter. Again a quarter
wnvclcngth section is only a special case, and co achieve a 
match in a particular ins tallation the line lengths and the 
angle of taper should be varied until a perfect match 1s 
achieved. This form of matching device 1s often called a 
delta matdt. 

Mult iple Fe ed Arrangem ents 
It is ofl'en required to feed two or more aerial arrays, such 

14.10 

TO AERIAL 
A. 

TO AERIAL 
B 

Fig. 14.16. Arrange ments fo r feed inc two ident ical aerial a.n·ays in 
phase using standard coaxial cables. Links between the braiding of 
the cables should be as s ho rt and o r as low an impedance u possible. 

Bra id can be used (or t his purpose. 

as s tacked Yagis, in phase and there arc a number of con
venient ways of doing this using standard impedance coaxial 
cables. Details of one possible arrangement is shown in 
Fig. 14.16. Others can be devised using similar principles. 

AERIAL ARRAYS 

The basic elements of v.h.f. aerial arrays are usually half
wave or fu ll-wave dipoles, depending upon the circum
stances. The cha racteris tics or such dipoles are described in 
Chapter J 3 (H.F. Aeria fs). 

When elements arc arranged together to form a beam 
aerial , the radiation pattern most interesting to amateurs is 
one having a large forward gain. However, by the study of 
beam-aerial polar diagrams it becomes apparent that in the 
course of building up a major lobe, o ther minor or subsidiary 
lobes may be created. No purpose would be served here by 
discussing t hese minor lobes further but it is well to remember 
tha t they exist and do no t necessarily imply an inferior aerial 
arr:.iy although they do represent a loss of power from the 
main lobe. 

Parasitic Arrays: T he Yagi Array 

13y placing a ref/ec1or, usually a resonant element one 
half-wavelength long behind a half-wave dipole, the radiation 
can be concentrated within a narrower angle. Uy adding 
further clements somewhat shorter than one ha lf-wavelength, 
ca lled directors, a t certa in spacings in the fo rward direction, 
a further gain can be achieved. Any aerial a rray which 
employs elements not directly connected to the feed line, 
i.e. parasitic elements, is known :1s a parasiric array. If the 

DI POLE 
REFLECTOR RADIATOR DI RECTORS 

7L/ /_ 
/ 7 ZTION 

· OF 
MAXIMUM 

RADIATION 

Fig. 14.17. Yagi ~rray (4 ~lcmcnts). See> T able 14.3 for t y pia.I 
din,cnsions. 



arrangement consists of a dipole with a rcftcc1or and two or 
more directors it is known as a Yagi array: sec Fig. 14.17. 

When compared wiih other aerial systems o f s imilar size 
the Yagi array is found to have the highest forward gain, and 
it can be constructed in a very robust form. The effect of 
adding the reflector and director(s) is to cause the feed 
impedance of the dipole to fall considerably, often to a value 
of about 10 ohms, and the matching is then cri tical and 
difficult to obtain. This, however, may be overcome by the 
use of a folded-dipole radiator . H the folded dipole has two 
elements o f equal diameter, a 4 : I impedance srcp-up is 
obtained. Oy varying the ratio of the diameters, different 
impedance step-up ratios become available. 

The length of the dipole or folded dipole required for 
resonance depends not only on the frequency but also 10 a 
lesser extent on ratio of the diameter of the clement to the 
wavelength and the distance between the arms of the fold, 
the length required for resonance diminishing as the wave
length/diameter ratio is decreased: see Tahlc 14.2. The 

TABLC: 14.2 
Resonant Lengths of Half-wave Dipoles 

Value of 
( Wavelcncth) (Dipole lensth) Feed 

fmped;ince 
Dia meter Wavelength 

for re!:onance 

so 0 ·458 60·5 ohms 
100 0·-465 61 •0 ohms 
200 0·471 61·6 ohms 
400 0-475 63·6 ohms 

1.000 0·479 65·3 ohms 
~.ooo 0 ·484 67·1 ohms 

10.000 0·486 68 ·1 ohms 
100.000 0·489 69·1 ohms 

The din'lon sion s used in calculating the ratios mun bo In simllo.r units (e.g. 
both In metres or both in ccntimctros). 

Frorn Aerials for Metre and De<imetre Wovelengcl1S by R. A. Sm ith . 

overall length of conductor in the fo lded dipole remains 
approximately constant: as spacing is increased, the length 
of the radiating part is shortened accordingly. 

The forward gain is not appreciably affected by a variation 
of reflector spacing over a range of >./8 to >./4: under these 
conditions the forwa rd gain is approximately at its maximum 
value. A considerable change in feed impedance takes 
place when this spacing is varied and this may be used as 
a convenient form of adjustment. The reflector is usually 
0·5>. long although this should be reduced to about 0·475>. 
for the closer spacing. 

The length of the directors is usually made about 0·43>. 
and the spacing approximately 0·25,\, but experiments have 
shown that where several directors are used, the bandwidth 

Fig. 14.t8. Y;tgi array w ith trigona l rencctors. 
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can be broadened by making them progressively shorter in 
the direction of radiation. The greater the number of 
directors, the higher the gain and the narrower the bcam
width. There is no advantage to be derived from using more 
reflectors spaced behind the first, but the front- to-back ratio 
may be improved somewhat by the use of ndditional re
fkctors :ts shown in Fig. 14.18. These additional reflector 
elements should subtend a fairly wide angle at the farthest 
director to be effective. Jn practice, a trigonal reflector 
element/element spacing of about a quarter-wavelength is 
sufficit:nt. 

TABLE 14.3 
T ypical Dimensions of Yagi Arrays-Parasitic Elements 

Element Lcniith of Element I 
70·3 Mc/• I 14S Mc/• I •n Mc/1 

Reflector 85! in. ~o in. 13t in. 
Diroccor DI Hin. 35! In. 11 in. 
Director Dl 73 in. 35i In. I It in. 
Di rector DJ 72 in. 35 in. 11 In . 
Succeodinn directors I in. leu ! in . less Jin. 1'3.SS 
final dlroctor 2 in, loss I In. loss In. less 
Ono w:ivolongth (for rofcrc1\ce) 168 in. Bi t In. ~in. 
Oh\mctcr r~ngo for length giv~n t-i in . ! - I hi. In. 

Spacinc Between Elementa 

Reflector to radlicor 22! in . 171 In. St in. 
Radiator to director I 29 in. 17 in. S.,;~~· Director I to director 2 19 in. 17 in. 
Director 2 to director 3, etc. 29 in. 17 in. 7 in. 

The: aboYC figures ar·e bucd on a. number of proved Yaci array deJis.ns. IC 
the slot is used two sets of reflectors/dire«ors arc required. one mounted 
above tho other thus forming a stacked array-sec Fis. I ~.22. Match to 
the focdcr e:an be cffccccd by moving the radiator r·cl:ltivc to chc fi rst 
director" and tho roflcctor relative: to the radiator. 

Typical Dime nsions of Yagi Arrays-Driven Ele ments 

Length in Inches 

70·3 Mc/s • ~s Mc/• 433 Mc/s 

Dipole (for uso with g•mm• m•t<h) 79 38 12i 
Diameter r01ngc for length given H H H 

Folded dipole (70 ohm feed) Le ngth in Inches 

(= ~+ 70·3 Mc/s 145 Mc/1 433 Mc/• 

k-.- t ·1T 
I length contrc/co11cro 77t JBl 12·1 
d spacing ccntro/ccntrc 2i t i 
Di:.mctcr 

* 
! 

"l ' 
Length in Inches 

70·3 Mc/1 145 Mc/• 433 Mc/1 

I 2 ·y ·--=i_J : ·/. / 
~Q I 

I 

a ccntro/contro 31 14 SJ 
b centrc/contrc 96 43i 15·1 
Delta food •Oct lons (length 70 ohm 

12 4) recd) 22-l 
Diamcu:ir of slo ' and dclti\ feed -! I t 
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The gain obtainable from a Yagi array compared with a 
half-wave dipole is shown approximately by the cur ve in 
Fig. 14.19. 

The bandwidth for a standing-wave ratio less than 2 : I is 
about 2 per cent for close-spaced beams and about 3 per cent 
for wider spacing. Element lengths, particularly those of the 
directors, are very critical (i.e. within fractions of an inch), 
and ideally telescopic rods should be used to enable fine 
adjustments to be made. Each change of element length 
necessitates a readjustment of the matching either by 
moving the reflector or in the matching device itself. 

Typical clement lengths for spot frequencies in tl1e 4m, 
2m a nd 70cm bands are given in Table 14.3. The lengths are 
based on the assumption that the clement diameter lies 
within the stated limits for the respective bands. Any 
departures from these diameter ranges will necessitate a 
change in the lengths of the elements; for a la rger diameter 
the length will need to be decreased, and vice versa. Pro
vision has been made for simple dipole, fo lded dipole or 
skeleton slot radiating elements. The latter radiator, which 
is described later in the chapter, is the feed system in a 
stacked pair of Yagi arrays, the dimensions of which are the 
same as for a single Yagi array given in Table 14.3. 

Stacked and Bayed Yagi Arrays 

To obta in a greater gain several Yagi arrays can be dis
posed horizontally or vertically or in both directions, the 
radiating clements being fed in phase. Normally, s1acki11g 
rofcrs to vert ical addition and baying to horizontal. It is 
important to remember that with stacking the effective 
height of the aerial above the ground is half way between the 
lowest a nd highest individual a rrnys and thus the advantage 
of increased gain may be reduced- sec Height of Aerial above 
Ground on page 14.3. Typical optimum stacking distances 
arc shown in Table 14.4. The optimum stacking distance will 

TABLE 14.4 
Optimum Sc.eking Distance for Yat:i Arrays 

Centre·t o•cGntre Stacking D ist.nee 
Yari Arr'1y 

70·3 Mc/1 145 Mc/s I 433 M~/• 

J clc':1.'cnt 84 in. - -
4 108 in. 82 in. -
8 .. - 120 in . -

10 .. - 132 in. 44 in . 
M .. - - 66 in. 
24 .. - - -
4·ovcr-4;slot fed - 120 in. 40 in. 

I 
6·ovcr·6 slot fed - 147 In. 49 in. 
8·ovcr·8 slot fed - 160 in . 53 in. 

Will• aeknowlcdrmcnts 10 /·Beam Aerials ltd. 

depend on the gain of the individual Yagi arrays and is the 
distance at which the apen ures of each array just touch. 
Where the vertical and horizontal beamwidths of an in
dividual array are approximately the same, i.e. \\~th five o r 
more elements, the optimum stacking distance will be 
approximately the same, both horizontally and vertically; 
this distance varies from about 0·75.\ for an array of 4-
elcmcnt Yagis to about 2·0.\ or more for 8-elcment Yagis. 
For practical reasons the spacing is usually less than opti
mum and there is a consequent reduction in the total gain. ft 
was stated earlier that the increase in gain obtainable by 
stacking two identical arrays in such a way that their 
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Fig. 14.19. Design information for Yagi aerials. Curve A shows the 
optimum boom le ngth in wavelengths for any number of elements. 
Curvo B s hows the maximum gain that C'1n be expected when the 

design information o( Curve A is used. 
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capture areas do not overlap is simply two times (i.e. 3db), 
but in practice this can sometimes be exceeded if there is a 
suitably favourable degree of coupling between the two 
arrays: for example, a pair of three element Yagi arrays 
could be made to yield an increase of 4·2db. However, the 
increase usually proves to be less than the theoretical 3db 
and a figure of 2·2-2·5db is all that can be ordinarily ex
pected. 

T heoretically the feed impedance of a stacked array is the 
feed impedance of an individual Yagi array divided by the 
tota l number of Yagis employed; in practice the feed 
impedance of stacked Yagis is slightly less than th is because 
of interaction between each Yagi array although this re
duction is not so marked at the greater spacings. 

Disadvantages of Conventional Yagi Arrays 

Perhaps the most important disadvantage is that the 
variation of the element lengths and spacings causes inter
related changes in the feed impedance of a Yagi array. To 
obtain the maximum possible forward gain experimentally is 
extremely difficult because for each change of element length 
it is necessary to readjust the matching either by moving the 
reflector or by resetting a ma1ching device. A method has 
been devised, however, for overcoming these practical 
disadvantages by the use of a radiating element in the form of 
a ske/e1011 slot, this being far less susceptible to the changes in 
impedance caused by changes in the parasitic-element 
lengths. This development is due to B. SYKES, G2HCG. 

A true slot would be a slot cut in an infinite sheet of metal, 
and such a slot when approximately one half-wavelength 
long would behave in a similar way to a dipole radiator. ln 
contrast wi th a dipole, however, the polarization produced 
by >\ vertica l slot is horizontal (i.e. the electric field is hori
zor1tal). 

The skeleton slot was developed in the course of experi
ments to determine to what extent the infinite sheet of metal 
could be reduced before the slot aerial lost its radiating 
property. The limit of the reduction for satisfactory perfom1-
:u1cc was found to occur when there remained approxi· 
matcly one half-wavelength of metal beyond the slot edges. 
Further experiments showed that a thin rod bent to form 
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Fi2. 14.20. Developme nt of a skeleton·slot radiator froni two half· 
wave dipoles sp:i.ce.d fiv(!·eighths of a wnvcleneth apart. 

a '' skeleton slot " of dimensions approximately 5>./8 x 
5,\/24 exhibited similar properties to those of a true slot. 
The manner in which a skeleton slot functions can be 
understood by referring to the diagrams in Fig. 14.20. 
Consider two half-wave dipoles spaced vertically by 5,\/8. 
Since the greater part of the radiation from each dipole takes 
place at the current anti-node, i.e. the centre, the ends of 1he 
dipoles may be bent without serious effect. These ends may 
now be joined together with a high-impedance feeder, so that 
end-feeding can be applied to the bent dipoles. To radiate in 
phase, the power should be fed midway between the two 
dipoles. The high impedance a t this point rnay be trans
formed down to one suitable for the type of feeder in use by 
means of a tapered matching-section tmnsmission line (i.e. 
a delta match). Practical dimensions of a skeleton-slot 
radiator are given in Fig. 14.21. 

It is important to note that two sets of parasitic clements 
are required wi th a skeleton-slot radiator and not one set as 
required with a true slot. One further property of the 
skeleton slot is that its bandwidth is somewhat greater than a 
pair of stacked dipoles. A d isadvantage o f the basic slot-fed 
beam is that the spacing between upper and lower sets of 
parasitic elements is not optimum and thus the gain increase --- J s ~ lnchu ... F 

w 2250 onchu 
f 

s 1-<·-Zo 
[f = f rcquqncy i .. M</s J 
Zo 276 109,0 ~ 

L~===t 
w- j 

Fig. 14.21. Dim ensional relationshi ps o( :l skclcton~slot ra.diatot"· 
Both Sand W may be varied experimentally froni t h e valuet indi· 
cated by these formulae. For small variations the radiation 
characte ristics of the slot will not change aro:ttly, but tho feed 
impedan ce will undergo appreciable change nnd therefore the 
length of the dclt.:i matchinr section should alway• bo adjusted to 

a,ive a perfect match to the transmi u:ion line. 

V.H.F./U.H.F. AERIALS 

is less than 3db compared wi th the equivalent single Yagi. 
This is increasingly so with slot-fed beams arrays having a 
greater number of parasitic elements. 

Stacked Skeleton Slot Yagi Arrays 

Skeleton slot Yagi arrays may be stacked to increase the 
gain but the considerations of optimum stacking distance 
previously discussed apply; in this case the centre-to-centre 
spacing of a pair of skeleton slot Yagi arrays should vary 
between l.\ and 3,\ or more according to the number of 
elements in each Yagi array. 

Each skeleton slot Yagi array may be fed by 72 ohm 
coaxial cable, using equal lengths of feeder 10 some common 
feed point for the stacked array, and it would of course be 
desirable to use a balun at the point where the cable is 
attached to each array. A coaxial quarter-wave transformer 
can be used to transform the impedance to that of the main 
feeder. For example, if a pair of skeleton slot Yagi arrays, 
each of 72 ohms feed impedance, is stacked, the combined 
impedance will be one-half of 72 ohms, i.e. 36 ohms; this 
may be transformed to 72 ohms by the use of a quarter-wa\·e 
section of 52 ohm coaxial cable, allowance being made for its 
veloci ty facto r. Larger assemblies of skeleton slot Yagi 
arrays can be fed in a similar manner by joining pairs and 
introducing quarter-wave transformers until only one feed is 
needed for the whole array. 

The Long Yagi 

The gain of the Yagi depends upon the number of directors 
and thus its length as already shown in Fig. 14.19. The term 
long Yagi has been applied to arrays with, say, eight or more 
directors. Such arrays have become popular in recent 
years, largely clue to the work of W2NLY aocl W6QKI. 
The construction of a typical Long Yagi is described on 
page 14.23. 

Stacked Dipo le Arrays 

Both horizontal and vertical beam widths can be reduced 
and gain increased by building up arrays of driven dipoles. 
This arrangement is usually referred to merely as a stack or 
sometimes as a bill-board or broadside array. Since this type 
of array is constituted from a number of radiating dipoles. 
the feed impedance would be extremely low if the dipoles 
were centre-fed. However, the impedance to earth of a 
dipole at its end is high, the precise value depending upon 
the ratio of its length to diameter, and it will therefore be 
more convenient to use a balanced high-impedance feeder 
to end-feed a pair of collinear half-wave dipoles, a system 
called a f11/l-wai1e dipole. The length for resonance and the 
feed impedance in terms of wavelength/diameter rat io is 
shown in Table 14.S. 

The full-wave dipoles are usually mounted with a ccntrc
to~cntre spacing, horizontally and vertically, of one balf
wavelength and are fed in phase. Typical arrangements for 
s1acks of full-wave dipoles are shown in Fig. 14.22. Note that 
the feed wires between dipoles are one half-wavelength long 
and are crossed so that all dipoles in each bay are fed in 
phase. The impedance of these phasing sections is unim
portant provided that the separators, if used, arc made of 
low-loss dielectric material and that there is sufficiently wide 
separation at the cross-over points to prevent unintentional 
contact. 
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To obtain the radiation pattern expected, a ll dipoles 
should be fed with equal amounts of power (as indeed would 
be desirable in any multi-radiator array), but this may not be 
achieved in practice because those which are at the edges of 
the array have least mutual coupling to other dipoles and 
therefore have different radiation resistances. However, 
by locating the main feed point as nearly symmetrically 
as possible these effects are minimized. Hence it would 
be preferable fo r the aerial shown at (A) in Fig. 14.22 to 
be fed in the centre of each bay of dipoles; the feeder to 

each bay must be connected as shown to ensure that the two 
bays are fed in phase. If they were fed 180° out-of-phase the 
resultant beam pattern would have two major side lobes and 
there would be very little power radiated in the desired 
direction. The diagram (B) in F ig . 14.22 shows two vertically 
stacked bays o f full-wave dipoles fed symmetrically and in 
phase. 

>-12 + - ·°'/2 

(B) 
=y=---:;2 

+ ·-.,,·----
>-12 

Fig. 14.12. Typical s tacks of full-wave dipoles. Note that the feed
point Fis equi·dist-ant from each bay of dipoles. E)(amples of lengths 

are eivon in Tabla 14.S. 
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Diagram (C) in Fig. 14.22 shows one vertically stacked 
bay of full-wave dipoles fed symmetrically half way between 
the centre pair of dipoles. 

The spacing at tl1e centre of each full-wave dipole should 
be sufficient to prevent a reduction of the resonant frequency 
by the capacity between the ends. ln practice this spacing is 
usually about I in. for the 1454 a nd 433 Mc/s bands. 

Matching can be carried out by the use of movable short
circuited open-wire stubs on the feed lines. 

As with the Yagi array, the gain can be increased by 
placing half-wave reOcctors behind the radiating elements at 
a spacing of 0· 1-0· 251\, a figure of O· I 25A being frequently 
chosen. A perfect plane reflector will y ield a gain of 6db 
compared with the 3db obtainable from a rod reflector. 
For the 433 Mc/s band and for higher frequencies, a p lane 
reOcctor made up of 1 in. mesh wire netting stretched on a 
frame can be used in place. of the resonant reflector at a 
similar spacing. T he mesh of the wire should be so orientated 
that the interlocking twists are parallel to the dipole. The 
wire netting should extend at least one half-wavelength 
l'eyoncl the extremities of the dipo les in order to ensure a high 
fr ont -10-back ratio. 

TABLE 14.S 
Resonant L.enrcn~ v: Fulf·w:Lvc O ipo!cs . 

Value of 
(W~vclensth) ( Oipole lencth) Feed 

Impedance 
Diameter Wavcleneth 

at resonance 

so 0 ·85 500 ohm• 
100 0·87 900 ohms 
ISO 0 ·88 1100 ohms 
100 0·896 1300 ohms 
300 0·906 1500 ohms 
-400 0·916 1700 ohms 
700 0 ·926 2000 ohms 

1.000 0·937 2400 ohms 
2.000 0·945 3000 ohms 
4.000 0·9S I 3600 ohms 

10,000 0·9S8 4600 ohms 

The dimensions used in a.lculuini the: ntio.s must be in similar units (o.g 
both in metres or both in canc.imecres). 

From Aerials for Meire and Decimetre Wavelengths by R. A. Smith. 

The half-wave sections of the full-wave dipole should be 
supported at the current anti-nodes, i.e. at their centres, either 
on small insulators or in suitably drilled wooden vertical 
members. Supports should not be mounted parallel to the 
elements because of possible influence on the properties of 
the aerial. 

The bandwidth of this type of aerial is exceptionally large 
and its adjustments generally are far Jess critical than those of 
Yagi arrays. 

For a stack having a wire-net reflector extending ),/2 
beyond the extremities of the dipoles, the horizontal bcam
width 0, vertical bcamwidth </>and power gain G (compared 
with an isotropic radiator) can be calculated approximately 
from the following formulae: 

51i\ 5JA 4-rrab 
O= a .P=b G=~ 

where a and b arc the horizontal and vertical dimensions of 
the reflector respectively, both being expressed in the same 
units as the wavelength. 

These formulae arc true only for an array which is large 
compared with the wavelength, but are suitable as a criterion 
fo r judging aerials o f any type provided the equivalent 
aperture o r capture area is lrnown. 



Skeleton Slots in Stack 

Skeleton slots can be used to replace vertically disposed 
pairs of half-wave dipoles. As the optimum vertical dimen
sion for a horizontally polarized skeleton slot is approxi
mately 5)./8, it is no longer possible to use the vertical 
spacings shown for full-wave stacks. T he slots arc mounted 
vertically at a centre-to-centre spacing of one wavelength 
and fed through a tapered matching section, as for che 
skeleton-slot Yagi array, and arc then connccccd co the 
phasing lines. Since the spacing between feed points is one 
wavelength there is no phase difference and it is unnecessary 
to transpose the phasing wires. The tapered matching 
sections should be adjusted to present au impedance of N 
times the desired feeder-cable impedance where N is the 
number of skeleton slots employed. The impedance resulting 
from the connection of all the feed points together will then 
equal the cable impedance. 

A broadside array of skeleton slots may be built up by 
adding further slots horizontally at a centre-to-centre spacing 
of one half-wavelength. 

Disadvantage of Multi-element Arrays 

As the frequency becomes higher and the wavelength 
becomes shorter, it is possible to construct arrays of much 
higher gain although, as already described, the advantage is 
offset by the reduction in capture area when used for receiv
ing. However, if the practice already described, that of using 
many driven or parasitic elements, either in line or in stack, is 
adopted, the complications of feed ing become increasingly 
greater. Also as the frequency increases, the radiation-loss 
from open-wire lines and from phasing and matching 
sections likewise increases, and it is then difficult to ensure 
an equal power-feed to a number of radiators. Preferably, 
therefore, the aerial should have a minimum number of 
radiating or other critical elements, such as resonant re
flectors or directors. There are many aerials in this category 
but only those having immediate amateur application are 
described here. 

The Cubical Quad 

The cubical quad aerial has proved highly successful 
for v.h.f. use especially indoors where its properties are 
almost unaffected by the close proximity o f building struc
tures in contrast to the Yagi array, the high Q clements 
of which are detuned with the result that its performance is 
markedly changed. 

The basic cubical quad (Fig. 14.23) can be constructed 
using copper wire of -fr in. or a in. diameter. The rcncctor 
square can either be made larger than the radiator by about 
5 per cent in total length or alternatively can have its length 
extended electrically by inserting a small inductive stub at a 
current anti-node, i.e. short circuited and considerably less 
than a quarter-wave in length. A variation of the quad, 
developed by G2PU, known as the bi-square, has two 
symetrically disposed inductive stubs located at current 
anti-nodes in the reflector which ensures current symmetry 
in the reflector and hence no beam tilt (see Fig. 14.24). 
V.H.F. bi-square aerials are usually constructed from i in. 
diameter tube, a lthough wire can be used . 

The gain of a quarter-wave square cubical quad is 5·5 to 
6db but this can be increased by using a director square in 
front of the radiator. This square can either be some 5 per 

FEEDER 

(A) 

(B) 

V.H.F.(U.H.F. AERIALS 
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Fiir. 14.23. Development of a cubii;al q uad aerial from a pa.ir of di pol"" 
a nd reOectors. In (A) the reOectors arc A/l lon e llnd the d ipole 
radiato r len~hs for resonance are approximately 0 ·48), In (B) the 
elements have been bent to form two squares, the c:ombined re· 
f1ector having sides 0·25/. long and the combined rad iator having 
sid41 0•24A long. The two squares can be made equal in Jixe by tho 

mot no d shown in Fig. 14.24. 

cent shorter in total length than the radiator or have a short 
capacitive stub inserted, i.e. open circuited and considerably 
less than a quarter-wave. This increases the gain by about 
1 ·5db. It is unusual to see more than one director although 
there is no reason why the Yagi principle of multiple direc
tors cannot be applied. 

Two band arrays can conveniently be placed ooe inside 
the other as no significant interaction occurs. In the case of a 
quad without a di rector, the wires can be attached to bamboo 
spreaders originating from one central mult iple Xhaving eight 
arms. In the case of the quad with director, three separate 
bamboo X spreaders can be located on a single boom. Tn all, 
the array is non-critical. has a wide bandwidth and is ideal 
for home construction with limited facilit ies. It will pay to 
experiment both with stub lengths and reflector/radiator/ 
director spacing to achieve the maximum gain with minimum 
feeder s.w.r. in any particular environment. 

STUB 

FEEDER 

Fig. 14.24. T ho bi· 
square aerial m ay be 
fitted with small stubs 
in the rene.ctor ele
ment so th~t all th8 
side_, of both rcncctor 
and radiator" can be 
made equal in lcnith 
(appr oximately 0·24>.). 
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TABLE 14.6 

(o) (b) 

Renector Radiator Approx. length 
I l ' Director of stubs if used 

Band toul total (if used) renec· di rec· Spacing 
lencth • lcnath 'I t or s/c tor s/c 

70 Mc/s 17) in. 165 in. 157 in. - - 34 in. 
(>) 

165 In. 8 in. 8 in. 34 in. 70 Mc/s 165 in. 165 in. 
(b) 

76 in. 16 in. 1+4 Mc/s Si in. 80 in. - -
(•) 

44 in. 4 in. 16 in. 1+4 Mc/s 80 in. 80 in . 80 in. 
(b) 

Tho total length or the r=di;n,or is just less than one wavelength in total 
(•bout 0·98 x ).). The stub In (b) should be adjusted in length for moximum 
forward goin. The goln is obout S~ to 6db. Elements ore made lrom i in. 
di;imeter copper wire although tho diameter is not critieal. Insulators can 
bo mado from polystyrene or polythcno about I! in. wide. Stub lengths 
should be adjusted ror optimum pcrl9rn10ncc. 

•each side is one quarter this 
0

l<>ogth. 

Typical dimensions for both quarter- and half-wave types 
of quads are shown in Tables 14.6 and 14.7. 

Jn Table 14.6 dimensions are given for typical quarter 
wave types with and without stubs. The half-wave quad 
has an additional insulator half way along the top conduc
tor of all elements of the squares shown in Table 14.6 i.e. 
symmetrically opposite the feed or stub points. The feed 
impedance is high (between 2 and 4 1housand ohms) and 
this may be transformed down to 75 ohms by means of a 
quarter-wave transformer. 

TABLE 14.7 
Half-wave cubical quad. 

Gain without di rector 10db: with director ll·Sdb 

Approximate 
Reflector R:adiator Di recto r lensth of stub$ 

Band T otal T otal (if used) if used Spacini 
len1th lan1th 

Reflector Oirector 
S/ C O /C 

1+4 Mc/s IHin. 161 In. IS'I i~. - - 16 in. 
1+4 Mc/s IMin. 16'1 In. 16'1 in. 10 in. 10 in. 16 in. 
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Corner Reflector 

The use of a metallic plane reflector spaced behind a 
radiat ing dipole has already been discussed. If this reflector 
is bent to form a V, as shown in Fig. 14.25, a considerably 
higher gain is achieved. The critical factors in the design of 

Fig. 14.25. Corner rcRoctor. Tho hair-wave dipole 
radiator is spaced paralle l with the vertex of the re· 
n~c::tor :it a dista.nco S. Its chi\racteristic' are shown in 

Figs. 14.16 and 14.27. For dimensions, see Table 14.9. 

such an aerial array :ire the corner angle a and the dipole/ 
vertex spacing S. The curves in Fig. 14.26 show that as "' is 
reduced, the gain theoretically obt:iinable becomes pro
gressively greater. However, at the same time the feed 
impedance of 1he dipole radia1or (Fig. 14.26) falls to a very 
low value, as can be seen from f ig. 14.27: this makes match-
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Fig. 14.26. Theoratic~I power gain obtained by using a corner re· 
Re~tor with a half-wave dipole radiator: see Fig. 14.21. 

ing difficult and hence u compromise has to be reached. Jn 
practice the angle o: is usually made 90° or 60°; adjustments 
in a 60° corner arc a lilllc more critical although the maxi
mum obtainable gain is higher. The final matching of the 
radiator to the line may be carried out by adjusting the 
distance S, which :is seen from Fig. 14.26 does not greatly 
affect the gain over a useful range of variation but causes a 
considerable change in feed impedance (see Fig. 14.27). 
A two-stub tuner may also prove helpful in making final 
adjustments. 

The length of the sides L of the reflector should exceed 
two wavelengths to secure the characteristics indicated by 
Figs. 14.26 and 14.27, and the reflector width W should be 
greater than one wavelength for a half-wave dipole radiator. 
The reflecting sheet may be constructed of wire-netting as 
described previously or alternatively may be fabricated from 
metal spines arranged in a V-formation, all of them being 
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F ig. 14.21. Feed impedanco or a ha tr-wave dipolo provided 
with a corner renoctor: s.ce Fie. 14.21. 

parallel to the radiator: see Fig. 14.28. The spacing between 
adjacent rods should not exceed 0· J ,\ and the length of the 
rods is 0·6,\ for a half-wave driven element. 

A useful approximat ion for the power gain G referred to a 
half-wave dipole is G = 300/a, where a is the angle between 
the sides measured in degrees. 

The maximum dipole/vertex spacing S included in the 
curves shown in Figs. 14.26 and 14.27 is one half-wavclengi.h. 
Spacings greater than this would require rather cumbersome 
constructions at lower frequencies, but at the higher fre
quencies larger spacings become practicable, and higher 
gains can then be obtained. This indicates that the corner 
reflector can become a specially attractive proposition for 
the 1296 Mc/s band, but the width across the opening should 
be in excess of 4.>. to achieve the results shown. Dimensions 
for 60°, 13db gain corner rcOcctors for 145, 433 and 1296 
Mc/s are given in Table 14.8. 

Fig. 14.28. The corner re· 
flector s hown in Fig. 14.lS 
can be modified by using a 
set of metal spines arranged 
in V-fo,.mation to r eplace 
tho sheet-metal or w ire· 

net.ting reflector. 

V.H.F.[U.H.F. AERIALS 

TABLE 14.8 
Dimensions for a 60" corner r~Occtor aeria l syscom civinc a. 1-ain of 
about lldb. The feed impedance of the dipole radiator is 75 ohm•. 

The. apex may be hinged (o,. port.able work. 

I 
I 
I . .. I . 

Dimonslo ns in Inches 
Band --p---.- - d- --v- --;;--A-- __ u_I ___ 

145 ooojt-6-3e-50100_t_l'68 
430 35 13! It 121 20 35 27! 

1296 12 4! 4 8 11 • 9i 

The resulting aerial has a performance very little different 
from the corner-reflector type and presents rewcr mechanical 
problems since the plane centre portion is relatively easy to 
mount on the mast and the sides arc considerably shorter. 

The gain or both corner rcncctors and trough reflectors 
may be increased still rurthcr by stacking two or more and 

PLANE 

A 

I 
I . 
: 
I . 
y 

Fig. 14.29. Troueh renector 
This is a useful modification 
of the corner reflector 
shown in Fig. 14.25. Th6 
vertex has been cut off and 
replaced by a simple plane 

1ect.ion . 

arranging them to radiate in phase, or alternatively by adding 
further coll inear dipoles within a wider reflector similarly fed 
in phase. Not more than two or three radiating units should 
be used since tJ1e great virtue of the simple reeder arrange
ment would then be lost. 

TABLE 14.9 
T rough Reflector Corner/T rough RcOector 

To reduce the overall dimensions of a large corner re
Dector the vertex can be cut off and replaced with a plane 
reflector, such an arrangement is known as a trough reflector: 
see Fig. 14.29. Similar performance to that o f 1he large comer 
reBector can thereby be achieved provided that the dimen-

Angle 

" 
90° 
60° 
45° 

Valuo or S for 
m"ximum a::iin 

1·5). 
1 ·25~ 
2·0). 

Gain Va lue or 
T 

lldb 1>.-1·25). 
ISdb 1·0), 
17db 1·9). 

sions of the trough do not exceed the limits indicated in This cable shows the gain obtainable for &rener values or S chan . c ho.se 
Table 14.9. covered by Fig. 14.26, ;usuminc th:at the refle.c-c.or 1s 0L1dequue size. 
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Trough Reflector s for 433 a nd 1296 Mc/s 

Dimensions are given in Table 14.10 for 433 and 1296 Mc/s 
trough reflectors. The gain to be expected is 15db and J 7db 
respectively. A very convenient arrangement , especially for 
portable work, is to use a meta l hinge at each angle of the 
reflector. T his permits the reflec to r to be folded flat for 
tra nsit. It also permits experiments lo be carried out with 
different apex angles. 

A housing wil l be required at the dipole centre lo prevent 
the ingress of moisture and a lso, in the case of the 433 Mc/s 
aerial, to support the dipole elements. The dipole may be 
moved in and out of the reflector to achic' e either minimum 
standing wave ratio or, if this cannot be measured, for 
maximum gain. If a two stub tuner or other matching 
device is used, tbe dipole may be placed to give opt imum 
gain and the matching device adjus ted lo give optimum 
match. In the case of the J 296 Mc/s ae rial, the dipole 
length can be adjusted by means of the brass screws at the 
ends of the elements. Locking nuts arc essent ial. 

TABLE 14.10 

Trough Reflectors for 433 and 1296 Mc/s 

e U BRASS 
SCR EW AT '-.... 
EACH ENO . 
Ti) ADJUST LENGTH 
O;: DIPO LE 

-I j<- ~?f u ,, 

BRASS t~ 

DIPOLE hMD 
BA LUN ASSEMBLY 

1 

T ube I T ube 
Dimensions in Inches I 2 

Band -- Brus OI"" Gain 
A p q r w t u ( v copper 

--.--1--- 1 

..ii i 11 . n in. 
w•ll wall __ , _____ ._ - --- ------ -

1296 15 36 9t 2! 20 2t ! 4f fin. I in. ISdb 

J I 
i.d. 02g· 

s.w.g. 
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The reflector should be made of sheet aluminium for 
1296 Mc/s but can be constructed of wire mesh (with twists 
parallel to the dipole) for 433 Me/s. To increase the gain by 
3db a pair can be stacked so tha t the reOcctors are just not 
touching (to avoid a slot radiator being formed by the edges). 
The radiating dipoles must then be fed in phase and sui table 
feeding and matching must be arranged. A two stub tuner 
can usefu lly be used for matching either for a single or 
double renector system. 

The Reflex Aerial 

The reflex aerial, shown in Fig. 14.30, comprises a radia ting 
dipole located in front of a large reflecting sheet with a 
grating type of structure mounted in front of and parallel to 
the dipole. The total gain attainable wi th this aerial system 
is about 12db. 

PLAME 
REFLECTOR 

Fig. 14.lOs Renex a erial. Note the a rid. like structure in 
fron t of t he d ipole radiator. The plane rcRccto r be hind 
t he radiator may be made of sheet m e tal o r wire netti ng 

(I in . m e sh for 4JJ Mc/s; t in. muh for 1296 Mc/a). 

The dipole has a feed impedance of about 120 ohms and 
can be fed from a coaxial cable wi th a suitable matching 
device and balun. An arrangement that has been used 
successfully at 1296 Mc/s is to feed the dipole from open 
lines some 3! in. long between the coaxial cable and the 
dipole (sec Fig. 14.31). An open ci rcui ted stub is then 
adjusted in position and length to give maximum fo rward 
radiat io n as detected by a d ipole wi th crys tal de tecto r and 
microammetcr at about 20 ft. distant. A typical fin al 
setting resulted in the stub about I ~· in. long al about I in. 
from the coaxial feeder. No balun was used. The perfo rm-

COAXIAL 
FEEOEI\ 

TntH IN LEHCTH AHO 
ADJUST IN PO SITION 
(SOLDER OH) -SEE TCXT 

Fig. 14.31. A possible feed arl"angeme nt fo r a 1296 Mc/1 ren~x a erial. 



ance o f the aerial adjusted in this way proved to be very 
satisfactory. 

Typical dimensions for the 433 Mc/s and 1296 Mc/s 
bands arc shown in Table 14.11. There is no advantage 
in increasing the reflector size beyond about two wavelengths 
square since above this size the oblique radiation from the 
dipole is so slight that little further gain can be achieved. 
However, the gain may be increased by adding further reflex 
aeria ls either horizont<llly or vertically as desired and feeding 
them so as to radiate in phase. 

TABLE 14.11 
Typical dimensions of a r"flex aerial for 4ll Mc/s and 1296 Mc/s. 
W ith these dimensions the gain should be 11- l ldb. If the si:rc of the 
,.efloctor D is incr·eased to ?-wavelengths squal"'e. the ~a.in rises to 

about 16db. 

~ '°'' ...... Band 0 h d d iam. ----- -
length diam. 

133 Mc/s 30 In. ~ 7t in. ~ llt in. ~ 
119~ Mc/s tB in. 4 in. lt in . It in. '1t in. tin. 

T he Parabolic Renector 

The principle of the parabolic reOector as used for light 
waves is well known. Such a retlector may be used for radio 
waves, although the properties are somewhat different 
because the ratio of the diameter of the reflector to the 
wavelength is not extremely large, as it is in the case of light 
waves. If a radiator is placed at the focus of a paraboloid 
and if most of the energy is directed back into the "dish," a 
narrow beam wi ll be produced. Assuming that the energy is 
uniformly distributed over the dish, the angular width of the 
beam o will depend o n the diameter of the reflector A 
approximately according to the formula o = SSA/A, where 
A is expressed in wavelengths. To avoid the obvious 
difficulties in making a parabolic reflector from sheet mcial , a 
skeleton form of construction of wire netting stretched over 
wooden ribs may be found successful for frequencies up to 
1500 Mc/s but as the wavelenglh becomes shorter 1he overall 
surface contour of the reflector must approach that of the 
true paraboloid more closely. 

A suitable parabolic reflector for the 1296 Mc/sand 2400 
Mc/s bands may be 1-3ft. in diameter. T he radiator element 
is usually a half-wave dipole having a resonant reR~ctor in the 
form of a disc one half-wavelength in diameter mounted one 

V.H.F./U.H.F. AERlALS 

Example or an amateur built parabolic 3erial. 

quarlcr-wavclengLh in front of the dipole lo reflect the radia
tion back into the parabolic dish. The centre of the dipole 
should be accurately positioned at the focus of the parabola. 
A balun transformer of the coaxial-sleeve t)'Pe may be 
mounted on the feed stem. 

A typical aerial assembly with a suitable feeder arrange
ment is shown in Fig. 14.32. For this system a two-stub tuner 
will be found particularly convenient. The curve of the dish 
must not deviate from a true parabola by more than ">../12 
at any point and thus the higher the frequency the more 
difficult it. is to make a satisfactory reflector. Where wire 
mesh and ribs are used, the approximation to the true 
parabola must still be within A/12 and the diameter of the 
holes in the mesh should also not exceed this anrnunt. The 
radiator assembly can be based on the design given in 
Table 14.10 for the trough reflector. An alternative feed 
arrangement that has been used very successfully at 1296 Mc/s 
is shown in Fig. 14.34. 

In the 5000 to 10,000 Mc/s region it is normal to use a 
wave guide feed either having a resonant dipole or alterna
tively a horn radiator. 

Fia. 14.31. Typical design for 
a paraboli c roOector and 
fe~der arrangement. The 
d ipole should ba :it the 
focut of tha. parabola. To 
achieve rnaximum pin the 
distanco S thou ld be made 
2djugt:iblc. The c.oaxial
s1eovc b:\lun should be set 

boiclc rrom the dipolei. 

DISC 
REFLECTOR 

-r 
I 

·~=====~~1~· -:;: 72 
I 
I 

l 
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y 
PARUOUC 
CU~VE 

Fie. 14.33. Para.bol ic curve: cqu3tion yt = 4 Sx. The curve is the 
locus of points cqui·d ist.ant from a. fixed point, the focus F. and a 
fixed line AB, called the directrix, i.e. FP = PC. The focus F h~s the 

co-ordinates (S, OJ. 

I\ parabolic shape can be computed by plotting the curve 
y• = 4Sx (sec Fig. 14.33). lf a suitable template is con
structed from this formu la, a complete dish can be fabricated 
using the template for reference purposes. 

The gain of a parabolic reflector aerial system depends 
upon the diameter of Lhe dish and the illumination of the 
dish from the fccdpoint. Ideally, there should be a minimum 
radiation of energy from the feedpoint in directions other 
than into the dish. On transmission a spill-over from the 
feed point represents a loss of possible gain and, in recept ion, 
may result in space commwlication in the interception of 
unwanted hot body radia tion from the earth, i.e. noise. A 
complete discussion of feed systems for parabolic renectors 
is, however, outside the scope of this handbook. 

s,,; % 
·02s" 1<All 

O·SOO~ 

D·28SH 

0·48n 
: 4·46'' 

DISC 

Fie. 14.34. D ipole/ rcflcc-tor symmetric feed arnncement for a 1296 
Mc/s parabolic r·encctor. One half of the dipole is soldered at A. 
The other half is threaded 6 B.A. and is screwed into the centre 

conductor at 0. It Is finally soldered to the outer tube :at B. 
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TABLE 14. 12 
Parabo li c ReOector 

Ga.in for various dish diametcr·s 

Galn 

!Odb---isdb2odb2Sdbj~ 
-- - ----1----1----1--~~1----{--~ 

433 Meis 
1296 Mc/s 
2400 Mc/s 
10,000 Mc/s 

3rc. 
lft. 

Sft. 
lit. 
Ht. 

1or,. 
3·S ft 
lit. 

15 fl. 
61t. 
lit. 

30ft. 
llft. 
4 r,. 
l ·Slt. 

These arc approximate: figures. Tho ac.tuill g3in :ichiov:-blc w ill <.l c pend 
upon thQ focd arr;mgements and upon the 3cc:uracy of the refl ector relative 

to a true parabola. 

The H elical Aerial 

Another simple bea'm aerial possessing high gain and 
wide-band frequency characteristics simultaneously is the 
helical aerial: see Fig, 14.35 and Table 14.13. When the 
circumference of the helix is of the order or one wavelength 
axia l radiation occurs; i.e. the maximum field strength is 
found to lie along the axis of the helix. This radiation is 
circularly polarized, the sense of the polar;zation depending 
on whether the helix has a right- or left-hand thread viewed 
from the driven end 

PLANE - · 
~EFLECTOR 

,,.. ___ ___ L~------>i 

MAXIMUM 
RADIATION 

Fig. 14.35. The helical aerial . The plane reflector may take tho form 
of a dartboard type of wire grid. The dimensions given in Table 
14.13 arc based on a pitch angle of 12 degrees. The heli x, which may 
b e wound o f copper tube or wire the actual diameter of wh ich is not 

rritical, must be supported by low loss insulators. 

If a pick-up dipole is used to explore the field in the 
direction of maximum radiation, the signal received by this 
dipole will show no change of ampliiude as it is rotated 
through 360°, thus indicating true circular polarization. At 
any point lo the side of the helix the wave will be elliptica lly 
polarized, i.e. the horizontal and vertica l components will be 
or unequal strength. 

A. helix may be used to receive the circularly polarized 
waves radiated from a transmitting hel ix, but care must be 
taken to ensure that the receiving helix has a thread of the 
same sense as the radiator ; if a thread of the wrong sense is 
used, the received signal will be very considerably weaker. 

The propert ies of the helical aerial are determined by the 
diameter of the spiral D and the pitch P and depend upon 
the resullant effect of the radiation taking place a ll a long 
tht: helical conductor. The gain of the aerial depends on the 
number of turns in the helix. The diameter of the rencctor R 
should be at least OJ1e half-wavelength. The diameter of the 
helix D should be about >./3 and the pitch P about >./4. 

It will be seen from Table 14.13 that the feed impedance 
is then about 140 ohms unbalanced; this may be transformed 
to the feeder impedance by means of a quarter wave trans
former or a two stub tuner. 



It is imponant to note that the gain figures quoted will 
only be achieved if a circularly polarized aerial of the same 
sense, such as a helix, is used for reception. If a plane 
polarized aerial, such as a dipole, is used there will be a loss 
of Jdb. 

TA BLE 14. 13 
The Helical Ae.r·ial-Dimens;ions ~nd Performance 

Band 
Dimensions 

D R p a d 

General 0·32). 0·8). 0·12.X O·ll), 

433 Mc/s at in. ll in. 6 in. 3 In. tin. 

1296 Mc/s l in 7 in. 2 in. Ii in. tin. to 
tin. 

I 

I 
Turns 6 8 10 12 20 

G•ln 12db 14db ISdb 16db 17db 

Bcamwidth 4r! 41° 36· 31° 24• 

--
The Cilin 3nd bcamwidth or the helical aerial is dependent upon tha total 

number or turns as shown above. 

B•ndw'dth = 0·75 to I·)). 

Feed impeda.nce = 140 x circumference ohms 

Bcimwidth 

The Lo ng Helix 

. tlnliO 
~ V n-'---- degrees 

NO turns. 

/\s with lhe Yagi, the gain of a helix ae1fal can be in
creased by extending the tota l effective length of tbe aerial. 
In the ca~c of the helix, this is achieved by increasing the 
number of turns as shown in the second part of Table 14.13. 
The long helix has been used for frequencies as high as 11 Gc/s 
with a gain of over 25db and a beamwidth of approxi
mately 5° between half power points. The helix had more 
than 500 turns. For amateur bands above 1296 Mc/s long 
helices provide an interesting alternative to the parabolic 
reflec tor. For example a helix having 69 turns has a gain of 
about 20db at JO Gc/s. 

CO NSTRUCTIO N OF AER IALS 

Various constructional points have been mentioned in the 
text of this chapter but certain points are summarized and 
some are added here. 

Great care must be taken to prevent the ingress of water to 
the coaxial cable at the feed point, Bostik scaling compound 
or Telecompound is recommended for chis. The use of 
dissimilar metals in contact without weather protection must 
be avoided otherwise rapid corrosion due to electrolytic 
action will result. This is especially true of brass and 
aluminium. Even where protected it is still advisable to 
avoid dissimilar metals in contact if possible. Elements may 
be secured to the mounting booms by the use of proprietary 
cast alloy saddles supplied for television aerial use which are 
commonly available at a reasonable price. Similar clamps 
arc available for attaching booms to masts. If the aerial is to 
be used out of doors, as most are, it is very desirable that it 
should be painted using a suitable primer; zinc chromate is 

V.H.F./U.H.F. AERIALS 

ideal for aluminium and brass (adequate pre-cleaning with 
detergent or sugar soap is essential) with one or two coats or 
aluminium paint for finishing. Aerials protected in this way 
will last for ten years in a corrosive atmosphere whereas, 
unprotected, especially if made or some aluminium alloys, 
e.g. magnesium/aluminium, will only last a year or two or 
even less. 

Certain alloys have, however, an inherently high resistance 
to corrosion. It is essential to have the specification of the 
material in detail and to have access to the manufacturer's 
data on corrosion before deciding on an alloy which will give 
a satisfactory life in an unpainted condition. 

Particular care should be taken to ensure that all mecb
:rnical and electrical joints-especially sliding ones-are 
really good otherwise the aerial array will be unlikely to 
survive the first high wind. 

TU N ING ADJ UST MENTS 
To tune up any aerial system it is essential to keep it away 

from large objects, such as buildings, sheds and trees. The 
array itself should be at least two wavelengths above the 
ground. ft is useless lo attempt any tuning indoors since 
the change in the surroundings will result in completely 
different performance when the array is taken outside. 

Undoubtedly the most effective apparatus for tuning up 
any aerial system is a standing-wave indicator or reflecio· 
meter (see Chapter 19-Measurements). If there is zero 
reflection from the load, the standing-wave ratio on the 
aerial feeder is unity. Under this condition, known as a flat 
line, the maximum power is being radiated. All aerial 
matching adjustments should therefore be carried out to aim 
at a standing-wave ratio of unity. 

If suitable apparatu.s is not available, the next best course 
of action is to tune the aerial for ma.xi mum forward radiation. 
A convenient device for this is a field-strength meter com
prising a crystal voltmeter connected to a half-wave dipole 
placed at least ten wavelengths from and at the same level as 
the aerial. When adjustments have resulted in a maximum 
reading on this voltmeter, the feed line may nevertheless not 
be" Oat" and therefore some power will be wasted. How
ever, if the best has been done with the resources available 
it is highly likely that good results will be achieved. 

TYPICAL AERIALS 

To illustrate the principles of construction three aerial 
arrays which arc typical of those in use al the present lime 
are described below. 

Five-element Yagi A rrays for the 4m and 2m Bands 

The five-element Yagi array shown in Fig. 14.36 is a typical 
" tlat top " for v.h.f. use. With the dimensions indicated the 
centre frequencies are 70·3 and 145 Mc/s. 

The boom is made from wood and the elements are 
supported on polythene insulators mounted on wooden cross 
pieces. This form of construction is suitable where the 
workshop resources are limited and is quite ns satisfactory as 
an all-metal construction although rather heavier. 

T he driven clement is a folded dipole fed with 72 ohm 
coaxial cable through a balun of the Pawscy-stub type. This 
balun is constructed from brass tube, the inside diameter of 
which is a sliding fit over the outer covering of the coaxial 
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TABLE 14.14 

Element Lengths Sptt.cings: 

70 ·3 HS 70·3 145 

A 72 in. 35 in. AB 25 in . 12t in. 
8 73 in. JSt in. BC 15 in. 121 in. 
c Hin. 36 in. co 25 in. 12t in. 
0 79 in. 38-! in. OE 12 in. 20t in. 
E 82t in. 40 in. 

balun 
length L ~ 1 in. 19!- in. 

M:nerials 

Elemon<s: Aluminium rod or tube i in. d ia. (70·3), t in. dio. (145) 
Foldod Dipole (0): folded part l in. dia. 

led part t in. dio. 
contrc .. to·ccn trc spacing 1 ii\. 

Balun: br~ss tube to be a sliding fit over the co;ixi:il £ceder ublc. 

cable. The cable braiding is soldered at the aerial end of the 
balun to the outside of tbe balun tubing. 

The gain of the aerial is about 9dB, and the bearnwidth is 
about 50° between half-power points. 

L- 13;,;_j 
CCHTRES 

SLOT DETAILS 
l/g' DIA ROD 

Ls' 
C(lfTll(S 

Fig. 14.36. 5-element Yagi &rrays for 70•] and 
145 Mc/s with a folded dipole radiator. The 

gain obtainable is abou t 9db. 

A 6-over-6 Skeleton-slot Yagi Array fo r t he 2m Band 

This array can be constructed entire!~ from aluminium 
tubing, the elements being attached to the boom~ wnh 
suitable clamping devices. 

With the dimension~ given in Fig. 14.37, the centre fre
quency is 145 Mc/sand the bandwidth 1sapproximate!y 3 Mc/s 
for a standing-wave ratio of I ·2 : I. The beamwidth for the 
half-power points is 45° a nd the forwa rd gain approximately 
l ldb. The feed impedance is 72 o hms and good-quality 
72 obm coaxial cable should be used as the feeder. A balun 
is not essential, but it is recommended that one should be 
used and may be either the Pawsey-stub or coaxial-sleeve 
type. For convenience in mounting this balun on the aeria l 
mast, a short length of 72 ohm balanced-twin feeder may be 
used lo connect the output of the balun to the feed point. To 
prevent the ingress of water at the top end of the coaxial 
cable, the whole balun assembly should be enclosed in 
polythene fi lm. 

Provided the dimensions given are strictly adhered to, no 
matching adjustments will be necessary. 

Fis. 14.37. A 6-ovcr-6 s keleton slot Yagi array suiuble for 145 Mc/s. Note s lotlrenector spacins should be 10 in. not 10 in .. a.s shown 
Wilh ocltnowlediements ID J-Beom Aeriols Lid 
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Eleven Element Long Yagi for the Two M etre Band 

The 11 element long Yagi shown in Fig. 14.38 is light in 
weight yet extremely effective. 

The boom is dri lled for the i in. diameter aluminium rod 
elements and the t in. diameter folded dipole using a home 
workshop drill and drill stand located on the noor. The 
boom must be prevented from turning, this is probably 
best done by clamping it to a wooden stand or board. It is 
most important to ensure that the holes are drilled at right 
angles to the boom so that the clements are parallel to each 
other when fi tted. 

All SPACED 

Fig. 14.39. Ba lun of Pawsey-stub type 
w hich can be used for feeding :ierials 
in Fig. 14.36 and Fig, 14,38. Length I.. 
-41 in. for 70·3 Mc/sand 19t in. for 145 

Mc/s respectively, 

Elements are either secured to the boom. having been 
inserted through the holes, by centre punching 1he aluminium 
boom around the holes thus forming a compression joint for 
each element or preferably a clip of the type shown in 
Fig. 14.40. The fo lded dipole must have one end bent after 
insertion in the boom. This can be done by forming the 
shape around a t in. diameter broom handle. The boom is 
secured to the mast by a mast clamp whilst the stay rods a rc 
secured by aluminium straps. The centre of the folded 

ALUM INIUM A ... , 
CLIP --......... 

ELEMENT 
~u l~ 

a~ ga 
~~-BOOM_/~~!!!~ 

e 

Fig. 1<4.40. Element securine clip. 
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Fig. 14.38. 11·elemcnt Loni Yagi for 
145 Mc/ s, gain 13·5db. T he gain may 
be increased by adding :::idditional 
~irectors, uch t• less in leneth than 
its predecessor. The (oJdcd dipole is 
fed using a bal un as shown in f ig. 

14.39. 

dipole is attached to a ~- in. th ick polystyrene block which is 
dril led and tapped for the securing screws which are also the 
feed point. T his block is screwed to the boom. 

The fo lded dipole/feeder connect ions are waterproofed 
with Bostik scaling compound. Matching to the feeder is 
optimized, preferably using a reflcctometer or, if not avail
able, for maxi111um forward radiation, by sliding the 
reflector assembly in and out of the boom. The resulting 
match is better than 1 ·2 to I at 145 Mc/s. If greater gain is 
required additional directors may be added and the resulting 
slight change in matching can be effected by movement of the 
reflector as before. Finally, the reflector assembly should be 
clamped rigid ly inside the boom by means of a hose clip. 

TABLE 14.15 

Feed details: as for t he 5-elemcnt Yagi arrays for 70·J and 145 Mo/s. 

~
~ C D E F G H I J K 

d•-
olement length 3Sj 36 36~ 36! 36t 36t 36t 36i u il2 41 

Piruicic element 

element 

l' dia aluminium 
rod AB BC CD OE EF FG GH HI IJ JK - -----1·------- - - --
olemenc sp=.cing 
lrom 16 16 16 16 16 16 16 20 8 19 
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CHA P T ER 15 

NOISE 

IN every receiver there is a continuous background of noise 
which is present even when no signal is being received. 

This noise is caused partly by the valves and circuits of the 
receiver and par Uy by electrical impulses which reach the 
aerial from various sources; i.e. it is partly i11tema/ and 
partly extemal. In general, the more sensitive the receiver the 
higher the noise level, and increasing the sensitivity beyond 
a certain point brings no further increase in range. It is 
then possible to receive at adequate strength any signal not 
submerged in the noise, and further amplification will be of 
no assistance since both noise and signal will increase to
gether. The sensitivity is then described as being noise 
limited, and this is the normal condition in modern receivers 
intended for weak-signal reception. 

The purpose of this chapter is to discuss the characteristics 
of the various kinds of noise and to outline the broad 
principles of receiver design which must be followed if a 
bigh performance is to be achieved. D etailed treatment of 
special noise suppressors or noise limiters for reducing inter
ference from ignition systems and other impulse generators 
will be fow1d in the various chapters dealin g with receivers. 

An account is given here of the general characteristics of 
noise, the way it affects reception, the va rious sources of 
noise, and tbc principles involved in reducing its effects to a 
minimum. Finally the application of this knowledge to the 
needs of the average amateur is discussed, and it is hoped 
that this may prove of value to tbose who have not the time 
or are not sufficiently interested in the "whys and where
fores " to read the earlier parts of the chapter. 

T HE NAT URE OF NOISE 

T he noise contributed by the receiver can be minimized by 
careful design, but it is important to appreciate that internal 
noise tends to increase with frequency whereas noise from 
external sources usually decreases. By careful design 
receiver noise can usually be made negligible compared witl1 
external noise below about 100 Mc/s. Internal noise is 
caused by the unavoidable random movement of electrons 
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Fia-. IS. I. Noise wavefo•m at the outpu t o r :in i.r. "mplifiu. T~a 
oscillation1, which are at the intermediate frequency, arc approxi

m a t.oly sinusoidal but have randomly va•yinr amplitude. 

in valves and circuits, and occasionally by avoidable defects 
such as dry joints in tile wiring, faulty valves, and partial 
breakdowns of insulation. External noise can be caused 
by electrical machines and appliances (111011-made 11oise), by 
atmospheric electrical discharges (static or atmospherics) 
and by radiations from outer space. 

Most forms of electrical noise can be roughly pictured as 
a mixture of alternating currents of varying amplitudes and 
of all possible frequencies. Receivers, however, have a 
limited bandwidth and the observed noise level is a summa
tion of a ll the components occurring within this band. As 
might be expected from this picture, the mean noise power 
is proportional to bandwidth, although at any given instant 
the noise amplitude can have any value depending on the 
extent to which the various components happen to be 
assisting o r cancelling each other. Fig. 15.1 shows a typical 
noise waveform such as might be produced at the output 
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Fig. IS.2. The s;a,m e noisa waveform after linear rectification. N ote 
that it c:onsists of the e nvelope of the original noiso oscillations. 
The waveform as dr.i.wn hu an average voltage am plitud e of I volt 
and the "bcttinr odds,, against any particular instantaneous 
am plitude beint e xceeded are indicated by the riaht·hand scale: 

this applies to h white noise " only. 

of an intermediate-frequency amplifier by random move
ments of electrons in early stages; the i.f. amplifier can only 
transmit frequencies within its passband, and the noise 
applied to the detector has therefore the character of an 
i.f. signal of nuctuating amplitude. Fig. 15.2 shows the 
same noise after detection by a linear rectifier; this consists 
of a positive (or negative) voltage which fluctuates in accord
ance with the amplitude of the input noise voltage. T he 
important features of this waveform are its mean level, its 
statistical properties (summed up by the right-hand scale on 
the diagram) and its rate of fluctuation which is such that 
if the bandwidth of the circuits preceding the detector is 
B cycles per second it requires a time 1/B seconds for the 
amplitude to change significantly in value. 

A steady carrier or the output from the beat-frequency 
oscillator when applied to the detector produces a steady 
d.c. output vol tage V, on which tbe noise waveform is 
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fig. 15.J . Output of linear detector wh en the input consists of a 
carrier (of voltage V} plus noise .. N ote that the averaae voltage 
remains cqu:il to Vas lonf a.s the noise peaks are lcu than V, i .. e. 
as Jong a_1 t he noise·modu :u:ion of the carrier is less than JOO per 

cent. 

superimposed as shown in Fig. 15.3. The noise adds or 
subtracts from this voltage depending on its relati\'C phase 
which can have any value and, like the amplitude, tends to 
change from one value to another in time-intervals of the 
order of If B seconds. The noise fluc!l1ations arc now 
symmetrical in the sense that they leave the average voltage 
V unchanged. 

One common effect of the carrier is to affect the :1pparent 
pitch of the noise; thus the waveform of Fig. 15.2 can be 
thought of as being produced by noise frequencies up to a 
bandwidth o f' B cycles per second beating together, while 
that of Fig. 15.3 is due (in the case of normal double side
band recept ion of A3 signals) to a carrier in the centre of the 
passband beating with noise frequencies out to a distance of 
only B/2 away from it on either side. This causes a lowering 

in pitch of the noise at tl1e carrier frequency and a rise in 
pitch when the carrier or the b.f.o. is detuned as for s.s.b. or 
single-signal c.w. reception. This behaviour is illustrated 
in Fig. 15.4. Witb a little practice this rise in pitch can be 
used as a method of setting up the b.f.o. 

Frequently the presence or the carrier or the output from 
the b.f.o. increases the noise level, and this is commonly 
mistaken for noise on the carrier. The correct explanation 
is that when the signal level is low all detectors operate in 
a square-law manner, which is relatively inefficient; fre
quently the noise level is too low to cause the detector to 
operate on the linear part of its characteristic, so that the 
increase in noise level when the carrier is applied indicates 
more efficient detect ion and not a noisy carrier. 

Noise originating externally to the receiver is often much 
more impulsive in character than the internal noise depicted 
in Fig. 15.l. It can have a wide variety of characteristics, 
which makes it difficult to discuss in general terms, but the 
representation of Fig. 15.I can be applied to it, bearing in 
mind that (i) the dynamic range may be much greater and the 
•• bet ling odds" of F ig. J 5.2 arc not applicable, (ii) the 
envelope may show much slower variations, and (iii) there 
may be gaps in the noise waveform which can be exploited 
for reception par ticularly when, as is frequently the case in 
amateur working, low-grade communication is better than 
none. 

THE EFFECT OF NOISE ON RECEPTION 

The var ious random voltages originat ing in the receiver, 
together with certain kinds of externally-generated voltages, 
give rise to what is popularly known as white noise. It is 
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described in this way because, like white light, its energy is 
uniformly distributed over the relevant frequency-band. 
fhe manner in which such noise interferes with the reception 
of a s ignal is governed by certain elementary principles. 
Some discussion of these principles may prove interesting 
and helpful, altl1ough as will be seen their application to 
practical problems is not always s traightforward. 

It is useful to start by considering the nature of the signal. 
Ally signal waveform can be considered as being built up 
from a succession or impulses, and it is obvious that the 
more rapidly the voltage constitu ting the signal changes, i.e. 
the higher the frequencies in its modulation envelope, the 
shorter the impulses which must be used to obtain a reason
ably accurate rcprescntalion or i L Ac. w. signal, for example, 
could be bui lt up from impulses equal io length to a Morse 
dot, say O· I second, whereas a telephony signal having 
freque ncies up to 3 kc/s would need to be regarded as a 
succession of impulses not more than 1/6000 second in length. 
If t is the duration of an impulse, an i.f. bandwidth of l i t) 
is needed ror reproducing it , i.e. 6000 cycles per second in 
the case of a telephony signal. The use of the term i.f ba11d
wid1h avoids any possible confusion due to factors arising 
in the detection process, such as the ratio of two between the 
overall and i.f. noise bandwidths which is illustrated in 
Fig. I 5.4(8), but it will be shown later that such distinctions 
are not important during the actual reception of normal 
amateur signals when these are interfered with by noise 
only. The r.f. bandwidth is usually much greater than the 
i.f. bandwidth and can therefore be ignored. 

The optimum bandwidth must be in the region of I /t ), 
since this value allows the wanted impulse to build up almost 
to full amplitude and a grea ter bandwidth can only increase 
the effective amount of noise and not the signal. On the 
other hand, a smaller bandwidth reduces the ampli tude of 
the signal more rapidly than that of the noise. 

The noise in a bandwidth of 1 ft ) also consists of impulses 
of dura tion 1, but these vary in amplitude and phase in a 
random manner. Each impulse, before detection, normally 
contains a considerable nwnbcr of cycles of r.f. or i.f. 
oscillation, like those shown in Fig. 15.1. When a waveform 
is represented by impulses in this way, the phase and ampli
tude arc regarded as being constant for the duration or 
any one impulse but there need not be aoy similarity between 
consecutive impulses. It will be appreciated that this is 
merely a convenient approximation, since in practice there 
is usually a smooth transition from one value lo the next. 

The size of any one noise impulse is a maller of chance, 
somes values being more likely to occur than others, and 
Fig. I 5.2 shows the " betting odds" against any given 
impulse exceeding the inclieatecl values. To see what this 
means in practice, consider t.he reception of a s ingle Morse 
dot, the bandwidth being iust wide enough and no more; 
Fig. 15.2 shows that there is a reasonable chance of the 
noise ampli1i1de reacl11ng, say, three or four times the r.m .~. 
value, and unlc~s the signal is even larger in amplitude ii is 
likely to be mistaken for noise or vice versa. It is impossible 
to detect with certainty the presence of the Morse dot in 
these circumstances ei ther aurally or mechanically or by 
any means whatsoever unless it is stronger than any likely 
value of the noise. fn aural reception. however, with the 
stipulated bandwidth (about JO c/s). the noise has a rough 
musical pitch similar to the wanced beat-note, resul ting in 
an unpleasant overall effect. and the discriminatory powers 
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of the ear arc not used to best advantage. Under normal 
conditions it is found that the bandwidth can be extended 
indefinitely, and although the noise level rises the abili ty 
to copy a given weak signal through it is unaffected. This is 
because the ear itself, from the point of view of discrimination 
between signals and noise, acts as a filter having a passband 
of about 50 c/s and thus tends to determine the overall 
receiving bandwidth. The noise which is effect ive in masking 
a wanted 1000 c/s beat note is mainly that part of the noise 
spectrum between 975 and 1025 c/s, and adding noise 
outside these limi ts has no adverse effect at normal audio 
levels. The usefulness of aural selectivity is not restricted to 
the separation of signals from noise, and mos t readers will be 
familiar with the fact that a weak Morse signal can be read 
in the presence or a much stronger unwanted signal when the 
beat notes arc well separated in pitch, whereas two signals 
producing nearly the same heterodyne frequency are much 
more difficult to copy. 
· It has been explained above that the problem of separating 

weak signals from a noise background is one of deciding 
at each ins tant whether a true signal or 011ly noise is present 
a t the output of the receiver. This is a useful way of visualiz· 
ing the basic problem, but in aural or visu al reception the 
process is not carried out consciously and delibera1ely in 
The manner stated, and a varie ty of subjective or in1ellcc1Ual 
influences are usually at work. These a re dependent panly 
on "integration " and partly on tl1e fact that large portions 
o f most messages are redundant so that missing words and 
phrases can often be filled in simply because nothing else 
would make sense. A missing dot in a Morse transmission 
may be serious if it occurs in a call-sign, but in a group of 
figures, known to contain no letters (e.g. a contest number 
or RST report), the figures can be correctly deduced by 
suitable reasoning even if several of the dots arc missing. 

Integration is the process of adding together several 
signal impulses to give one larger one. This is mainly the 
preserve of radio astronomers and radar engineers, but it 
also forms part of the subjective processes which arc ca.lied 
into play while an attempt is being made to decipher a weak 
signal against a noise background. 

Because or these and other complexities (e.g. fading) it is 
difficult to give any useful figures of signal-to-noise ratios 
required for amateur communication: more-or-less agreed 
figures exist for various types of commercial service, but 
amateur requirements tend to be both more modest and more 
elusive. T he ability 10 read signals through white noise is 
not possessed in the same degree by all operators, but in 
general the human ear is a very ellicienl device for this 
purpose. When, as in amateur ctrnrnrnnication, messages 
are in plain language and tend to have standardized content 
such as RST reports, names and greetings, the aural selec
tivity can be supplemented by discrimination of an intel
lectua.I kind and no improvement is obtainable by the use of 
additional filters or other devices. It must be emphasized, 
however, that this applies only lo white noise. It fu rther 
assumes the absence or overloading in the receiver, adequate 
b f.o. injection voltage at the detector and a reasonable 
amount of audio gain. At very high volume levels the ear 
has a non-line:ir characteristic. reception is degraded and, 
if the bandwidth is increased at constant gain. the noise level 
will be furihcr raised and the situation will be aggravated. 
On the other hand, if the volume is too low. signals com
parable with the noise level may not be loud enough for 
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good intelligibility. In the case of impulsive noise (e.g. atmos
pbedcs and ignition noise) the car can often be given con
siderable assistance by devices such as limiters wbicb prevent 
·:>verloading and enable a signal to be copied through gaps 
in the noise (sec Chapters 4 and I 6). 

An understanding of the mccha1:tism of detection (includ
ing the effects shown in F ig. 15.4 and the relatively complex 
phenomenon of modulation suppression) is important in the 
solution of many noise problems and it is also helpful, for 
example, in preventing the drawing of false conclusions from 
the way in which the amplitude and the pitch of the noise 
vary during the tuning-in of a signal. However, in regard 
to the actual copying of signals of the kinds met with in 
amateur radio, the problem can be very much simplified; 
this is because during such reception the detector is always 
operating rts a mixer, i.e. there is always present a continuous 
signal or carrier which is s trong compared with the noise, 
and the detector output is the beat frequency between 
the wanted intelligence ancl this strong oscillation. So lo11g 
as this holds true, the detector, like any other frequency 
changer, is merely a device for shifting the frequency 
spectrum; it has no other effect on the signal or the noise, and 
no distinction need be made between post-detector and pre
detector selectivity, except where a factor of 2 must be 
introduced to allow for the superimposing of two similar 
sidebands in the process of detection. as indicated in F ig. 
15.4 (B). This argument breaks down if, in a.m. reception, 
the carrier is not strong compared with the mean noise level, 
but nom1al speech modulation will then be unreadable in any 
case. 

INTERNAL NOISE 

Noise origina ting in the receiver can usually be dis
tinguished from external noise by the fact that it persists 
after disconnecting the aerial, but this test can be misleading 
since the change in damping or tuning of the first circuit 
may alter the internal noise level, and it is better to make the 
experiment by changing over from the aerial to an equivalent 
dummy aerial. ln the h.f. band, where external noise levels 
are high, this gives a simple and accurate check of the noise 
performance of the receiver: thus :i change of 6db (i.e. 
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a ratio of 4 : I) in the noise level would mean that tbe 
receiver was responsible for a quarter of the total noise 
power, and the overall performance would be about ldb 
worse than with a perfect receiver. These figures, of course, 
assume linear detection and no overloading in the receiver. 

Provided that no part of the internal noise is due to faulty 
wiring or components, it can be roughly divided into 

(a) thermal noise, 
(b) shot noise in valves, and 
(c) induced grid noise in valves. 
Whichever variety of noise is being considered, it is of 

practical importance only when generated in the early 
stages of the receiver, since noise generated later in the 
receiving chain is not amplified to the same extent. 

Thermal N oise 

The electrons in a conductor are in continuous random 
motion at a rate which increases with the absolute tempera
ture (obtained in degrees Kelvin by adding 273 to the 
temperature in degrees Centigrade). The voltages produced 
by the electrons add together like other a.c. voltages, i.e. 
as the square root of the sum of the squares, and therefore 
if two similar conductors having equal resistances are joined 
in series the resultant noise voltage produced is v2 times 
that developed across either of the conductors considered 
singly. For any given conductor the noise voltage corres
ponding to a bandwidth of B cycles per second is equal 
to ,1(4KTBR) where K is Boltzmann's constant (l ·37 x 10-~3 

joules per deg. K), Tis the absolute temperature (in deg. K) 
and R is the resistance of the conductor (in ohms). This re
lationship is plotted graphically in Fig. 15.5, but for quick 
reference a convenient figure to remember is 0·13 microvolts 
(approximately) for 1000 ohms at 1 kc/s bandwidth and at 
room temperature. The thermal noise generated in a tuned 
circuit can be calculated from the same expression if R is 
taken to represent the dyna.mic impedance: thus for a 
parallel resonant circuit R should be substituted by QwL: 
see Chapter l - Pri11ciples. 

Thermal noise is seldom the most prominent form of 
noise. In h.f. reception it is overshadowed by noise picked 
up by the aerial, and in v.h.f. rcceplion by valve noise. 

The concept of noise temperature is helpful in assessing 
and comparing noise from all sources; thus it is now 
customary to express the external noise level by assigning an 
eq11il'ale11t temperature to the radiation resistance of the aerial. 
i.e. the tempcralure i1· would be required to have if it were to 
produce this amount of noise merely as a consequence of 
thermal agitation. Similarly, va lve shot noise is expressed 
in terms of an eq11ivalc111 (room temperature) noise resistance, 
and induced grid noise in terms of an equivalent temperature 
attributed to the resistive component of the valve input 
impedance. The advantage of these concepts becomes 
apparent in dealing with noise factor discussed later in this 
chapter . 

Valve Shot N oise 

This can be pictured by thinking of the anode current as 
being due to electrons hitting the anode like a stream of 
shot, or to the impact of hail against a window-pane, rather 
than as a continuous smooth Aow. If the anode current I 
flows through a rcsi~tanu: R, the noise voltage developed is 
, 1(2e!BRF2) where e is the charge on an electron and F' 
is the space-charge smoothing factor. Comparison of this 



form ula with the thermal-noise formuJa is the basis of lhe 
nois~diode method of measuring receiver noise performance, 
r- being unity when, as in the noise diode, all available 
electrons arc drawn to 1he anode. For multi-electrode valves 
operating normally, Fis usually about 0·15 and it is con
venient for comparison with aerial and thermal noise 10 
represent the valve noise by a fictitious equivalent noise 
resistance (R.,) such that a noise voltage ., t (4KTBR,q) 
npplied between grid and cathode would produce the 
equivalent f111ct11ation of anode current. It should be noted 
that the equivalent noise resistance is only a mathematical 
fiction and not a true resistance to which Ohm's Law could 
be applied. 

Formulae for the calculalion of the values of R,q are given 
in Chapter 2- Valves. 

Induced Grid Noise 

At low frequencies the voltage on the grid of a valve due 
to an applied signal can be considered as being constant 
for the complete interval of time taken for one electron to 
leave the cathode space charge and arrive at the anode. As 
the frequency is raised this state of affairs ceases to exist 
and in consequence a current is induced in the grid circuit 
giving the effect of a resistor, which decreases as the square 
of the frequency in shunt with the grid circuit. This resistor 
also appears as a generator of thermal noise at an equivalent 
temperature comparable with that of the valve caU1ode, 
i.e. about five times the absolute room temperature. There 
is partial correlation in phase between the shot noise and 
the induced grid noise with the result that one can be 
partially balanced against the other by detuning the grid 
circuit and thereby altering the relative phases. Jn general 
the reduction in noise is small and the two sources can be 
treated as independent to a first approximation, although it 
is often found that the signal-to-noise ratio tends to vary 
in an unsymmetrical way as the tuning of the input circuit 
is varied. 

AERIAL NOISE 

H a receiver is connected to a signal generator or to a 
dummy aeria l a certain thermal noise voltage is fed into the 
receiver. This so-called aerial noise would determine the 
minimum usable signal lel'el if the receiver itself generated 
no noise and if the real aerial produccJ the same noise as 
the dummy aerial. It has been found convenient to use the 
thermal noise level o f the dummy aerial as a basis for the 
definition of noise factor referred to later in this chapter, 
because in this way the definition is directly related to the 
normal cor1ditions of measurement. Unfortunately the 
noise levels of rea l and durmny aerials are usually quite 
different, so that both the definition and the measurements 
are unrelated to actuality and can be very misleading un
less the appropriate allowances are made. 

'v\'hen the impedance of a real aerial is measured, for 
example, with an impedance bridge, it is found to consist 
of resistance and probably some reactance as well. The 
reactance can be ignored for the purpose of the present dis
cussion since it is usually tuned out in one way or another. 
T he resistance consists partly of radiation resistance and 
partly of loss resistance. The loss resistance is made up of 
the ohmic resistance of the aeriaJ wire, leakage across 
insulators, losses in the immediate surroundings of the 
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aerial, and also includes the resistance of the earth con
nection when a Marconi aerial is used ; it is generally 
important in the case of l.f. reception and when using indoor 
and frame aerials, and is one of the two factors (the other 
being the bandwidth) which determine the extent to which 
it is practicable to reduce the size of an aerial system. The 
loss resistance is a source of thermal noise corresponding to 
a temperature which is usually taken as 300° K although it 
can of course vary by 10 per cent or more from this figure 
depending on the local climatic conditions. In the higher 

Typical noise diodes. Left, 
the CV2398 suitable for use 
at frequencies w e ll above 
500 Mc(1; richt the A.2087 
(CV2171). N oise renerato rs 
employing these valves are 
described in Ch;ipter 19-

Measuremcn ts. 

frequency bands the loss resistance can normally be made 
negligible compared with the radiation resistance, which in 
practical cases can be considered to have any noise tem.pcra
ture from Jess than 10° K up to thousands of millions of 
degrees depending on the frequency and other factors. 

Radiation Resistance 

There is no connection between the noise associated with 
the radiation resistance of an aerial and the actual physical 
temperature of the aerial or its surroundings, and to appreci
ate why this must be so it is necessary to understand the 
mc:ming of radiation resistance. When power is fed into a 
load, ii is absorbed in the resistance of the load, and this is 
just as true for a transmitter feeding power into the radiation 
resistance of an aerial as it is for any other generator and 
load, but as is well known power radiated from an aerial 
may travel inunense distances, even to outer space, before 
being absorbed . The radiation resistance of an aerial there
fore tends to be a property of the whole of space of which 
the local features occupy merely a trivial part. The radiation 
resistance as such depends only on the fact that power is 
dissipated, regardless of where this takes place, but the 
associated thermal noise level depends on the nature of the 
absorbing objects and not on the actual t·emperatnre of the 
aerial. 

EXTERNAL NOISE 

The main sources of noise external to the receiver which 
affect communication may be grouped under three headings: 

(a) man-made, 
(b) atmospheric and 
(c) cosmic. 
During periods of intense solar disturbance, radio noise 

from the sun also tends to interfere with normal reception. 

Man-made N oise 

In remote rural areas. the level of man-made noise may 
be pleasantly low or ev~n negligible, whereas in congested 
towns it may be intolerably high. The various kinds are 
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often ident ifiable by reason of tbeir time characteristics. 
Most of them originate in domestic electrical appliances or 
in industrial equipment. Common sources of this kind of 
noise are high voltage power lines, Light switches. vacuum 
cleaners, refrigerator motors, advertising signs, electric 
shavers, electric dri lls, petrol engines, trolley buses and 
electric trains. 

Intermittent c licks, such as those produced by switches 
and well-designed thermostats-unless very frequent-do 
not cause serious trouble since isolated noise impulses can 
only destroy occasional short elements of the signal and 
comparatively Jillie of the information content is lost. 

Continuous interference, such as that caused by com
mutators or discharge-tube lighting, is much more damaging 
to good commu nica tions. Such interference spreads over a 
very wide frequency ra nge, a lthough some fluorescent tubes 
generate a broad ly tunable noise band of unstable frequency. 

The type of noise associated with commutators, often 
known as fiasfl, is only partly impulsive in character and 
cannot be dealt with successfully by any noise-limit ing 
device in the receiver. The lmc impulse type of noise, such as 
ignition interference, is much easier to suppress. One of the 
advantages of the frequency-modulation system is that if the 
receiver is correct ly designed and adjusted, interference from 
high-amplitude impulse noise is virtually eliminated, 
though a similar resul t can be achieved in the reception of 
a.m. signals if sufficient i.f. bandwidth aad appropriate 
limiters arc used. Individual sources of man-made noise 
usually have a relatively small range, and considerable 
improvement may be obtained by raising the aerial system 
as high as possible and by using a screened feeder. In the 
lower h.f. range, however, man-made 
noise from the large nU01bers of dista nt 
sources tends to be a limiting factor even 
in districts remote from centres of popula-
tion. 100 

Atmospheric N o ise 

The primary source of atmospheric noise 
(or static) is the ordinary lightning dis
charge. A typica l flash has been estimated 
as carrying n current o f 20,000 amperes. 
At a ny one time there are so many storms 
in progress in various parts of the world 
and the range of radio propagation is so 
grea t that much of the external noise which 
forms the background in long-distance h.f. 
communication must be attributed to 
lightning discharges in remote storms. The 
noise from local s torms is naturall)• much 
more intense and is considerably greater on 
the lower rad io frequencies, but of course 
this is only intermittent and docs not 
require to be taken into account in the 
design of circuits. 
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some of which are so remote that they are not visible evea 
in the most powerful optical telescopes. At the wavelengths 
mainly used for long-distance communication, cosmic noise 
penetrates the ionosphere and is received at a high amplitude 
level. Apart from the variation with frequency. cosmic noise 
is similar in character to them1al noise. 

TOTAL NOISE LEVEL 

A general idea of the variat ion of atmospheric and man
made as well as cosmic noise level with frequency over the 
h. f. and v.h.f. bands is given in Fig.15.6. These curves have 
been somewhat freely adapted from previously published 
data, bearing in mind the need for a simplified presentation. 
Below I 4 Mc/s the diagra m should be regarded only as a 
rough guide, since atmospl1eric and man-made noise levels 
are extremely variable, and the noise is generally more 
impulsive in chn 1~1cter. As explained earlier, impulsive 
noise tends to be relntivcly less serious the lower the grade of 
communication, and for ama teur purposes the ejJecti11e 
lower-frequency noise levels may be lower than indicated 
although some slight " weighting" in this direction has 
taken place in the course of adapting the data. 

The marked difference in atmospheric noise levels between 
day a nd night is due to the more efficient propagatio1l at 
night from distant storm centres located mainly in the 
tropics. Above 100 Mc/s the external noise level continues 
to decrease, being much less than room-temperature ther
mal noise in the 430 Mc/s band, and frequently equiv
alent 10 only a few degrees absolute in the microwave 
bands. 

7 14 2 6 56 11 2 
FREQUENCY (Mc/ s) 

A not infrequent , but usually short-lived, 
form of in terference is due to rain static, 
i.e. currents induced in the aerial by elec
trically charged raindrops. 

Cosmic (Galactic) No ise 
Considerable noise radiation is received 

from the Milky Way and other galaxies, 

Fii. I 5.6. _Variation or external noise leve l with freq uency. C urve A shows tha t d uring 
the day in te mperate 1one s t he noise is m ainly man-made at fre quencies above 
ab~u t 12 Mc/s .. In these zone s. atm o1pharic no ise adds conside rably to the t otal 
noise level at ntght (curve 8 ) . In t ropi ca l 1ones tho atmospheric nois• is re latively 
sev~re : cu rv~ C repres ent,• the w o rst co nd ition.s ;n these zones. The ve rti c:al sca le 
!ndi catu .th~ number !Jf deci be ls by w hich the noise level in a. per(ec't rece iver would 
tncrease if it we re dtsconnected from a dummy aeria l a nd fed from an c ffic.ient 

aeria l of similar i mped~nce. 
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ESTIMATION OF RECEIVER NOISE 

Wheo it is desired to measure the sensitivity of a receiver, 
some form of tCSI signal is fed in Lhrough an impedance which 
simulates that of the aerial from which the receiver is 
designed to work. Such an impedance is known as a dummy 
aerial and is a source of thermal noise. If the receiver were 
perfect the noise al its output terminals would consist only of 
amplified noise from the dwnmy aerial, but in practice the 
receiver adds a certain amount of noise as previously ex
plained. 

If the aerial noise is represented by T. degrees (i.e. !he 
equivalent temperature) the increase in noise due to imper
fections in the receiver can be represented by 7~ degrees (i.e. 
a rise in the equivalent temperature of the aerial). The value 
of T, in comparison with T, the room temperature, is readily 
measurable by the noise-diode technique described in 
Chapter 19 (Measurements). lf T, is expressed in decibels 
relative to T, it can be directly compared with the noise levels 
indicated in Fig. 15.6 to find out whether it is significanl in 
relation to the external noise level. Fig. 15.7 illustra tes the 
lowest values of Tr which can be achieved without undue 
difficulty, as a function of frequency. As explained later, 
however, it is not a lways desirable to aim at a low value or 
T., and h.f. receivers almost always have much higher values 
than v.h.f. receivers. 

N oise Factor 

The equivalent-temperature concept of receiver noise is 
not yet universally adopted and the noise performance of 
receivers is usually specified in terms of noise factor. Un
fortunately extreme care is required in specifying the 
conditions of measurement and in interpreting the figures 
obtained. However, if the advice offered in Chapter 19 on 
the subject of noise measurement is closely followed the 
reader is not likely to arrive at false conclusions. The mel hod 
of measurement described there is based on the definition-

Noise Factor = (T + T.)/T 
where T is the room temperature. This can of course be 
arranged in the form-

T, - (Noise Factor - l )T 
to enable the noise factor as normally measured to be 
expressed directly as an equivalent aerial tempcrulure. 
The object of good receiver design is to reduce T, until it 
is negligible compared wi th the aerial noise temperature but 
not necessarily to make T, as small as possible; any further 
possibility of improvement can generally be used instead to 
improve the receiver in other respects as discussed later, or 
perhaps to reduce its cost. 

To reduce T, to a negligible value. all that is necessary in 
principle is to step up the aerial impedance by means of a 
transformer to a value Ra which is large compared with 
the equivalent noise resistance R,9 of the first va lve in the 
receiver: R. and R,q can then be thought of as two noise 
generators connected in series and the value of T,/T will be 
equal to R,.JR,,. In practice, however, the aerial impedance 
is shunted by other noise-generatir\g resistances which repre
sent losses in the input circuit and by the transit-time 
damping resistance associated with induced grid noise. This 
resistance has an equivalent temperature of ST and decreases 
as the square of the frequency. These effects cause T, to rise 
with frequency, not only because of the added noise but also 
because o f the shunting effect which reduces aerial noise T. 
relative to the valve noise which fom1s a major part of T.. 

NOISE 

UI 
Vl 

0 +20 
z ....... 

dl 

~ .:!!, 
~ 
a: 
UI 
:i: 
I- UI 

0 a: 
I- :::> 

+ 10 I-
UJ < 
> a: 
;: ~ 
<~ 
...J UI 
UI I-
a: 
~ 

...J 0 
UJ 0 
~ a: 

0 ...J I-
UI < 
IJ) 

0 
z 

14 28 56 112 224 448 
FREQUENCY (Mc/s) 

Fig. lS.7. Approximate relationship between aerial noise and 
receiver noise over the amateur frequency bands. The curves shown 
for pentode and triode r.f. a.mplificr s;taces represent typical good 

designs. 

Since all " temperatures " have to be referred to the aerial 
where T. is fixed in accordance with Figs. 15.6 and 15.7, any 
reduction of T. relative lo T, is equivalent to an increase of 
T.. I n order to minimize this effect there is an optimum 
value of R. which decreases with frequency and normally 
corresponds to over-coupling of the aerial into the fir st 
circuit of the receiver . This optimum value of R. occurs 
because large values arc heavily shunted by the transit-time 
damping so that as R. is increased from zero the aerial 
noise voltage at the valve at first ri ses, as in the no-loss 
case, and then falls again. For the lowest noise factor, 
the aerial needs to be more tight ly coupled than it would 
be for maximum gain and there is a consequent Joss in r.f. 
selectivity. It should be remembered that R,q is not an 
actual resistance but a designation for a noise generator; i1 
therefore does no t experience the shunting effect~ which R. 
experiences. 

Other precautions to ensure the lowest value of noise 
factor are to use input circuits with the highest possible 
inductance and Q-value, and to choose valves with low 
equivalent noise resistance (i.e. triodes in preference to 
pentodcs) and high transit-time damping resistance. In 
r.f. or i.f. amplifiers having very great bandwidth where a 
low noise factor is required it is better to rely on tigh ter 
coupling to produce the necessary bandwidth than on the 
use of shunt resistors. 
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Wben inverse feedback is present in the input stage it 
usually has an equal reducing effect on tl1e signal and on au 
forms of noise, and therefore does not directly affect the 
noise factor or the optimum design conditions, although 
as in the case of the grounded grid triode, it may produce 
heavy damping of tbe input circuit. On the other hand, tbe 
inductance of the cathode lead in a pentode causes inverse 
feedback which leaves partition noise unaffected and there
fore degrades the noise factor. 

PRACTICAL ASPECTS O F N O ISE 
Every amateur will wish to ensw·e tbat the performance of 

his station is not handicapped by avoidable defects iu tbe 
receiver. This situation can arise from the following causes: 

(a) Gaiu is not sufficient to make certain that the useful 
sensitivity is noise-limited. 

(b) Receiver contributes significantly and avoidably to the 
noise background level. 

In the case of insufficient gain the trouble and the remedy 
arc both obvious. Those designing their own receivers should 
have no difticulty in making a rough estimate, with the aid 
of Figs. J 5.5 and J 5.6 and the foregoing explanations, of the 
amount of r.f. and i.f. gain required to give a reasonable 
working level (say 1 volt) at the detector, and hence of the 
amount of audio gain needed to bring the rectified noise 
(about 0·4 volt r.m.s. assuming a diode detector with I volt 
input) up to a reasonable listeui.ng level. 

Above about 100 Mc/s, low uoise factor is all-important 
aud F ig. 15.7 gives a guide to the perfor mance which should 
be achievable by using a low-noise triode r.f. stage. On the 
h.f. bands it is tbe external noise which limits the ability 
of the receiver to dea l with weak signals, provided of course 
that the aerial is a good one and that the receiver is function
ing correctly. In such circumstances there would be no need 
for any r.f. amplifier stages if a good triode mixer were used 
and thus the risk of blocking and the production of spurious 
responses due to the overloading of the mixer by strong sig
nals would be reduced. Another danger is that of an 
apparent increase in the noise level caused by intermodula
tion at the mixer between large nwnbers of moderately strong 
signals within the passband of the r.f. circuits. All these 
effects are aggravated by excessive r.f. gain and by some 
of the other measures which may be taken to imporve the 
noise factor. On the other hand, if it is necessary to use an 
incfficieut aerial, such as a wire fastened to the picture rail, or 
a miniature beam having appreciable Joss-resistance in the 
clements or the feeders, the external noise level will in most 
cases be lower; the receiver noise must therefore be reduced 
in proportion and an r.f. stage may be necessary. Indoor 
aerials are sometimes responsible for increased pick-up of 
man-made noise from local sources, and in such cases this 
reasoning \vill obviously not be valid. 

In defence of the standard practice of employing r.f. stages 
in h.f. receivers it must be added that they provide a margin 
of safety against the consequences of inefficient coupling 
between the receiver and the aerial. Moreover the disadvan
tages associated with r. f. stages can often be mitigated by 
making sure that r.f. gain control is not aclvanced beyond 
the point where external noise just swamps the internal uoise 
as judged by a simple check, e.g. by disconnecting the aerial. 

Aural Discrimination 
When the above conditions have been satisfied, discrimina-
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tion between signals and noise becomes mainly a job for the 
ear and brain working together, and.except in a few special 
cases very little can be done in the receiver to assist this 
process. If the overall bandwidth is greater than necessary, 
decreasing it reduces the noise level but does not make 
copying any easier, because it is only the noise which occupies 
the same acoustic band as the signal that is effective in pre
venting it from being copied. This argument, however, must 
not be carried too far; it can, for example, be used to justify 
the normal practice of using bandwidths of several hundred 
kilocycles for the sound charu1el of television receivers, but it 
is not valid when applied to amateur v.h.f. receivers. The 
reason for this is that the amateur is able to make use of low 
signal levels, and it is possible by increasing the pre-dectector 
bandwidth to reach a point where the noise voltage at the 
detector becomes comparable with the carrier voltage of, say, 
a just-readable telephony signal. The situation at the detector 
is then as depicted in Fig. 15.4 (C) but with the signal over
modulated by the noise, the wanted modulation of the 
carrier tends to be destroyed. The effect is the same as 
modulation suppression, a well-known property of linear 
detectors whereby the presence of a strong carrier destroys 
the modulation of a weaker one. There is no advantage in 
using a square-law detector, since this also by its nature 
discriminates in favour of strong signals. 

Effects of O verloading 
Another possible cause of deterioration in the ability to 

copy signals through noise is overloading, particularly of 
the i.f. stages, by no.ise peaks which as shown by Fig. 15.2 
may reach several times the mean noise level and will increase 
in amplitude if the bandwidth is increased. If a reduction of 
bandwidth appears to give improved reception of weak 
signals, it is possible that some such effect may be taking 
place and ihe gain should be reduced. 

In the case of impulsive noise like that due to ignition 
systems or isolated atmospherics, the dynamic range is 
relatively large and noise limiters are useful in the prevention 
of overloading, particularly if the bandwidth is large so that 
the impulses are not lengthened and caused to overlap-as 
they may be by the ear itself- before being limited. The time 
intervals between atmospherics are frequently long enough 
to enable words or syllables, or Morse characters, to be read 
through the gaps, and it may thus be possible to sustain low
grade communications through a relatively high noise level; 
in suitable circumstances this may allow some discounting of 
the lower-frequency noise levels plotted in Fig. 15.6. 

S.S.8. Recept ion 
In the reception of Morse and sideband signals, the volt

age injected into a conventional diode detector from the beat 
frequency oscillator must be large compared with the mean 
noise voltage, but a ratio of 8-10 times in voltage is sufficient 
in regard to the signal-to-noise ratio, whereas for maximum 
discrimination against strong signals an even higher injection 
level is necessary. 

It is becoming common practice to employ s.s.b. reception 
of ordinary amplitude modulated signals in order to remove 
interference which may be present on one sideband. This 
unfortunately entails a reduction in the signal-to-noise ratio 
since the two sidebands of a double-sideband signal add up 
in phase and therefore the removal of one of them halves the 
signal voltage; at the same time, the noise power which 



accompanies the rejected sideband is eliminated. This halves 
the total noise power so that there is a decrease of 3db in the 
noise level 10 offset the decrease of 6db in the signal level, 
leaving a penalty of 3db. As a corollary to this, it follows 
that s.s.b., d.s.b. and a.m. signals should give equal signal
to-noise ratios for equal total sideband power. 

Effects of Aerial Characteristics 

The gain of an aerial, in terms of the signal-to-noise ratio, 
is the same as its transmitling power gain if there are no 
losses in the aerial and if the noise is non-directional. In 
relatively rare circumstances the external noise will be 
stronger from one direction than another, and the effective 
gain of the aerial will then be reduced for signals in the same 
direction as the noise and increased for signals in other 
directions. The removal of high-angle lobes should tend lo 
reduce the external {cosmic) noise level in the 14-28 Mc/s 
bands. Losses in the aerial and feeder system are subtracted 
from the transmitting power gain but do not affect the gain 
in terms of 1he signal-to-noise ratio as long as the receiver 
noise can be kept well below the external noise level: thus, 

NOISE 

referring to Fig. 15.6, the external noise level at 14 Mc/sis 
25db so that an aerial loss of ISdb would still leave the 
external noise 7db above thermal noise, i.e. 6db above the 
receiver-plus-thermal noise for a noise factor of ldb and the 
signal-to-noise ratio would be degraded only by about ldb 
compared with that for a loss-free aerial. This permits tho 
use of much moro compact aerial systems for reception than 
for transmission. 

A very interesting point arises in the case of rhombic and 
certain other long-wire aerials, since the terminating resist
ance absorbs half the transmitter power and, of course, half 
the received noise power. On transmission the power which 
is absorbed is that which would otherwise be radiated in the 
backward direction, and the forward gain is unaffected. The 
elimination of noise from the backward direction, however, 
doubles the signal-to-noise ratio provided that the receiver 
noise level is low enough for advantage to be taken of the 
lower aerial noise level. Thus, in - general, a <erminated 
rhombic operating at frequencies below about 30 Mc/s has 
an effective gain 3db greater for receiving than for trans
mitting. 
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CHAPTER 16 

MOBILE EQUIPMENT 

THIS chapter is concerned with equipment for mobile and 
portable operation on the h.f. and v.h.f. bands, and the 

special problems which arise in relation to interference 
suppression and aerial systems. 

Unlike its fixed station counterpart., a mobile or portable 
installation will invariably be subjected to physical stress due 
to vibratio n or continua l handling, or both. For this reason, 
the physical coustruction requires as much care as the 
electrical design. 

CONSTRUCTION 

Due to space restrictions, miniaturization or equipment 
designed for mobile operation is essential, but coupled with 
this must be rugged construction and a high degree of 
mechanical strength. A chassis braced by sub-chassis 
partitions, should be at least 20 s.w.g. material or 18 s.w.g 
when such partitions are only few in number. The front 
panel, especially when carrying dials associated with 
variable frequency oscillators, needs to be not less than 18 
s.w.g. Each end of the panel should be braced, and joined 
to the main chassis by means of triangular lipped plates 
which arc fixed to the panel and chassis by bolts or better 
still rivets as shown in Fig. 16.1. It is not satisfactory to rely 
on the spindle bush and locknut of a control to hold the 
panel to the chassis. . 

When bolting a component to the chassis, a shake-proof 
washer should always be fiLLed under the nut. When fitting a 
solder tag to the chassis, shakeproof washers should be used 
between the head of the bolt and the chassis and between the 
solder tag and the nut. Nuts should be finally tightened with 
a suitable box spanner since maximum tightness will not be 
achieved with a screwdriver. Brass is superior to steel for 
electrical connections, if steel outs and bolts are used try to 
obtain those which are cadmium plated. 

BRACKET CONSTRUCTION 

Fig. 16.1 . U 1i n1 trian1ular bracke~ to brace bo t h front panel and 
chu.s1s:. 

Unlike that of fixed station equipment, the wiring of units 
intended for mobile working should be undertaken in 
stranded connecting wire. With its ability to flex, there will 
be no tendency for the wiring to vibrate under conditions of 
mechanical shock. Where solid conductors do have to be 
employed, as in variable frequency oscillators for example, 
16 s.w.g. or thicker wire should be used, the lead length 
being made as short as possible. The connections at each 
end should be made physically strong before being soldered. 

Nearly all equipment for mobile operation has to be 
tailored to a particular vehicle, or at th.c very least arranged 
to occupy the smallest possible space. In addition it has to be 
operated in a confined space, so the layout and position or 
the major controls is very important. When planning such 
an installation thought should be given to how far the driver 
of the vehicle has to move to reach the various controls. 
Ideally, this movement should be no more than that needed 
to operate the gear change lever during normal driving. Two 
rules need to be applied to controls in general. Firstly, the 
controls themselves should be restricted to those which arc 
absolutely essential, and secondly, those which have the 
greatest use should be posi tioned as near to the driver as 
possible. 

With regard to the actual mounting of the equipment, any 
form of" soft" mounting is to be avoided. A little resilience 
can be incorporated, but for all practical purposes, the 
equipment should be firmly attached to the vehicle body, the 
mass of which will materia lly assist in reducing spurious 
vibrations. 

At all times, prime consideration must be given to ~afety, 
especially if tbe installation is to be operated by the driver of 
the vehicle. it is to the credit of mobile operators that, as 
far as is known, no accidents have so far been attributed to 
the operation of mobile radio equipment. Be this as it may, 
at no time sbould the slightest risk be taken which is likely 
to endanger life or limb of either the operator or an innocent 
bystander. 

NOISE SUPPRESSION 

A motor vehicle can generate a considerable amount of 
electrical noise which may cause sufficient interference to 
prevent satisfactory reception under mobile conditions. Any 
electrical device fitted to the car in which contacts open and 
close is a potential source of interference. Even the very 
small current handled by the impulse contacts of a dashboard 
clock can produce a ticking noise in a receiver. 

Possible sources of electrical noise will now be considered 
in turn, together with the tr~tmcnts which should effect a 
cure. In respect of the remedies, it should be borne in mind 
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that steps taken to suppress noise found on a receiver operat
ing in the h.f. bands may not hold good for a v.h.f. installa
tion. Nearly all the corr<X:tive measures involve the use of 
capacitors which either reduce the arcing at the offending 
contacts, or whicb absorb the resultant transient. ln most 
instances fairly large values of capacitance arc needed, and, 
as the frequency rises, so the inductive clement of such 
capacitors becomes more pronounced with the result that, at 
v.h.f., the capacitor behaves more like an r.f. choke and is 
thus ineff<X:tive as a bypass device. 

Unless the current in the circuit being suppressed is small, 
reducing the value of the bypass capaciLor lo an amount 
which is normally effective in the h.f. and v.h.f. range may 
not have the desired effect since, reducing the value of the 
capacitor reduces its ability to suppress contact arcing. 
Ideally, for good suppression at the upper h.f. and in the 
v.h.r. frequency ranges in high current circui ts, coaxial 
capacitors are used. Examples are the Lucas WS.15 and 

Fi;. 16.l. (a ) illu•tntu high and low values or c.apacitance in 
parallel in s uppre.ssion circuits. As the frequency rises the induc
tive e lement of the l~rger capacitor may resonate with the smaller 
capacitor as in (b) and cause an incre;ue in the noise level. Th is may 

be avo ided by the use of a coaxial capacitor" as shown in (c). 

WS.19 ranges, wbicb are specifically designed for fre
quencies up to 200 Mc/s. However, in some circumstances a 
smaller capacitor connected in parallel with the standard 
suppression unit may be found effective. Where the noise 
level is found to increase when th.is course is adopted, it is in
variably due to the lower value capacitor resonati r\g with the 
effective inductance of the larger capacitor, and in such 
cases experimentation with the value of the lower capacitor 
may be found helpful. When no reduction in noise can 
be achieved io tltis manner, placing a small coaxial feed
through capacitor in the live lead to the large capacitor 
has been found to achieve a worthwhile reduction. The 
various cffec1s are illustrated in Fig. 16.2. 

When fiiting suppression capacitors, it is of paramount 
importance that both the earthing and the live leads are 
extremely short. If the live lead is over 3 in. in length, it 
should be screened, and the screening earthed at the capaci
tor end only. 

Ignition System 

The major source of interference from a petrol engine is 
the ignition system. The noise from this source rises to its 
maximum level in the 40-50 Mc/s region, and may there 
after fall unti l at 600 Mc/s it is at a low level. As the ignition 
voltage is of an oscilla tory natw·e, with a peak voltage in 
the region of 10 kV, severe interference may be created 
within a t mile radius. In the U.K., statutory requirements 
arc now placed on vehicle manufacturers in respect of noise 
suppression, and while this may be adequate in respect of 
TV reception at some distance from the vehicle, and for 
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Medium Wave reception in the vehicle, it is rarely adequate 
for h.f., v.h.f. and u.h.f. reception under mobile conditions. 

Treatment of the ignition system invariably involves the 
use of resistors in the lead from the ignition coil to the 
distributor, and in the leads to the individual sparking plugs. 
Recently, use of resistive high tension cable has been adopted 
on mass production engines, and whi le outwardly this appears 
simi lar to standard ignition cable, the copper inner con
ductor is replaced by nylon or a similar material treated with 
carbon to make it conductive to the desired degree. Such 
cables are now low in cost, show a marked improvement in 
suppression over resistor unit elements, and moreover, 
maintain a high degree of suppression at very high fre
quencies. Where resistive suppression proves ineffective on 
a vehicle, consideration should be given to replacing the 
standard ignition cable with this special type. 

With regard to ignition noise in general, it is essential that 
the sparking plugs are kept clean and the gaps correctly set. 
As a fi rst step, they should be removed, taken 10 a local 
garage and sand-blasted clean, and the gap set to the figu re 
quoted. General ly, plugs cannot be cleaned to a satisfactory 
degree with a wire brush, and sand-blasting must be em
ployed. The ceramic insulation of all plugs must be spotless, 
and the use of a proofing and anti-tracking compound such 
as Dampstart is recommcndecl , as is the employment of 
hooded plug connectors. 

The distributor contacts should be unpitted, free from dust 
or oil, and above all, dry. More than one case has been noted 
where, despite every possible step in respect of the plugs and 
their associated leads, very little suppression could be secured 
but, on replacement of the distributor cap, the interference 
level fell to an acceptable level. 

Once the system itself is up io standard in the respects 
mentioned, attention can be turned to additional suppression. 
It is however futile to do so unless the ignition system is in 
order, for def<X:ts in its component parts may give rise to 
forms of interference which are difficult to reduce. 

As a first step, a capacitor of 0·5 µF should be connected 
from the SW terminal on lbe ignition coil to a closely 
adjacent earthing point. This should bring about a notice
able reduction in the interference level. For v.h.f. installa
tions, it is sometimes helpful to bridge this with a disc 
ceramic capacitor having a value of 0·005 µF. Following 
this, the cable from the ignition coil to the distributor should 
be screened, and the screening connected 10 the same 
earthing point as the capacitors. Subsequently each plug 
lead should be screened and the screening connected to a 
good earthing point. The final step is to fit each sparking 
plug with an individual suppressor unit integral with the 
plug connector, but if this course is adopted it is advisable 
to bave the engine tuning checked after fitting. 

Gene rator and Voltage Regulator 

The usual generator and voltage regulator arrangement is 
shown in Fig. 16.3. Generator hash may usually be sup
pressed by connecting a 0 ·05 ,,p capacitor from the " D " 
terminal on the generator itself to the frame of the generator, 
and connecting an 0·005 ~·F disc ceramic capacitor in parallel 
with it. If it is not possible to connect direct to the generator 
terminals, these capacitors may be connected from the 
" D " terminal of the vol tage regulator unit to earth, but in 
this case it will be essential to fully screen the " D " lead 
between the generator :tnd the vol tage regulator unit. 
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Fie. 16.3. The dynamo and battery char~ing circuit usually 
found in a modern car. 

Under no circumstances must the" F" terminal on either 
the generator or the voltage regulator be bypassed in the 
same manner as the " D " terminal. If this is done the 
action or the voltage regulator will be impaired and the' unit 
damaged. ff it appears advisable to bypass the "F" 
terminal in order to remove any intcrrcrence caused by 
arcing at the voltage regulator points, a 5 ohm resistor and 
a 0·001 p.F capacitor should be connected in series and 
wired between the " F " terminal and an adjacent earthino 
point. Larger capacitors should not be fitted under any 
circumstances, and neither sbottld the 5 ohm resistor be 
omitted. 

Prior to atlempting to bypass the "F" terminal, it is 
better to determine the effect of a coaxial capacitor with a 
value of between O·l ,,.F and 0·5 p.F between the "A" 
terminal and earth. In many instances th is will be found to 
give a worthwhile reduction in the noise level. For operation 
in the upper h.f. bands, and on the v.h.f. bands only a co
axial type capacitor should be used, but on th~ lower fre
quencies, a standard capacitor may be satisfactory. 

lf the generator whine remains pronounced, a fully 
screened tuned wave trap may be inserted in series with the 
output from the generator, the trap being located as close to 
the generator " D " terminal as possible. The connection 
between the genenitor and the trap should be fully screened. 
It must be remembered that the coil of this wavetrap has to 
pass the full generator output current, and for this reason 
the coil must be wound with not less than 12 s.w.g. wire'. 
The large wire size makes such traps impracticable for 
frequencies below about 28 Mcfs. When such a trap is 
employed, the bypassing arrangements already described 
should still be fitted, and these must be positioned before the 
trap. 

For 28 Mcfs a suitable wave trap consists of 12 turns of 
12 s.w.g. wire wound as a self-supporting coil with an 
internal diameter of 1 in. tuned by a 3-30 pF concentric 
trimmer. For 70 Mcfs, five turns 12 s.w.g., i in. diameter 
tuned by a 3- 30 pF trimmer. For 144 Mc/s, three turns 
12 s.w.g., ! in. diameter tuned by a 3-30 pF trimmer. In 
every case the wavetrap should either be set to the correct 
frequency by the use of a g.d.o., or by connecting it in series 
with the aerial lead of a suitable receiver and tuning the 
capacitor for maximum signal rejection, before the unit is 
fitted to the·vehicle. 

On most cars of British manufacture the regulator is un
screened and remote from the dynamo. Jn these cases a 
3 µP capacitor sbould be connected to termiual B+ of tbe 
regulator and a 0·5 µF capacitor fitted to terminal D + of 
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the dynamo. The latter value should not be exceeded. In 
some cases a reduction in the noise level may be effected by 
connect ing an earthing lead between the dynamo and 
regulator. 

By this time, the general level of interference should have 
?een r~uced significantly, but some odd noises, perhaps only 
111term1tlent, may remain. Their possible sources are now 
cousidered. 

Electric Clocks 
Interference from this source is characterised by a distinct 

ticking sound. Suppression can usually be achieved by 
fitting a O·l p.F capacitor directly across the connections on 
the rear of the clock. 

Fuel Gauge 
The rheostat operated by the float in the fuel ta11k may 

set up a spasmodic and wavering sound similar to that 
caused by drawing a piece of metal across a piece of corru
gated metal. With the vehicle stationary and the ignition on 
but the engine not running, bouncing the re.-'lr of the vehicle 
up and down may persuade the noise to appear. This noise 
can usually be suppressed by connecting a O· l µF capacitor 
directly across the terminals of the petrol tank unit. 

Electric Motors 
Windscreen wiper and heater motors may be fitted with a 

0·5 1•F or a 3 µF capacitor which should be connected to the 
current input terminal. The capacitor should have a good 
connection to the vehicle earth and if sufficient suppression 
is not achieved then a fcedthrough capacitor should be 
inserted in the input lead to the motor. T his capacitor should 
be of 0·05 or O·J p.F and a current rating of 5 amp. will 
generally be sufficient. 

Brake Static 
This is heard as a rushing sound whenever the brakes arc 

applied, and is usually most pronounced in hot dry weather. 
On damp or wet days it may not occur. Special kits are 
available for fitting to the wheel mountings and brake drums, 
and only these should be used. 

Tyre Static 
This is usually spasmodic, usually being at its peak on hot 

dry days and when travelling on a well worn Tarmacadam 
surface. The noise is similar to that of brake static except 
that it is continuous, and nearly always punctuated by a 
sharp cracking noise. For tubeless tyres the most likely cure 
is to inject a little powdered graphite into each wheel, and to 
earth the brake drums as for brake static. 

Slow Speed Noises 
Occasionally, pulses or interference not heard during 

normal running may be noted under one or all of the 
foll owing conditions, (a) when stationary wi th the engine 
idling (b} when running at slow speeds and (c} when the 
engine labours. Such interference invariably stems from 
discont inuity between various parts or the bodywork 
aggravated by the vibration which takes place under some 
of the above mentioned cond.itions. The biggest offender, and 
usually the least suspected, is the exhaust pipe, and if such 
noises are experienced, a braided copper strap should be 
connected between the exhaust pipe at the rear of the 
vehicle and the underchassis metalwork. 
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A further source of such noises is the copper strap which 
runs from the terminal of the battery which is connected to 
the car body, and here it is due to poor contact between the 
strap and the bodywork. The strap should be removed and 
thoroughly cleaned together with the bodywork co1mecting 
point. The end of the strap should be liberally treated with 
oil containing colloidal graphite, and then refixed. 

Engines are normally gimbal mounted, and while earthing 
provisions are made, these can become defective. Miscel
laneous noises may sometimes be removed by fitting a 
substantial flexible copper strap between the engine and the 
adjacent bodywork; similar treatment should be given to the 
bonnet cover. 

Alternator Systems 

There is now a trend 10 replace the usual d.c. charging 
system and its associated generator by an alternator/rectifier 
arrangement coupled with an electronic voltage regulator. 
Aside from the increase in reliability and its other advantages, 
such systems bring about a substantial reduction in the 
number of sources of interference to radio equipment. 

NOISE LIMITERS 

All hough a great deal can be done to reduce nvise inter
ference on a vehicle to a very low level, some residual noise 
will remain unless extensive modifications a rc fitted such as 
fully screened units, cabling and screened plug connectors. 
For amateur purposes, the cost of such changes can rarely 
be justified. ln addition, even assumiog a perfect system, 
interference is almost bound to be picked up from nearby 
vehicles suppressed only to tile statutory level. For the 
latter reason in particular, it is essential that a receiver 
intended for mobile communications work is fitted with an 
effective noise limiter. 

Of the simple noise limiter circuits, the series limiter has 
proved to be somewhat more effective than the shunt 
limiter insofar as ignition noise is concerned. A self
following series noise limiter is shown in Fig. 16.4 and in 
this the values have been selected for optimum operation on 
noise pulses of ignition duration. The circuit also functions 
ns n detector and provides non-delayed a.g.c. 

The shape of the noise pulses is modified by the preceding 
stages, with the risetime increasing as the bandwidth is 
decreased. Ideally a noise limi ter should operate on the i.f. 
chain rather than on the audio outpur, and be positioned as 
near to the mixer as possible. Noise silencers functioning 
wi th the i.f. strip are a practical proposition, but in view of 
their relative complexity and the incrca5c in the number of 
valves wh.ich they demand, they are not commonly used in 
mobile cquipmeot. 

An improvement in the performance of the circuit of 
Fig. 16.4 can be achieved by combining both series and shunt 
limiters in the manner shown in Fig. 16.S. rn this case 
however, tJ1c double diode is only concerned with noise 
limiting, and a separate valve has to be provided for detection 
and a.g.c. Since this limiter circuit is effective on all types of 
noise pulses, and gives a higher degree of suppression, the 
use of a n extra valve can be justified. The ci rcuits of F ig. 16.4 
and F ig. 16.5 are both self-adjusting to the carrier level. 

A worthwhi le improvement io the performance of a noise 
limiter can be obtained by following it by an audio filter 
designed 10 attenuate the upper frequencies. The very nature 
of a noise pulse gives it a high harmonic content. and thus 
if the frequency response of the following stages is restricted. 
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fi g. 16.4. Automatic noise li miter with good perform:ance on 
ignition pulses. The circuit alto functions as a d iode detector and 

provides a.g.c. 

it will have the effect of softening the residual pulses which 
manage to get through the limiter circuit. Fig. 16.6 illus
trates the circuit of F ig. 16.5 incorporated in an arrangement 
which includes such a filter, together with detector and a.g.c. 
circuits. The a.g.c. circuit is interesting in that it provides 
two levels of a.g.c., one for the i.f. stages and the other for 
the r S. stage. In the interests of best signal-to-noise ratio, it is 
desirable to reduce the gain of the i.f. stages at a faster rate 
than that of the r.f. stage. This condition is achieved by 
connecting the r.f. a.g.c. line to a potentiometer across the 
a.g.c. source. The full a.g.c. vol tage is fed to the i.f. stages, 
but only about one-fifth of the voltage developed is applied 
to the r.f. stage. 

On v.h.f. and u.h.f. where adjacent channel in terference is 
substantially less than that on Lile h.f. bands, it is practicable 
to combine a "squelch " circuit with a noise limiter. A 
squelch circuit is a gated audio circuit arranged in such a 
manner that the audio output is cut off until a carrier is 
present. The change in the circuit d.c. conditions which 
takes place when a carrier is received switches the audio 
output" on." One of the most satisfactory arrangements is 
tbat of tbe TNS (T111i11 Noise Squelc/z) the circuit of which is 
shown in Fig. 16.7. l'n this circuit, provision is made to 
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Fig. 16.S. A combined series and sh unt limiter $Clf·adju1tin1 to the 
carrier level. A separate detector and a..g.·c. drcuit needs to be 

provided. See also Fig. 16.6 which incorporates this circuit. 
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Fig. 16.6. Circuit d iagram of noise limiter ;ind ~.f. stages for a mobile receiver. For intermediate fre
quences between 450 kc/s and l Mc/s the capacitor CA should be 100 p F : above 10 Mc/s the capacity 
should be -47 pF. The two 470 pf capacitors in the ~udio filter should be :!: l per cent tolcr.ance type. Var
iations in these value.i will alter the cut-off frequency :u will different inductance values for the choke. 

The meter t·e.st point is (or use when alignlng the receiver. 

select the carrier level at which the audio output is turned on, 
this being determined by the position of R3. When R3 is 
greater than R2, the audio gate is open all the time, and the 
circuit functions purely as a limiter. As R3 is progressively 
decreased in value, an increasingly large carrier is required 
to trip the audio gate into tbe" on" posit ion. 

A setting of R3 will be found where the audio just goe-s 
" off." At this point it may be fouod that heavy inter
ference pulses trip open the audio gate, and for this reason 
R3 usually has to be set sl ightly lower. This circuit is not 
suitable for the reception of signals which are below tbe 
inherent noise level of the receiver unless R3 is in the " off" 
position. However it is particularly useful when waiting 
fo r signa ls in the medium to strong category, say S3 and 
above, ror during the waiting period the receiver will be 
completely silent. T he effect of the audio gate is unusual 
l'or those more accustomed to the background noise pro
duced by most v.h.r. receivers. 

No mailer which circuit is employed, every care must be 
taken in wi ring a noise limiter to ensure 1hat no stray coup
ling exists which could lead to the noise pulses bypassing the 
limiter. lnput and output circuits should always be run in 
screened cable, these cables being connected to earth at one 
end o nly. Additionally, in the case of high performance 
limiters such as those shown in Figs. 16.5, 16.6 and 16.7 a 
low-loss valve base is essential. 

Sem iconductor Limiters 

Generally, semiconductor diodes may be substituted for 
thermionic diodes in noise limiter circuits provided that 
certain requirements are me(. Since any limiter circuit 
depends for its sat isfactory operation on the diodes having 
an inAnile resistance in one direct ion, and bea ring in mind 
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Fig. 16.7 . Circuit diagram of the twin noise squelch. 
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Fig. 16.0. Semiconductor Dickert adju stable n~iso l i mi~er associated 
with valvu operated detector and a.g.c. r ectifi er circuits. The a.g.c. 
del ay voltage utually Ii~ between JV and 8V and may be obtained 
rrom th o cathode of an audio valve or from :t potentiometer chain 

across the h .t. supply. 

the variable limiting feature is not required, VRI may be 
replaced by a fixed resistor, and R2 connected directly to the 
point marked " X." Points requiring special attention are as 
follows: (11) Silicon diodes must be used; (b) the ON-OFF 
switch should be of a type having the lowest possible capa
city between the stator terminals; and (c) The lead to the 
switch from the junction of VRl and R4 must be screened as 
must be the lead to the switch from the cathodes of the 
diodes. 

HEATER WIRI NG 

In valve operated equipment, it is useful to be able to 
check the equipment under bench conditions without the need 
to provide a 12 volt heater supply. Aside from this require
ment, if the units can be designed so that they will operate 
from either a 6·3 volt or a 12 volt supply for the valve 
heaters, then the equipment may be made to give service 
under fixed station as well as mobile conditions by employing 
a standard power pack. 

Such a facility can be arranged by wiring the heaters in a 
balanced series parallel arrangement as shown in Fig. 16.9. 
Jn this, the requirement is that the current in the arm A/C is 
equal to the current in the arm C/13 and that the valves 
connected in each arm are designed for 6 volt operation. 

The first step is to note all the individual heater currents, 
and then arrange the valves in a manner similar to that of 
Fig. 16.9 so that the discrepancy in the currents between 
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EQUALIZING BALLAST REStSTOFt - SEE TEXT 

Fi g. U.9. Universal heater wiring a ll owing the optional use of a 
6 volt or ll vol t supply. 
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A/C and C/B is as small as possible. For mobile oper8:tion 
dial lamps are something of a luxury and arc better Oll11~ted 
in most cases. Jf dial lamps are used they arc best wtred 
separately. This is because they tend to be unreliable and on 
becoming faulty can upset the balance of the heater supply 
circuits. 

The arm of the circuit which is short of c11rrc111 will have to 
be fitted with a ballast resistor of such a value that it con
sumes the current deficiency and so equalises the currents in 
the two arms. Since the current in the ballast resistor wastes 
power, the more similar the currents in eac~ arm can ~e made 
by the careful selection of valve types during the design, the 
less waste there will be in tbe balancing process. 

When 12 volts is applied across A/B then 6 volts will 
appear across AJC and C/B, and hence the value of the 
ballast resistor is calculated for an applied voltage o f 6 volts 
according to R (ohms) = E/I where E is 6 volts and I the 
current deficiency in amperes. The power dissipated in the 
ballast resistor will be W (watts) = El. To allow adequate 
margin, tho rated wattage of tbe resistor should be at least 
twice the calculated working wattage. 

For operation on a 12 volt supply, terminals A and Bare 
used. When operation on 6 volts is desired, terminals A and 
Bare linked together, and the supply applied between C and 
AB. Normally B is the heater earth return through the 
chassis, and for 12 volt working the supply is applied to A 
and C is left floating, while on 6 volts, A is earthed, and the 
supply taken to C. 

To avoid the possibility of connecting the heater line to a 
12 volt supply when wired for 6 volt operation, it is suggested 
that the heater wiring is terminated on a socket placed on the 
rear of the chassis, and to which the various h.t. supplies may 
also be connected. Separate, and correctly wired plugs, can 
then be used and these arranged to pick up artd bridge across 
the ABC co~nectioos as required for each mode of operat ion. 
The use of a switch is to be avoided. 

EQUIPMENT SCHEMES 

When contemplating mobile operation, two possible 
courses arc open: 

(a) to employ a converter in conjunction with a BC 
receiver for reception. and use a separate transmitter, 
or 

(b) to construct a transceiver unit to the specific require
ments of mobile operation. 

There is no doubt that the second course is by far the 
best. In a transceiver the modulator, or part of the 
modulator, can function as the audio amplifier during 
reception. In many respects the design, installation, and 
servicing of an integrated unit poses fewer problems than 
those encountered in connecting up and operating a number 
of individual units. 

Added advantages of the self-contained transceiver, 
especially if designed for operation on either a 6 volt or a 
12 volt heater supply, are its potential for use under fixed 
station conditions, and the ease with which it may be 
physically moved from one position to another. Even if the 
construction of a transceiver means duplicating equipment, 
th.is may have advantages. There is a degree of u1ueliability 
in all equipment, and if the main station receiver or trans
mitter should break down, then the mobile transceiver could 
take its place. 

While the simplest transceivers are those designed for 
single band operation, many of the complications of band-
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VHF LF mitter in such a manner that only 

during tho transmii periods docs the 
voltage co nverter operate for the 
purpose of supplying h.t. 10 the trans
mitter s tages. During reception, and 
by the use of the valves and technique 
outlined, consumption from the 12 volt 
source need not exceed I ampere fo r an 
audio output of I wan. 
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A circuit of a low voltage valve con
verter is shown in Fig. 16.IJ. This 
employs three readily available Mullard 
valves, types EF97, ECH83 and EF98, 
and depending on the coils fitted, will 
operate up to 30 Mc/s. 

Fie. 16.10. Employing a switched converter with a ba.sic receiver in conjunction with a dual 
band tran1mltter. This confl;uratlon may be adapted for 1·8 Mc/sand 70 Mc/s operation. 

switching can be avoided if the transceiver is designed for 
operation on widely differing frequencies. T he transmitter 
can be arranged along the lines of the l ·8 Mc/s/ 144 Mc/s 
dual frequency unit shown in Fig. 16.34, while the receiver 
cau be a basic unit covering the lowest frequency range 
desired, in front of which is switched a self-contained con
verter for the higher frequency band. A block diagram of 
the method is shown in Fig. 16.10. 

Despite the accent on the use of transceivers, the following 
circuits are mainly concerned with individual items. There 
is no reason however why various designs should not be 
linked together in transceiver form. 

RECEIVING EQUIPMENT 

With valve operated equipment there is always the 
problem of providing a suitable h.t. supply, and arranging 
for the conversion of the car supply up to the required h.t. 
potential at the highest efficiency. While transistorized 
receivers working directly from the vehicle battery offer the 
best solution in respect of reception, for a radio amateur 
faced by a limited budget and 
stocks of standard components, 
the cost of producing a com
pletely transistorized receiver 
may be too great. 

-:-o.os 

LI 

T he EF97 functions as an r.f. amplifier, the ECI-183 as a 
mixer, and the EF98 is triode connected and used as the 
local oscillator. It should be noted that although the ECH83 
is a triode heptode, and as such could be used as a self
oscillating mixer, the triode section is unused. This course 
has been found to give higher oscillator stability on the 
upper h.f. bands. ln a complete receiver, the triode section of 
the ECH83 may be used ns the first amplifier of the audio 
chain. 

It will be noted that the i.f. output is specified as l ·5 Mc/s, 
but this value is only quoted so that the converter may be 
used in conjunction with a car broadcast receiver function
ing as an i.f. and audio unit. Any desired i.f. may be secured 
according to the frequency difference between received 
signal and that of the local oscillator. 

Due to the lower mutual conductance of these valves, it is 
essential to employ ferrite cored coils of high Q. Small air 
cored coils are unsuitable, and their use will result in inferior 
performance. 

One point requires special attention during construction. 

47K 
:fl·:"" C3 
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A partial solution is to be 
found in valves which are 
designed to operate from an h.t. 
potential of 12 volts, for by the 
use or such valves, standard 
valve practice may be employed 
in the r.r. mixer and i.f. stages, 
and these followed by semi
conductor detector, a .g.c. and 
noise limiter circuits feeding 
transistorized audio stages. 
While the overall consumption 
will be substantially higher than 
that of a fully transistorized 
receiver, it wilJ also be sub· 
stantially lower than an arrange
ment which employs standard 
valves throughout together with 
a voltage conversion system. 
Such a receiver can be operated 
in conjunct ion with a trans-
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HEATER CI RCUIT FOR 12 VOLT SUPPLY 
Fi;. 1,.H . Convert10r IOMployins ~tvee deoign&d to work on a n h.t. aupply of 11 volts. N ote that to 
accommodat.e a positive earth supply t:he usual e~rth line t~kes t he form of a bus .. bar, to which the 
frame or the tuning ca.pa.citor is ~Ito connect.ed. The t:uning ca.paeitor must be fully insulilted from the 

ch:i.ssis. By the use of suitable coilt, the converter m:iy be operated on frequencies up te 30 Mc/s. 
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It will be seen that the "h.t." line is actually connected to 
earth since, in most vehicles, the positive of the battery is 
connected to the chassis. Unlike normal wiring therefore, 
the circuit ends which are usually connected to chassis must 
be connected to a bus bar which is suitably bypassed for 
both r.f. and a.f. currents. With regar d to the tuning 
capacitor, while this could be connected directly to the 
chassis. the circuit then being completed through the earth 
bus bar decoupling capacitors, it is better to insulate the 
tuning capacitor from the chassis, and to connect the frame 
of the capacitor directly to the earth bus bar. If this course is 
adopted, an insulated coupler must be employed between the 
shaft of the capacitor and the dial system, or the capacitor 
shaft insulated in some other manner so that it cannot short 
circuit to the chassis. 

Low Voltage N uvistor Converter 

RCA have introduced a nuvistor valve designed for 
operation with a 12 volt h.t. supply, in which a high 
standard of performance is maintained up into the u.h.f. 
region. This nuvistor has the type number 8056. 

The circuit of Fig. 16.12 illustrates the 8056 nuvistors in a 
70 Mc/s converter designed for operation in conjunction 
with a positive earthed 12 volt supply. LI , L2 are mutually 
coupled to provide a level bandpass over the range 70·1-
70·7 Mc/s. VJ functions as an inductively neutralized r.f. 
amplifier, LN being the neulrnlizing inductance. The output 
of Y I is fed via a further bandpass circuit L3, L4 to tbc grid 
of the mixer V2. Injection from the local oscillator Y3 
which employs an overtone circuit, is by capacity coupling 
to the grid of the mixer valve. The purpose of tbe 15 pF 
capacitor between anode and cathode of the mixer valve is 
to form a bypass for the oscillator injection and signal 
frequencies, and this has the effect of reducing the mixer 
noise. 

It will be noted that values arc not given for the i.f. output 
frequency or the crystal, and neither are winding details of 
LS specified. All of these are dependent on the equipment 
with which the converter is to operate. The converter may be 
operated with an i.f. down to J ·8 Mc/s, but below this 

frequency it is difficult to prevent radiation Crom the local 
oscillator swamping the signal circuits, and even at this 
frequency extensive screening is needed between the local 
oscillator and the aeria l circuits LI, L2. At intermediate 
frequencies of 3·5 Mc/s :md higher, the problem becomes 
somewhat easier, and no difficulties should be encountered. 

ln view of the proximity of the 70 Mc/s band to Band 1 TV 
and Band 2 F.M. transmissions, care should be taken to 
avoid intermediate frequencies which might give rise to 
interference. 

The oscillator may be operated in either the third or fifth 
overtone mode, but whichever is selected, crystals designed 
for overtone operation should be employed. For injection 
frequencies higher than 60 Mc/s, HC-6/U subminiature 
surplus overtone crystals arc satisfactory in the fifth overtone 
mode. These crystals arc normally marked with their third 
overtone frequency, and thus their f1111damef/tal fre
quency may be determined by dividing the marked frequency 
by three. 

Once the oscillator frequency has been decided, LS 
should be proportioned so that it resonates at the injection 
frequency with the 12 pF c.1paci tor. The coil may be 
calculated in the usual manner, or its size experimentally 
determined with the aid of a g.d.o. Initially, the tapping 
point should be set at one-fifth of the total number or turns 
counted from the grid end of the coil. Provided that the coil 
size has been determined with the core substantially out of 
the coil, winding the core into the coil will compensate for 
the tap, but in any event, the setting of the core over which 
oscillation takes place will be found to be broad. Provided 
that oscillation ceases when the crystal is removed, the 
circuit may be considered satisfactory. If oscillation con
tinues with the crystal removed, adjust the position of the 
tap to reduce the number of turns on the grid section of the 
coil. 

Nuvistor H ybrid Converter 

The circuit of Fig. J 6.12 may be modified to valve/tran
sistor hybrid operation by substituting a transistorized 
overtone circtLit for the oscillator. This arrangement bas 

-12V 

Fis. 16.12. 70 Mc/ s converter employing nuvisto r valves designed for an h.t. supply or flV. Coils LI, Ll, Ll and L4 , S turns, n s.w.1. -?c in. long 
on fin. dia. formers all fitted with ferrite core.s. Aeria.1 tapped on to L 1 tt turns up from earthy end. Seo text in relation to i.f., L5 and crystal. 
Ln, 32 t.w.g. enamelled wire close wound on j. in. former fora leng·th of i in. The desiin may be modified for other frequencies between l8 Mc}s 

to 146 Mc/• by app ropriate coil change .. 
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certain advantages over an all-transistor converter and these 
arc: (a) by using valves in the r.f. and mixer siages, the 
inferior high level cross modulation characteristic of bipolar 
transistors is avoided; (b) the reduced possibi lity of damage 
to the r.f. stage by stray r.f. when using a valve compared to 
a transistor. The heaters of VJ and V2 may be connected 
in series across the 12 volt supply. 

The ci rcuit of the transistor injection oscillator is shown 
in Fig. J6.t3. Like its valve counterpart, this is a lso an 
overtone circuit, the crystal oscillating in its series mode 

22K 

Fis.16.13. A t...ansistor overtone.oscillator which may be subitituted 
fo• the valve VJ In Fig. 16.12.. HC.6/ U c•ystals ue suitable fo• thi• 

circuit. See text. 

between the base of the transistor and earth. This circuit is 
not suitable for high capacity crystals, but will function with 
nearly a ll crystals in which the electrodes arc sputtered or 
plated on to the crystal surfaces. Third and fi fth overtone 
outputs arc adequate, but the amplitude of output on the 

2·2 / SpF 

47K 
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6UB 
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seventh overtone is insufficient to produce adequate injection 
into the mixer valve. 

The frequency of the crystal, and the winding of the coil, 
LS, should be determined in the same manner as for the 
circuit of Fig. I 6.12. Since the· collector tuned circuit is 
fairly heavily loaded, L5 should be tuned to the correct 
frequency with the aid of a grid dip meter bej(m1 the tran
sistor is connected, and without the S pF capacitor between 
coJJector and emitter in position. Again due to the loading, 
the setting of the core of LS over which oscillation takes 
place wi ll be found to be not critical, and in fact variation of 
the setting of the core of LS is a convenient manner in which 
to adjust the oscillator injection to the mixer. 

Low N oise H igh Stability Converter 

Under mobile conditions there is little point in employing 
equipment designed to give the lowest possible noise level 
because of the residual interference in a vehicle which has 
been supJJrcsscd, and noise generated by external sources. 
Under static mobile or portable conditions however, signal· 
to-noise ratio is as important as in fixed station operation 
especially in view of the inevitably inferior performance of a 
mobile aerial compared to that which can be used by a fixed 
station. 

The circuit of Fig. 16.14 shows a two valve three stage 
converter for the bands between l ·8 Mc/s and 30 Mc/s in 
which special attention has been paid to the signal-to-noise 
ratio, and also to the stability of the local oscillator. It 
employs two ECF82/6U8 valves in an unusual configuration. 

The pcntodc section of the first ECF82, Vla, which has a 
low equivalent noise resistance, is employed as a straight
forward r.f. amp liner. The mixer employs the triode sections 
of both valves, VI band V2a, in a circuit originally developed 
for use on the v.h.f. bands and usuaJly described ns a cathode 
follower mixer. VJ b operates as a cathode fo llower, the 
output of which is directly coupled to the cathode of V2a. 
The local osci llator is injected into the grid of V2a, and 

10K IRF GAnd I 
TUNE 

Fig. 16.14. Low noise high .cability convene• fo• frequencies between 1•8-30 Mc{s. Vt and Vl 3.C> both ECF82{6U8. Coils LI and Ll a•c selected 
a cco•ding to the tuning •ange to be c:ovo•cd, and fo• h igh Q , Fo• the values of Ll, CA, CB, CC, and CT .ee Tablo 16. t and text. 

16.9 



RSGB-RADIO COMMUNICATION HANDBOOK 

mixing takes place io this 
section. The local oscillator is a 
high stability Vackar circuit 
using the pentode section V2b. 

AERIAL------, 

(a) 

~--------,, 
' ' ' ' ' \ 

SCREE NING BETWEEN COILS 
2·2pF 

0 

GRID 
O F Vi ci 

Due to the widely differing 
LC ratios in the oscillator and 
r.f. circuits, no'auempt is made 
to gang these circuits, and thus 
the dial arrangement only oper
ates on the local oscillator 
tuning. The r.f. tuning control 
functions as a peaking control 
in a manner similar to that 
employed in many s.s.b. trans
ceivers. As the pcntode section 
of the ECF82 has a short grid 

RF 
Switching 

',,.__ _____ .... 

base, a.g.c. is no t applied to the 
r.f. amplifier Via. Experience 
has indicated that, under mobi le 
conditions, unless the station 
being received is in close 
proximity, a.g.c. is not required, 
and whore such a situation 
exists, operation of the r.f. 
ga in contro l a llows overload 
distort ion lo be removed. 

( b) 
Osc illator 
Switching 

' ', ', 

4.7K 

' ' ' ' ' Sid 

0 0 

!._ _____ f_gf.:!· _______ ../ 

Sic --, 
Of 

I 
I 

I 
i 
L_ 

! i 

Icx; i ly T< ~Cz 
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TUNE 

Coils used for LI and L2 
must be identical types and 
have a high Q. Details of the 
oscillator coil, together with 
values for CA. CB, CC, and an 
approximate value for er will 

Fig. 16.15. Switching to be added to Fig.16.14 for m u lti band ope r;ition. Ll, CA, CB and CC, are •elected 
from Table 16.1 according tot.he: range.s req ui red and the compone nts fo r each ranged wired to t he 
5witch sect io ns S10 and S1E as shown. For clari t y only the com ponents fo r one ra.nge are shown. CT 
is select ed fo r the lar·ges't val ue required, a rid b y use o f the series capacitors X, Y and Z re du ced to the 

effective capacity needed for the hi ehcr frequency range.s. 

be found in Table 16.1 for 
oscillator frequencies between 1 °tl'lc/s and 39 Mc/s. lo 
relation to the oscillator in general, attention is drawn lo the 
sub-heading Vackar Oscillator in Chapter 6 on page 6.14. 

While tJ1e diagram of F ig. 16.14 illustrates the unit as a 
single frequency tuner, there is no reason why the unit 
should not be banclswitched and so cover a number or ranges. 

TABLE 16.1 

Rango in I which u 
oscillator 

is required -
t o tuno S.W .G. TURNS CA CB cc CT 
in Mc/s enam . cl ose wound approx . 

t-
1·0- 1·5 34 Two laycn 

ca.ch 70 turns 680 6800 680 10-300 
1'5- 2-5 34 70 556 4700 SS6 10-250 
2'3- 3·3 34 45 556 4700 556 10-250 
3'1- 4-5 28 45 500 2700 500 10- 100 
4·5- 6·3 28 35 300 2700 300 10-50 
6·3- 8·8 26 30 200 1800 200 10-25 
7·8-11·0 26 20 200 1800 200 10-25 

10·5-15·0 24 20 100 1000 100 10-35 
13-5- 19·5 22 15 100 1000 100 10- 30 
18·7- 2S·S 20 15 68 1000 68 10- 25 
25·0-33·0 20 10 68 1000 68 10- 30 
33·0-39·0 20 7 68 1000 68 10- 30 

All coils ar·c wound on -k in. dia. former5 and nucd with t in. rcrrite 
corcs. C•p•citor lfalucs for CA, CB, CC, •nd CT ore in pf. Th~ value 
quoted for CT is approximately that required to tune across the nearest 
3miltcur band. Larger frequency chanzes will require a corresponding 
inc.rcuc ir. upic.ity swini. and ic: should be noted that tuning CT brings 
;ibout a decrease In the osc.illator frequency, ;rnd thus LJ should be 
sclccred for che hiihut frequency required. The 10 pf minimum value 
given for CT in each QUI includes stny circuit GlPilCity. 01cillator 
frequency is signal frequency plus or minus intermediate frequency. 
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Such an arrangement is particularly useful where it is 
desired to employ it as a basic receiver on one or more of the 
h.f. bands, and to operate it wi th a v.h.f. converter having an 
i.f. output on a frequency which docs not coincide with an 
amateur band. 

The circuit o f rig. 16.15 de tails the switching required, and 
the manner in which it is related to the circui t of Fig. 16.14. 
While the r.f. switching is straightforward, the oscillator 
switching requires some explanation in one particular respect. 
It will be noticed that on one frequency range the oscillator 
tuning capacitor is d irectly cortoected to the oscillator coil, 
while on the other ranges, it is connected via a series capaci
tor. E xamination of Table 16. 1 will show that as the fre· 
quency increases, so the value of CT decreases, and, in addi
tion, to secure ba ndspreacl ing over the full traverse of tJ1e 
tuning capacitor, d ifferent values are required for each band. 
The switching is therefore a rranged so that the full value of 
the capacitor is connected to L3 on the lowest frequency band 
to be covered , but, by the use of series capacitors on the 
higher ranges, its capacity is effectively reduced to the value 
needed for the other inductances. These series capacitors arc 
denoted as CX, CY and CZ on Fig. 16.15. 

Crystal Controlled Conve rte r 

Where a broadcast receiver is already instaJJed in the 
vehicle, it may be deemed satisfactory to employ a crystal 
controlled converter ahead of this receiver, aod to use it as a 
tunable i.f. system. A converter suitable for the DX bands 
of 14 Mc/s, 21 Mc/sand 28 Mc/sis shown in F ig. 16.16. By 
suitably changing LI, L2, and modifying the oscillator 
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p,:::::..::_-_·:::::-- ---.:-"#ourPur Table 16.2 indicates some 
: I '-:t of the possible crystal fre-

VI 220 t WW 
~-_,.,vv-..... ---' 

1l----- ------· -----"~lciv quencics, the oscillator output 
frequency, and the i.f. tuning 
range for the three higher h.f. 
bands. In Fig. 16.17 is sho.v11 
the modified oscillator circuit 
for use when the converter is 
to be used on the I ·8 Mc/s, 
3·5 Mc/s or 7 Mc/s band~ with 
the corresponding crystal fre
quencies. 

12V 

V2 ! 
~~ 

I< 

___________ ../ 

R7 
SK 

Cl2 
6000pF 

Fig. 16.t6. Circuit diagram of the crystal controll ed mobile converter . L1. 12 turn s 16 s.w.g. t in. dia., 
;; in. long, tapped at l t turns; Ll, 13 t u rns t6 s.w .g. i· in . d ia. t in. long tapped at St turns ; L3, 13 t urns 

16 s.w.g., f· in. dia., i in. lonu, tapped at 2t turns. Crystal, see te><t and Table 16.2. 

It will be noted that the 
anode of the mixer section of 
the 616 is not tuned by the 
primary of any i.f. trans
former, the output being 
resistance capacity coupled to 
the following stages. This 
simpli fication aids the connec
tion of the converter to 
following equipment, and 
gives a more level output over 

circuit, the same basic arrangement may be used for 
the lower frequency bands of I ·8 Mc/s, 3·5 Mc/s and 
7 Mc/s. 

Two valves are employed, a 6AK5 functioning as a r.f. 
amplifier, followed by a 6J6 mixer. One section of the 6J6 
operates as a triode mixer, and the other as an overtone 
oscillator. In the original design of this circuit, injection 
from the oscillator to the mixer was achieved by positioning 
L2 and L3 relative to each other so that a degree of coupling 
existed between them. Tt has been found easier to set the 
oscillator injection to its optimum value by employing a small 
" gimmick " capacitor between the anode of the oscillator 
and the grid of the mixer, and to posi tion the coils L2, L3 so 
that there is no interaction between them, i.e. al right angles 
to each other. This capacitor is shown as Ge on the diagram 
and consists of two 22 s.w.g. p.v.c. insulated wires twisted 
together for a length of t in. On the lower bands, 1 ·8 Mc/s 
and 3·5 Mc/s in parricular, Ge should be replaced by a 
capacitor of between 2·2 pF and 5 pF according to the notes 
which foll ow. 

Lii 

Cl3 

p. /SpF 

TO MIXEO 
GRID, PIN 5 

7 
R6 

<:7K 

R7 

SK 
HT 

BAND CRYSTAL r.ioCEIVER 
Mc/> Mc/s Mc{s 

1·6 I · 3 o.s - 0 -7 
3 . 5 2·5 1.0 - 1·3 

7·0 6-0 1· 0 - 1- 15 

CRYSTAL 

Fig. 16.17. Modified crystal oscillator circuit for use w ith Fig. 16.16 
where the converter is to be used on the three lower H .F. bands. 

L4' is adjusted to r·a..s:onate at tho crystal frequency with C1f. 

the band tuned on the broadcast receiver. 
Provided that LI and L2 arc carefully constructed, and 

well screened from each other, it has been found possible to 
use a ganged tuning capacitor for C l/C6, and th is aids 
operation by reducing the controls to a single " peaking ·· 
knob, the major use of which will be in the 28- 30 Mc/s band. 
Where the receiver following the converter has appreciable 
gain, the output of the converter may be reduced by lowtring 
the value of the output capacitor CIO. 

TABLE 16.2 
Suggested crystal frequencies and out puts for t.hc crysb.I 

controlled converter. 

Band Crystal Oscillator Roceivor 
frcquonc·y output tuning 

H Mcfs ~333 kc/s 13 Mc/I 1-1·5 Mc/s 
21 Mc/s 4000 kc/1 20 Mc/s 1-1·5 Mc/s 
28-29 Mc/s 9166 kc{s 27·5 Mc{• O·S-1 ·5 Mc/s 
29-30 Mc/s 5700 kc/s 28·5 Mc/s 0·5-1·5 Mc/s 

Layout of the converler follows standard practice, and 
provided that the grid coil L.l, is well screened from the 
anode coil L2, no dimcultics should be encountered. This 
is best achieved by placing a screen across the full width of 
the chassis so that it crosses the base of VI separating the 
anode and grid pins. Rypass capacitors should be connected 
to the centre spigot, which is earthed by a wide strap, to a 
tag under one of the valve base retaining nuts. 

After the wiring has been checked, the converter should be 
linked to its associated receiver, the crystal inserted, and 
power applied. The frequency of the crystal oscillator should 
either be verified with a sensitive absorption wavemeter, or 
checked by listening o n the appropriate frequency on a 
wide range receiver. It is essential to verify the frequency 
where the converter is to be used on the three higher bands 
since in some instances the oscillator operates in the third 
harmonic mode, and in others on the fifth harmonic. After 
it has been ascerta ined that the crystal oscillator is operating 
in a satisfactory manner, a signal, preferably from a genera
tor, should be applied to the input socket. Where ganged 
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tuning has been incorporated, Cl / C6 is adjusted to peak the 
signal, and then the turns of Ll are squeezed or spread to 
bring about any further increase. Following this, the capacity 
Ge should be adjusted, first larger, and then smaller, to 
determine whether the injection level is correct. Over a 
particular range of the size of Ge, the output will remain 
substan tially constant. T he size of Ge finally flttcd should 
be the srnal lest capacit<rnce a t which the output remains a t 
this level. With the modified circuit the value of C l 3 is 
changed to bring about the same e!Tect. 

On the lower frequencies, commercial coils and their 
associated link windings may be substituted for LI and L2. 

Low Consumption Communications Receiver for 
1 ·8 Mc/s, 3·5 Mc/s and 28 Mc/s 

This design will mainly be of interest to the more ex
perienced operators since it provides circui t information 
only. 1t is primari ly intended for those who do not wish to 
venture into the field of transistors, but who require a 
sensitive receiver for mobile or portable operation. In view 
of the rapid advances in transistors, it could well be that 
receivers of th is type are considered archaic, but the design 
fills an information vacuum. 

The receiver is designed to operate with either a 12/14 volt 
heater line supply unit, or from a mains power unit providing 
a 6·3 volt hcC1ler supply. T his is accomplished by scries
parallcl connecting the valve heaters in the mal\ner pre
viously described. At 12 volt nominal, the heater circuit 
consumes J ·I amp., while on 6·3 volts this rises to 2·2 amps. 
These currents are without optional dial lamps fitted . The 
250 volts h.t. supply line requires a current of just under 
90 mA under no-signal conditions, and thus to accommo
date the s tabilizer for the 105 volt h.t. line, the power unit 
bus to be capable of delivering a maximum of 120 mA at 
250 volts. ln mobile operation where the h.t. supply may be 
obtained from a transis torized d.c. to d.c. converter, the 
total battery consumption does not exceed 4·5 amps. With a 
vibrator supply, and its lower efficiency, a higher overall 
consumption must be expected. 

The circuit diagram is shown in Fig. I<i.18. VI, a 6BJ6 
functions as a conventional r.f. amplifier. with a.g.c. Its 
cathode is returned to the manual r.f. gain control line. V2 
is a 12AHS and operates as a triodc-hcxodc mixer. A.G .C. 
is not applied to this section in the interests of freedom from 
osci llator pulling when strong signals arc received; as a 
further nid to oscillator stability, the osci lla tor h.t. is tnken 
from a s tabilized h.t. Jin.e of I 05 volts. 

A half lattice crystal filter is positioned between the out
put of the mixer and the grid of the first i.f. stage. The 
crystals arc surplus FT241 types having adjacent channel 
numbers of X I = Channel 335 (465·27 kc/s) and X2 = 
Channel 334 (463·88 kc/s). The separation of these crystals 
amounts to J ·89 kc/s, a nd if this is found to give unaccept
ably sharp tuning, or to make the audio quality poor, then 
change X2 011/y to Channel 337 (468·0S kc/s). This will give 
a separation of 2·78 kc/s, and provided that the trans
formers specified for Tl and T2 are employed, will be entirely 
satisfactory for a.m. phone transmissions assuming that the 
receiver is correctly tuned. 

With such a simple filter, undesirable side responses may 
be encountered, as may a dip in the centre of the bandpass. 
It has been found that both of these effects may be minimised 
to a point where they are no longer troublesome by careful 
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selection of the crystals used at XI and X2, and care in the 
alignment of Tl an d TI. Starting with six crystals of each 
of the channel numbers to be employed, it has been found 
possible to select a pair which give a satisfactory perform
ance wilhout becoming involved in shifting any of the crystal 
frequencies. With six sets, two pa irs wi ll probably be found, 
but despite this, it is prudent to commence wi th s ix of each 
type. 

The overall selectivity of the filter is adjusted by varying the 
impedance of the crystal loading by means of VR3. This 
carbon track control should be adjustable from the front 
panel. H required, VR3 could be replaced by a switch giving 
four pre-selected sensitivity levels, as illustrated io Fig. 16.19. 

The first i.f. an1plifier, V3, a 6DJ6, has a.g.c. control, 
manual adjustment of gain is obtained by returning its 
catJ1o:lc lead to the r.f. gain control circuit. The second i.f. 
amplifier V4, again uses a 6BJ6, but in this case, neither 
a.f.!.c. nor manual gain control is applied. 

A meter is connected io measmc the difference in poiential 
between the cathodes of V3 and V4. Since the voltage 
measured will vary according to the signal level, the meter 
can be calibrated in terms of s ignal s trength. 

Under no-signal condit ions, the cathodes of V3 and V4 w iU 
both be at a potential of approximately I volt and there will 
be no reading on the meter. When receiving very strong 
signals, assuming that sufficient a.g.c. will be developed to cut 
off V3, causing its cathode to fall to 1.ero volts, the potential 
across the meter will rise to l volt. Potentiometer VR4 is 
included in series with the meter to convert it into a volt
meter wi th a full scale deflection of l volt. In practice, 
however, V3 will never be cut off completely, and for this 
reason eve11 the strongest signal wi ll not drive the meter 
pointer against the full scale end stop. The cathode fixed 
resistor of V4 is a potentiometer, the slider of which 
is taken to the metering circuit. With the aerial and earth 
terminals shorted together, adjustment of YRS enables 
the meter to be set to zero by allowing point R to be set lo the 
same potential as that developed at point Q. 

Semiconductors arc employed for detection and a.g.c. A 
delay bias of approximately 20 volts is applied to ihe a.g.c. 
diode CR2 by returning its cathode to the junction of the poten
tiometer chain R21 / R22. A.G.C. delay is to some extent a 
matter of personal choice, and if this is considered to be too 
high, it may be reduced to approximately J 0 volts by replacing 
IU2 by a 10 Kohm resistor. As the diodes specifled do not 
have an infinite reverse resistance, under low, or no-signal 
conditions, the a.g.c. line wil l swing slightly positive. This is 
overcome by fitting the clamper diode C R3 directly across the 
a.g.c. line connected in such a manner that it conducts i11 the 
presence of positive voltage. 

V5 is a self-adjusting noise limiter circu it employing a 
6AL5/EB91 double diode. While silicon diodes could have 
been used, consideration of the heater wiring circuit will 
show that there was no point in doing so unless some other 
valve could also be removed, for, with VS in circuit, each 
arm of the series parallel heaters balances to within SO mA. 
whereas without V5 a larger unbalance would result. 

The double triode V6, 12AU7/ ECC82, combines the 
functions of b.f.o. and the audio pre-amplifier. The output 
stage is a conventional one using a 6AM5/EL91. 

The receiver covers the three most popular mobile bands 
of l·8 Mc/s, 3·S Mc/s an.d 28- 29·7 Mc/s with the constants 
of the tuned circuits proportioned so that eClch bC1nd is 
spread over vi rtually all of the swing of the tuning capacitor. 
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TABLE 16.3 

Coils, c,;ipa.ci to rs and i.f. tra.nsfor m c n used in Fi,. 16.18. 

R.F. Coils Mixer Coils Osc. Coils Value of 
Band LI Ll LJ CA, CB, CC Cp 

1•8 Mc/s Blue 3 Yellow 3 Red 3 340pf 1100pf 
l ·S Mc/s Bluo 3 Yellow 3 Red 3 170pf 1100pf 

28 Mc/s Sluo 5 Vallow S Red S SOpf Nil 

All coils are Danco mini.cure dual purpose. The number lollowing the 
colour donotcJ tho m:.nuracturer's range number. 

T ransformers 

Den co 

T1andT2 1~-T_l_a_n_d_T_4--11~~-T-S~~-i 
IFT.11 /465/CT IFT.11 /465 I BF02/46S 

Range switch 
Low loss ccnmic. two-pole three-way per b3nk, three spaced banks. 

l.F. Frequency 
Norm:.lly "465 kc/s. Correct frequency centred on cryst:t.I filter. 

To ensure accurate tracking, especially on the higher fre
quency range, and to ensure thal the coverage is duplicated, il 
is essential to use the coils specified in Table 16.3, a nd to use 
I per cent tolerance capacitors in positions CA, C l3 a.nd CC, 
and also in positions ClX, CIY, and C lZ. The tuned 
circuits nre designed for a total stray capacity of 40 pF, to 
ensure this value will be attained, 3- 30 pF trimmers are 
fitted across each coil. While th is may seem to be high, it 
must be remembered that the residual capacity of the tuning 
gang is also included in this figure. The coils should be 
switched by n low loss switch, preferably ceramic insulated, 
and the tuning capacitor must also be a high quality unit. 

Fig. 16.19. Four stepped switched 
selecti vi ty controls which m·ay 

replace VRl in Fig. 16.18. 

Alignment foll ows standard practice for this type of 
receiver. That is to say, the Lf. amplif:icr is aligned first, 
starting from the detector and working back to the mixer. 
When the i.f. is injected into the grid of the mixer, the 
selectivity contro l should be set to its sharpest position and 
the ganging oscillator tuning swung to find the sharp out
put peak which will occur as its frequency coincides with that 
of the lattice filter. Carefully tune about this point until the 
oscilla1or is precisely in the middle of the lattice bandpass, 
and then readjust the i.f. transformers. For further informa
tion on the alignment of crystal lattice fil ters, see Chapter 10 
page 10. 12. Finally, 1he oscillator, mixer and aerial 
circuits arc adjusted, bearing in mind that the cores arc em
ployed at the l.f. end of the range, and the 1rimmers at the h.f. 
end. Tn view of the limited frequency coverage, there will be 
no difficulty in achieving a high order of tracking bclweea the 
relative circuits. Dial calibration is best undertaken by the 
use of a 100 kc/s sub-standard bar once the signal generator 
has verified the approximate frequency coverage. Take 
particular care that the oscillator is set on t he correct side of 
the signal frequency. 

16.14 

1 ·8 Mc/s and 3 ·S Mc/s T ransistorized Converter 

This converter is designed to function in conjunction with 
a standard car radio used as a fixed i.f. and audio chain, the 
output from the converter being at 1500 kc/s (200 metres). 
The converter is tuned, and this permits direct calibration 
eliminating the need for mental conversion from the car 
radio dial readings. 

The converter, shown in Fig. 16.20 makes use of miniature 
plug-in coils which fit B9A valve bases, and whi le changing 
bands does involve changing coil sets, the simplification which 
this allows in the wiring is adequate compensation. If required, 
the converter can be redesigned for switched coil operation. 

Transistor TRI functions as a normal earthed emitter 
amplifier, in which the base and collector circuits are tuned 
by L1 and L2 respectively. To avoid the need for neutraliz
ation of the r.f. amplifier, a high frequency type of transistor 
must be used for TRI. 

TR2, in conjunction with L3, operates as a self-oscillating 
mixer in which tbc oscillator frequency is higher than the 
signal frequency by the i.f. of I ·5 Mc/s. The intermediate 
frequency is extracted by the transformer Tl. It is important 
that the lead between the output socket and the car radio 
aerial socket is fully screened. 

Self-oscillating transistor mixers can be hig11Jy unstable as 
far as communications applications arc concerned, and in 
addition, can exhibit frequency pulling in the presence of 
strong signals. The stitbility of the oscillato r depends very 
much on the design of L3, and if the coil details are closely 
followed, operation will be satisfactory. Pulling effects are 
minimized by stabilizing the supply to both the r.f. and mixer 
stages. It is interesting to note that stabilization of the 
supply to the r.f. stage gives a substantial improvement over 
results obtained when only the mixer supply is stabilized. 

In view of the low consumption of the converter, a 250 mW 
zener diode, ZDI, is adequate, and as it is operated in the 
region of 60 mW, there is no need to mount it on a heat sink. 
By adjusting the value of R9, tbe converter may be operated 
on a 9 volt supply, or on a supply varying between 12 volts 
and I4·5 volts as is likely to be encountered when the car 
battery is used as the source. 

In construction, care should be taken to screen LI and L2 
from each other. This is best accomplished by employing 
the canisters in which the coils are supplied, as screens 
fitted over the coils. Information on this procedure is 
supplied with the coils. It will bo noted that a three gang 
50 pF tuning capacitor is specified. As an alternative, a two 
gang 50 pF capacitor may be used for C7a and C7b and a 
separate capacitor of 50 pF for C7c, the latter being coupled 
to the tuning dial. The two gang unit will then function as a 
peaking control for the r.f. circuits. Where the unit is 
to be used under mobile conditions, it should be constructed 
within a fully screened enclosure provided with a tight 
fitting lid. For this an Eddystone die-cast box is ideal. In 
addition, the filter ci rcu.it shown in Fig. 16.21, should be 
included in series wi th the power supply lead. 

T ransistorized l.F. Strip 

Working on the premise that, ns fa r as the b.f. bands are 
concerned, it is not particularly easy to design a multiband 
aerial which shows any degree of efficiency under mobile 
conditions, it can be argued that while a bandswitcbed 
receiver might be desirable, it is not essential. If this line of 
reasoning is acceptable, then the r.f. section shown in 



CB 
O·OS * 

RS 
IK 

MOBILE EQUIPlVlENT 

1500kc/s 
OUTPUT 

-9VOR 
- J2/1 4 V 

R9 

3-30pF / C7a / C7b "'-------='-~~!~!!.f'!J~~£E~!!~!!_ __ _,/ ___________ ~E_!-~~T _____________ / C7c 5·7V TO 
6·2V 
250mW 

Fie. 16.20. 1·8/ l ·S Mc;/s transis to rized converte r fo~ u.so with a standard car radio a.s a fixed i.f. ch ;ain. The car n dio s hould be tuned t o 
1~00 kc/1 (200 me~res). T he con~erter employs m 1n1ature plug-in coils fitting B9A v;il vo bases. Capacitors CX, CY and CZ are fitted 
directly to the coils so that th~1r v3lues arc automatically changed with the coi ls. The numbers on the coil connections correspond to 

the pon connectlon1 on the B9A bases. See te"t and Table 16.4. T1 is a Danco IFT.16. 

F ig. 16.20 can be employed as the initial stages of a com
munications receiver, baodchangiog being effected by 
changing coil sets. 

Acceptance of this approach not only simplifies construc
tion but allows a considerable reduction in the overall size 
of the unit since, in any multiband receiver, a large propor
tion of the space is taken up by the coil banks and their 
associated switching. 

Tbe circuit diagram or an i.f. amplifier, detector, a.g.c. 
ci rcuit and noise limiter unit for use with the tuning head of 
F ig. 16.20 is shown in Fig. 16.22. To provide adequate 
selectivi ty at the intermediate frequency of J ·6 Mc/s, a 
simple crystal filter is included together wi th a phasing con
trol and a selectivity control, the latter altering either the 
width of the nose or the depth of the reject ion slot. Pro
vision is made, although it is not obvious from the circuit 
diagram, to remove the crystal filter from the circuit. The 
a.g.c. circuit is highly effective under conditions of fl utter 
which are often encountered during mobile working. 
Interference suppression is by the G3GFN Noise Limiter 
wbich has proved to be considerably superior to diode 
limiters under mobile conditions. In respect of this circuit 
it should be mentioned that it is protected by a number of 
patents held by G3GFN, and while it may be used in 
amateur constructed equipment, it may not be incorporated 
in commercial equipment without prior arrangements. 

Following the crystal filter unit , transistors TRI and TR2, 
which arc high frequency alloy drift types showing very 
high gain at the intermediate frequency, operate as a.g.c. 
controlled ampli fiers, control of their gain being effected by 
variation of the base-emitter current. T R3 is a further i.f. 
amplifier operated under fixed ga in condi tiocts. The i.f. 
output transformer, T S, feeds a full-wave detector circuit, 
and to secure as much negative voltage as possible for the 
a.g.c. control circuit, T5 is connected for high impedance 
feed to the detector circuit. The noise limiter circuit con-

TABLE 16.4 
Coil data for Fig. 16.20. 

Coupling Osc. CX, CY I Band R.F. coil, LI Coil L2 Coil L3 &CZ CP 

1·8 Mc/s 81uo 3T Yellow 3T W hite 3T 330pf 330pF 

3-5 Mc/s Blue 3T Yellow 3T White 3T 180pf I 330pF 
I 

As tho S.'Hnc coils arc used for each ranio. tho only difference bcinc In 
CX, CY ond C Z, uch set should bo provided with Jome >dd ition>I 
jdentific:ition. Tho coils a.r4! pro duced by Messrs. Cenco of Cl;tcton. 

sists of TR4 and TR5. VR4 functions as the limiter con
trol, while SI allows the limiter circuit to be bridged 
across when it is not required. It is essential that SI is a 
low loss switch in order to prevent noise pulses bypassing 
the limiter. 

The a.g.c. varies the potential. and hence the forward bias 
current, between the emitter and base of the controlled 
transistors T R I and TR2, in proportion to the signa l. 
T he less the signal, the higher the base potential, the 
forward bias, and hence the gain. The disadvantage that this 
system needs a posi tive supply source is more tha n offset by 
its functional superiority and the fact that a manual gain 
control may be incorporated. Only one precaution has to be 
observed, and this is that the positive source and the main 
negative supply must be switched on and off together. Tt is 

_ LI L2 _ 

FROMCAR ~ TO 
BATTERY I pF T, J:f '.'!' TRANSISTOR 

- -!. \ zov-!. RECEIVER 

i * ~05 i 
f ig. 16.21 . Filter for use in serie.s with supply from car b.J.tter1 to 
transist or recciv in1: equipment, L1/ U are a si ngle winding of SO 
turns 2'2 s.w.g. enam. wound qn :i 2 in. IC!ngth or f in. dia. fe rrite rod 
tapped at 10 turns. T he section 0 to 10 turns is LI , and the balance L2. 

100~,f capacitor is an e lectrolytic t yp e. 
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oot sufficieot to include a single switch in the 
common return line of the supply. 

It will be seeo that the bases of the controlled 
transistors are returned to the eanh line and thus 
to achieve forward bias, the emitters have to be 
made positive with respect to eanh. With the full 
bias voltage betweeo base aod ground, gain will 
be at maximum. The bias voltage is obtaioed 
via the series transistor TR7, the emitter of 
which is connected to the positive supply, and the 
collector provides the output terminal. Since the 
base of this control transistor is returned to 
earth through RJ9, and earth is negative with 
respect 10 emitter, TR7 is fully fonvard biased 
and the collector vollage is nearly + 4·5 volts. 
However, R19 is not only tl1e base resistor of 
TR7, but also the collector load of TR6. With
out any signal present, TR6 has no forward bias 
and is therefore in the cut-off condition. Once 
the detector circuit produces a negative output 
voltage due lo a signal, TR6 receives forward 
bias and commences to conduct. The resulting 
currcol tJirough Rl9 increases the voltage 
drop across il, aod this in turn reduces the 
forward bias to TR7. As the forward bias to 

TR7 decreases, its collector current falls, the 
bias to the controlled stages drops and their 
gain is reduced. TR7 may, for all practical 
purposes, be considered as an electronic variable 
resistor the value of which increases with in
creasiog signal streogtl1. 

This i.f. amplifier has a very high level of 
overall gain, and for complete stability it is 
essential that the interstage screens are filled in 
the manner indicated, and that noallempt is made 
to omi 1 any of the decoupling in the collecior and 
emitter circuits. The screens arc arranged so 
that they divide the ioput and output connec
tions of the transformers T2, T3 and T4, and so 
that TRI is contained within one screened 
compartment, and TR2 within another. Pro
vidiog that these reqlLircments arc met, and the 
circuit laid out in a straight line, no difficulties 
wi ll be encountered. 

Traosformers Tl and T2 have to be slightly 
modified. In the case of T l , the tap on the 
secondary winding is removed from connection 
five and tilpcd bnck lo the secondary to secure its 
position. Following tltis, the fixed capacitor 
across the secondary winding is removed, and 
replaced by two capacitors of twice its value 
conoccted in series. The junction of these 
capacitors is connected to tag 5 oo the trans
former. If diflicully is experienced in obtaining 
capacitors which will lit inside tl1e screeniog can, 
the two capacitors may be mounted on the base 
connectioos of the transformer after it is filled 10 

the chassis. 
Jn the case of T2, the primary tap is removed 

from tag 2 and taped back to the primary to 
secure its position. The primary tuning capacitor 
is then removed from tag 3 and connected 
to tag 2. 

The phasiog capacitor also functions as a 

16.16 



Fig. 16.lJ. Modific:ation to r.f. amplifier of Fig. 16.l~ to "?PIY a.g.c. 
rrorn tfle circuit of Fig. 16.22. With the lowest pou1bl,e sognal VRb 
should be set to the po:!;ition w~ic;h ~iv~s maximum s~gnal outp~t. 
It is important that the iMput signal. 1s below that which results 1n 

a.g.c. action. 

switch to connect and disconnect the crystal filter as re
quired. This is achieved by the simple expe~ieot of bending 
the tip of one of the moving plates so that 1t makes contact 
with the fixed plates in the full capacity position. It should be 
noted tllat the phasing capacitor requi res a fully insulated 
mounting and an insulated coupler to the panel control. 

The crystal may be of any frequ~ncy bct~ecn .1550. kc/s 
and 1650 kc/s. In alignment, the 1.f. amplifier 1s aligned 
to the crystal frequency, and then the signal and local 
oscillator circuits of the converter adjusted to produce the 
intermediate frequency. 

If the r.f. amplifier of Fig. 16.20 is modi fled in accordance 
with Fig. 16.23, a.g.c. may be applied from the circuit .of 
Fig. 16.22. Additionally, a b.f.o: m~y be acl~ed ,t.o the 1.f. 
amplifier by incorporating tl1e c1rcmt shown m. Fig. 16.24. 
An" S" meter circuit may also be added to Fig. 16.22 by 
connecting a meter with a full scale deflection of 4·5 v?lts 
between the collector of TR? and the common earth lme, 
positive to collector. Under no-signal cond ~tions, t~e 
meter will read the fu ll value or the forward bias, that 1s 
4·5 volts, but as the output from the detector circuit operates 
on TR6 and TR? and so reduces the level o f the forward 
bias, so the meter reading will fall. For signal strength 

llFO 

,_...----------..---<-:r--OON ?lo 
TO JUNCTION 
Rl4 IRIS 
FIG 16.22 

TO TAG 2 
ON TS 
FIG 16.22 

Fig. 16.24. B.F.O. circuit for use with i.f. amp lifier unit of Fig. 16.22. 

MOBILE EQUIPMENT 

measurements, the" S" scale is provided with a zero on the 
right hand side. Although such a meter m ight be considered 
a luxury for mobile equipment, in this case it will also indi
cate the state of the 4·5 volts positive supply. To reduce the 
loading on the a.g.c. line, the meter movement should have a 
sensitivity of I mA or better, and if part of the series resistor 
is made variable, this can function as a zero set control for 
signal strength readings. 

The main power for the circuit of Fig. 16.22 is derived 
directly from a source of between 12 volts and 14·5 volts, 
and this is regulated by the zener diode ZD2 to the 9 
volts required by the unit. Where the circuit of Fig. 16.20 is 
employed in conjunction with that of Fig. 16.22, the supply 
is derived from Fig. 16.22. In addition to the negative 
voltage of between 12 volts and 14·5 volts, the unit requires a 
positive supply of 4·5 volts. This is best provided by a dry 
battery built into the complete equipment. In view of the low 
current demand ou this battery its life will approximate to 
the shelf life. A leak-proof battery should be fitted. As has 
been previously noted, the on-off switching must be arranged 
so that both the positive and the negative supplies are 
disconnected in the "OFF " position. 

Where the units of Fig. 16.20 and Fig. 16.22 are to be used 
in conjunction with a transmitter. the receiver should be 
muted in the transmit condition by breaking the connections 
between the points marked as S and T on the a.g.c. control 
line in Fig. 16.22. To ensure protection of the r.f. amplifier, 
the circuit of Fig. 16.20 must be modified in accordance with 
Fig. 16.23. Any current flowing in the base-emitter circu it 
of the r.f. amplifier will be limited to a safe level unless there 
is severe leakage across the aer ial relay during trans
mission, and further, it is unlikely that the reverse voltage 
rating of the junction will be exceeded. This method has 
been found satisfactory with transmitters operating at 50 
watts d.c. input, which is somewhat higher than the usual 
mobile transmitter power level. 

Transistor Protection 
The r.f. stage transistor of a receiver operating in con

junction with a transmitter may be damaged by stray r.f. 
from the transmitter during transmission periods unless 
certain precuations are taken. 

It is essential to employ an aerial relay in which the capaci
tance between the various sections of the contact set is as 
small as possible, and a lso to arrange for the contact which 
carries the receiver aerial load to be shorted down to earth 
during the transmit period. Additionally this lead must be 
fully screened, and earthed only at the relay end, and to the 
same point as the earthing contact. These points are shown 
in Fig. 16.2S(a). 

A low v.s.w.r. on the transmission line is most important, 
and thus the aer ial matching must have close attention. 
Where the aerial is tuned by a remote a.tu. then the coupling 
line between the transmitter and the a.Lu. must also be 
adjusted for the lowest possible v.s.w.r. 

On the lower frequency bands, ii is permissible to connect. 
diodes across the first tuned circuit in such a ma11ner that if 
any voltage is developed across this circuit due to stray r.f. 
from the tnrnsmitter, then it is shorted to ground. On the 
v.h.f. bands however, such diodes, unless biased by a polariz
ing vol rage, may result in an unaccepiable increase in receiver 
noise. This is illustrated in Fig. 16.25(b). 
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Grea1est protection of the r .f. transistor will resul t if the 
base-emitter connection is open circuited during the trans
mission period, for the limiting factor is not then any current 
passing across this junction, but rather the potential de
veloped across it due to the stray r.f. This is the course 
which is adopted in the case of the combined ci rcuit given by 
Fig. I 6.20- 16.23 and Fig. 16.22. 

LO W CAPACITY 
RELAY (a ) 

-- -----------------~AERIAL SOCKET -- ---------------- -- --------_, SCREENING - --------1: EARTH -:-

bL------- TRANSMITTER 
------- OUTPUT 

F·ii. 16.25. Diagram (a) shows the recommended w ir;ng of a low 
capacity relay, w ·hile d iagram (b) illustrates non-polarized and 
polarized diodu connected across the r.f. stage tuned c:ircuic.. 

MOBILE TRANSMITTERS 

Due to the power restrictions imposed by t he vehicle's 
electrical system, mobile transmitters are usually operated 
with a d.c. input to the power amplifier not exceeding 25 
watts. Higher powers can be used, but unless special 
provisions are made, transmitter operating times needs to be 
restricted to the capabilities of the storage and charging 
system, particularly during the hours of darkness when the 
vehicle lighting circuits arc in operation. 

While no hard and fast rules can be laid down concerning 
bow much current can be cooswncd by the transmitter and 
receiver installed in a specific vehicle, certain assumptions 
can be made, rrom which a reasonable maximum loading 
for that vehicle may be determined. The first, and most 
important assumption is tha t the storage and charging 
system is in good order and maintains a state of balance 
between supply and demand when the load of the vehicle is 
at maximum. For all practical purposes, this load may be 
considered as the sum of the consumptions of the following 
items (a) Tail lights; (b) Side-l ights and (c) Headlights dipped. 
In a typical case these amounted to (a) 12 watts; (b) 12 watts; 
and (c) 90 wans which added together produce a total of 
114 watts, or a current of approximately 10 amperes in a 
12 volt system. With an equivalent load, under daylight 
conditions, the electrical system of the vehicle should be 
capable of maintaining a state of bala11ce. In fact , allowing 
for full headlight conditions, and adding in the loading of the 
ignition system, rear number plate light and a heater blower 
motor, the peak wi ll be in the region of 160 watts for the 
vehicle cited. Thus, to assume a total available consumption 
of 120 watts maximum, i.e. a current of 10 amperes on a 
12 volt system, will err on the righ t side. 

16.18 

In relation to this loading il will be appreciated that the 
electrical system will be overtaxed if the installation is used 
during darkness, and either the storage battery will have to 
be charged from an external source while the car is at rest, or 
alternatively, sufficiem mileage covered during daylight 
without the equipment· 0 1>erat ing to allow the deficiency to be 
made up. To some extent, the extra load ing ca n be com
pensated l'or by increasing t he output o l the generator, but 
where the loading is of the order of 120 walls, full compensa
tion is not normal ly possible without the risk or overcharging 
the battery. 

Where a great deal of mobile working is envisaged, and so 
long as there is adequate space under the bonnet or in the 
boot, consideration should be given to fitting an additional 
battery to run ihe installation. While this involves purchas
ing an additional battery, its cost may be preferable to being 
faced with a flat main baitery. Where such a course is 
adopted, the auxi liary battery may be linked into the 
charging system of the car in the manner shown in Fig. 16.26 .... 
If this circuit is installed, the output of the generator may be 
increased without running into difficulty since the charging 
current is shared by both batteries when their state of charge 
is equal, but when unbalance arises, the lower battery wi ll 
take the greater current. 

ln the ease of valve operated equipment, not only is there 
the question of the current consumed by the heaters, but 
also the efficiency of the d.c. to d.c. converter system. Here, 
highest conversion efficiency is obtained by the use of a 
transistorized converter, with which an efficiency o f at least 
80 per cent is to be expected. 

The majority of the power supply problems in mobile 
equipment can be solved by the use of transistorized installa
tions. Although transistorized receivers arc practical, 
transistor transmitters running any appreciable power are 
at present only an economic proposition to the radio amateur 
on the lower frequency bands. While transistors suitable for 
high frequency power amplifiers arc avai lable, their cost is 
high at the present time. There can be little doubt 
however that, as the prices fall, trausistors will be preferred 
to valves. 

r---cr--o----.~-'ll~ TOCAR 
GENERATOR 

rL· -·-;~~~;;;;- ·- =-1 
HOOi LE :._J 
RADIO 1--0---n--~· OIOOECUi\REHT · - · 

EQUIPHEllT RATING AT LEAST EQUAL 
TO CURRENT DRAIN OF 

AUXILIARY 
BATTERY 

• MOBILE EQUIPMENT ... -~ --~ 
TO CAR 
ELECTRICAL 
SYSTEM 

CAR 
OATTERY 

Fig. 16.16. Oiaaram showing how auxili4lry battery can be added to 
the c.harcing system of a car using positive earth. For nec;itive cotrth 

systems, polarity of d iodes should be reversed. 

Attention is currently being turned to hybrid transmitters, 
in which transistors are employed in the enrly stages, and 
valves arc used only as high frequency mul tipliers, drivers 
and power amplifiers. In the main this approach has been 
used in the field of s.s.b. transceivers, but there is no reason 
why the same course should not be adopted for a.m. trans
mjtters and transceivers. 

• Obt"inablc ns o complete unit from S.V.S. Ma>lS, .17 t..oughboroui;h 
Road, London, S.W.9. 



10 Watt 1 ·8 Mc/sand 3·5 Mc/s Transmitter 

This dual band transmitter is particularly 
suited to mobile operation in view of its low 
current consumption, the heater circui ts 
taking 0·9 amperes at 12 volts, and tile h.t. 
about 130 mA at 250 volts. Assuming that 
the h.t. converter shows an efficiency of 80 
per cent, the total demand oo the car system 
will be about 50 watts, or 4 amperes, during 
actual transmissions. 

The circuit diagram is given in Fig. 16.27. 
lt will be seen tJ1at tl1e arrangement is 
similar to that of Fig. 6.91 in Chapter 6 o n 
page 6.55. 

VI which may be an EF9J , Z77 or a 
6AM6 functions in a Vackar v.f.o. circuit 
covering the fundamental range of 1·75 
Mc/s to 2·0 Mc/s. Since, in order to cover 
both bands fully, the v.f.o. overtunes each 
band, separate scales should be provided on 
the v.f.o. for each range, and the band edges 
clearly marked. The usable v.f.o. tuning 
range in the case of Top Band, is from l ·8 
Mc/s to 2·0 Mc/s, and for the UK 80m band, 
l ·75 Mc/s to 1 ·9 Mc/s corresponding to 3·5 
Mc/s to H Mc/s. 

V2, which is also an EF91/Z77/6AM6, 
operates as an untuned buffer when the out
put is on Top Band, and as a broadly tuned 
frequency doubler when the output is in the 
80m baud. In the original version of this 
transmitter, the drive to the p.a. was too 
high on 1 ·8 Mc/s when it was adjusted to the 
correct level on 3·5 Mc/s. Th.is was corrected 
by wiring a damping resistor of 33 K ohms 
in parallel with the r.f. choke load of V2. I f 
a discrepancy in drive is found between 
bands, a value of resistor should be chosen to 
equalize the dr.ive. 

The 6BW6 p.a. (V3), functions as a straight 
amplifier oo both bands, and its tank 
circuit is a pi-network. Tbe constants of' 
this circuit have been selected to match 
down to impedances of 35 ohms and to cover 
the standard impedances of 50 oluTIS and 
75 ohms. On the basis that the maximum 
ratio of input to output impedances in a 
pi-network should not exceed 100: I , the 
lowest actual output impedance which can 
be acco=odated will depend on the 
impedance of lhe p.a. which is in tum 
related to the applied h.t. and lhe current 
drawn. At 250 volts h.t. and ao input of 
10 watts (40 mA anode current) the r.f. 
impedance is approximately 2900 ohms, 
and under these conditions, tbc oetwork will 
accommodate load impedances of 35 ohms 
without djfficulty. However, with an h.t. o f 
300 volts and an input of 10 watts, the p.a. 
r.f. impedance is of tJ1c order of 4100 ohms, 
and 35 ohm load impedances may not match. 
Thus where the load is of the order of 35 
ohms, the p.a. h.t. should be kept down to 
250 volts wbere the input has to be limited to 
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10 watts as in the case of the UK I ·8 Mc/s allocation. 
Modulation is by V4, a 6BW6, in conjunction with the 

transformer Tl. This transformer is a centre tapped output 
transformer tbe loudspeaker winding or which is not used. 
This operat;s as a 1: l modulation transformer in which one 
end of the secondary, and one end of the primary, are 
connected to a common h.t. supply. Tl should not be con
fused with Heising (sometimes called choke) modulation. 

The microphone amplifier consists or both halves of V5, 
an ECC83/12AX7, the modulation gain conlrol being 
positioned between the two scx:tions. Particular att:ntion 
should be paid to the steps which have been taken m the 
design to reduce the effects of stray r.f. enter.ing the modu
lator. The ferrite beads should not be omitted from the 
positions shown, and if these are not available, they may b.e 
replaced by hollow ferrite cores intended for small coil 
formers. 

While the control system indicates the use of switches 
SI and $2, this may be modified to relay control by sub
stituting Fig. 6.92. To determine 1he conditions in ~e 
p.a. , a switched meter is fitted which monitors the grid 
current in one position and in the other the anode current. 
Where a yaxley type switch is used, a blank position should 
be left between the grid and anode current positions, in 
view of the potential difference between them. 

So long as the layout follows good r.f. p ractice, 1~0 diffi
culties wil l be encountered, and, as a general basis, that 
shown in Fig. 6.93 may be adopted. It should be noted 
however, that Tl, together with V4 and V5 will have to be 
moved to the right to make sufficient room for the larger p.a. 
components. The three section loading capacitor, C34, is 
mounted below the p.a. tank tuning capacitor, C33, by 
cutting a suitable hole in the chassis within the area bounded 
by the p.a. compartment screen, and fitting it so tl~at it is 
substantially below the level of the top of the chassis. The 
a.m./c.w. switch is moved to a position adjacent to the 
netting switch, and the bandswitch, $4, is mounted on the 
panel so that its spindle is in line with the centre of V3. The 
two sections of this switch are separated by a metal screen 
shaped like a step. One side of tl1is screen runs up to the 
front pa11el, and the other arm runs past the right .hand side 
of V3 when viewed from the top. The front section of S4, 
that is S4A is fully screened from the output stage, and to 
this are co1~nccted CJ 3, L2, and RFC2. The renr section, 
S4B which is placed as near to the screen as possible, con
nect~ to the tap on the p.a. coil, the output connections and 
the fixed loading capacitor C35. 

Details or unspecified components will be found in Tab.le 
16.5. 

TABLE 16.5 

Coil and transformer dato. for Fig. 16.27. 

Dia.. S.W.G. Turns close 
Coil No. in. enam. wound Core fitted Tapped 

L1 -n 34 70 Yet NII 

L2 t 3~ 70 Yes NII 

L3 1 18 56 No 28 turns 

T r.msformer T1. Pd miry impedance to l:ay between 8 K ohm and 
10 K ohm centre apped and rated at not less than 
50 mA . •• Radiosp>ru." •• Hysroda .. or ·• ELS~•• 
output tr~nsformcrs :ire sulc:ablc. 
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10 Watt Transistor Transm itter for 1 ·8 Meis 

As indicated in the introduction to this section, transistorized 
transmitters show a substantially higher power conversion 
ratio than their valve operated counterpart. Not only is 
there no need to waste valuable current in valve heater 
circuits, but in addition, the power losses or a d.c. to d.c. 
conversion system are avoided. 

The design of a 10 watt transistorized transmitter for the 
I ·8 Mc/s band, complete with modulator, wi ll be found in 
Fig. 6.87 of Chapter 6 (H.F. Transmilfers). This equipment is 
an example of an "ideal" transistorized transmitter, since, 
operating directly from the 12 vol t supply line, the percentage 
of the total input power realized as usable power output is 
at i 1 s highest. 

15 Watt 28 Mc/s T ransmitter 

The circuit of a 15 watt transmitter for the 28 Mc/s band 
which incorporates optional crystal or v.f.o. control, a.m./ 
c. w. operation, netting facilities, and a built-in aerial change
over relay is shown in Fig. 16.28. The heater circuits con
sume 1 ·2 amperes at 12 volts, and tbe h.t. approximately 
120 mA at 250-300 volts, and thus this transmitter, and that 
described for the I ·8 Mc/s and 3·5 Mc/s bands could be 
interchanged between a common power supply unit. 

VI is au EF9J/Z77/6AM6 used in a high C Colpitts v.f.o. 
circuit with a fundamental frequency of 7 Mc/s. The anode 
circuit is tuned to 14 Mc/s. A built-in stabilizer regulates the 
h.t. to the v.f.o. at 150 volts. 

The second valve, V2 is a 6AH6, but this may be replaced 
by a 6AK6 without changing the performance, although if 
this latter type is used the heater wiring will have to be 
modified in the following manner. The 12 volt pilot lamp 
shown on the circuit diagram is removed and replaced by 
one rated at 6·3 volts 0·3 amps connected acress the heater 
pins of tbe 6AK6. 

V2 functions as a doubler from 14 Mc/s to 28 Mc/s, the 
anode circuit of which comprises a self-resonant coil L3. 
With this coil , the drive to the p.a. remains sensibly con
stant over a fairly wide frequency range, but not over the 
entire 28 Mc/s to 29·7 Mc/s allocation. For mobile operation 
where large excursions in frequency are not usually en
countered, the specification for L3 will usually be satis
factory. However, if it is desired to move from one end of 
the band to the other, then L3 should be reduced to 8 turns 
and tuned by a 25 pF capacitor, the spindle of which should 
be coupled to a panel control. 

A 5763 functions as the p.a., the tank circuit of which is a 
pi-network. As shown, the p.a. is not neutralized, and as 
Jong as the layout is carefully planned, regeneration should 
not be encountered. Due to their high slope, 5763 valves 
may sometimes show signs of parasitic oscillation. If this is 
experienced, a I 0 ohm carbon resistor connected directly at 
the anode pin invariably effects a cure. 

The modulator commences with one half of a 12AX7 
connected as an earthed grid amplifier with the carbon 
microphone inserted in series with the cathode lead. This 
arrangement shows rather less gain than a conventional 
triode circuit, but has the advantage that the current flowing 
through the cathode circuit provides the energizing voltage 
for the microphone. This is followed by a 12AU7, the first 
half of which operates as a voltage amplifier, and the second 
half as a driver for the output stage. The modulator employs 
a 12AX7 in a zero bias Class B configuration, the resting 
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current of which is JO mA. On modulation peaks th is rises 
to about 40 mA. This circuit is especially useful for mobile 
working due to its low idling current, and, provided that 
the h.t. smoothing capacitor has a value of nol less than 
50 ,,F, the h.t. voltage wi ll remain substantially constant. 

While individual meters arc shown in the p.a. anode and 
grid circuits, a switched meter system similar to that of 
Fig. 16.27 could be substituted, although in this case it 
would not be possible to measure the modulator anode 
current. When switched to ·· Modulator " the anode current 
meter measures the sum or the currents drawn by V4, V5 
and V6. 

Correctly set up for a.m. operation, the p.a. grid current 
should run close to 3 mA, and when matched into an 8 fl. 
whip, the p.a. anode should load up to 45 rnA. 

By changing the v.f.o. frequency range, and making the 
necessary alterations to the tuned circuits, this basic trans
mitter design may be readily adapted for other fre
quencies. 

Hybrid 70 Mc/s Transmitter 

[t has already been observed that while it is possible to 
construct a fully transistorized transmitter for the lower 
frequency bands, for the average radio amateur the cost or 
r.f. power transistors b1.'Comes too high as the frequency 
increases. In the v.h.f. region and higher, apart from trans
mitters which employ receiving type transistors with d .c. 
inputs in the milliwatt region, attention is currently directed 
co the hybrid designs. .In these, valves arc normally em
ployed in the r.f. section, and transistors in the modulator 
and d.e. to d.c. converter. 

The circuits of a hybrid transmitter, power supply, and 
control unit arc shown in Figs. 16.29, 16.30 and 16.3 1. While 
this circuit specifically rela1cs to the 70 Mc/s U.K. band, ii 
may be adapted for the 50 Mc/s band by making appropriate 
changes in the crysta l and tuned circuit frequencies. 

Transmitters employed in v.h.f. mobile operation are in
variably crystal controlled, and in the case of 70 Mc/s, 
operation within a particular area is confined to a specific 
frequency. Under such conditions it is possible to emulate 
the course adopted by the majority of mobile business radio 
systems, and to position the transmitter unit in the boot or 
the vehicle and govern ils operation by a compacl control 
unit at the driving posi tion. Since space is always at a 
premium at the driving position, ihis method has much to 
commend it, and fur1hermorc, as it is now common practice 
to mount v.b.f. aerials somewhere on the canopy surround
ing the lid of the boot, it permits a shorter lead length 
between the aerial and the transmitter. 

This transmitter is essentially two units, a lthough shown 
as three diagrams. The first is the transmitter itself, which 
employs \•alves in the r.f. section, a transistor modulator, 
and a transistor d.c. to d.c. converter. Two fre
quencies are provided for the transmitter, and these are 
selected at the control position. The second unit is the con
trol box, which, in addi tion to governing 1he func1ion of the 
transmitter, contains a microphone pre-amplifier. 

The design of the r.f. section was primarily governed by 
the p.a. valve and the desired d.c. input which was set at 15 
watts maximum. A 5673 valve will operate at very close 10 this 
d.c. input at 70 Mc/s, and provide some 7 watts of r.f. out
put. T he heater current of this valve is 0·75 amps. at 6·0 
volts, and it was decided that this should be lhe total heater 

16.22 

current consumed at 12 volts. The other types selected 
were an EF9J /Z77/6A M6 and a 6BW6 wired in parallel, 
these a lso take 0·75 amps., and when this combination is 
placed in series with the 5763, the heater circuit may be 
directly connected across a 12-14 volt supply without the use 
of any ballast resistors. 

The circuit of the r.f. and modulator sections is shown in 
Fig. 16.29. VI, operates as a Colpitts crystal oscillator of 
conventional design. Crystals in either the i Mc/s or 11 Mc/s 
range may be employed, multiplying by nine or six respec
tively. Whichever frequency crystal is employed, the anode 
or the crystal oscillator is always tuned to 23 Mc/s, and 
therefore with 7 Mc/s crystals this resonates at the third 
harmonic, and with I J Mc/s crystals, at the second harmonic. 
The drive to the following stage will depend on the harmonic 
of the crystal used. Tile value given for C4 in F ig. 16.29 is 
the nominal value which gives correct drive to the succeeding 
stage when 11 Mc/s crystals are employed. Where 7 Mc/s 
crystals are used, depending on the activity of the crystal, C4 
may have to be increased to 150 pF. During the setting up 
of the transmitter, C4 is adjusted in value until the drive to 
V2 is not less than 0·8 mA, not more than 1·5 mA. 

V2, a 6BW6, operates as a frequency tripler, tbe anode 
circttit being tuned to 70 Mc/s. To attenuate unwanted 
crystal harmonics, link coupling is employed between 
this circuit and the grid of the p.a. 

The p.a. is V3, a 5763, which operates as a neutralized 
amplifier. Although neutralization is shown on the circuit 
diagram, and provided for in construction it may not be 
needed. Nevertheless the provision should not be omitted. 
Due to its very high slope, the 5763 is prone to parasitic 
oscillat ion, and for this reason Rl I is shown connected 
between the anode and tbe p.a. tank circuit. Initially this 
resistor should be omitted and only wired into position if 
parasitic oscilJation is experienced. Whlle a value of 10 
ohms is shown, a greater or lesser value may be required. 
The lowest possible value resistor should be used and it must 
be fitted to the anode connection of the valve base with nil 
lead length. The resistance should not exceed 47 ohms. 

A dividing screen must be fitted across the base of the 5763 
so as to shield the anode and grid connections from each 
other. This screen should form one side of a box enclosing 
the p.a. tank circuit components, and be connected to the 
centre spigot of the valve base. Increased stability of the 
p.a. will result from using a valve base with a skirt a lthough 
the valve itself must not be fitted with a screening can. To 
further reduce possible coupling between the p.a. tank and 
grid circuits, the coil assemblies, L3 and lA, are mounted so 
that they are at right angles to each other. 

To make provision for neutralizing, the coil L4 is run 
parallel with tbe screen across the base of the 5763. ln this 
screen, and adjacent to the end or L4 remote from the anode, 
a small hole is drilled and fitted with grommet. Neutralizing, 
if required, is achieved by running a well insulated wire frnm 
L4 through this hole, back to the proximity of the grid pin 
or the 5763. Adjustment of the position of this wire relative 
to the grid pin, and its wiring, varies the neutrnljzing capaci
tance. 

Three metering positions are provided. Test point TPI 
measures the drive to the 6BW6 tripler from the crystal 
oscillator, and the current measured at this point should lie 
between 0·8 mA and J ·5 mA. The p.a. grid current, and the 
p.a. anode current are measured across points Q and R, the 
circuit being checked is selected by a d.p.d.t. toggle switch. 
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The meter used has a basic 
sensitivity of 5 mA which is 
shunted to I 00 mA when read
ing the p .a. anode current. 
This meter may either be filled 
to the transmitter enclosure, 
or alternatively, points Q and 
R terminated on small sockets. 
Which course is adopted will 
depend on personal choice, and 
whether the transmitter is C-O n
structed as a unit mounting in 
the vehicle boot, or as a more 
e-0nventional assembly. 

The tag st rip shown as " Power 
Supply Link " need not exist 
where the power supply is built in 
with the transmitter assembly, 
although the provision of a main 
power distribution tag strip does 
simplify checking the various 
supply voltages. The control link, 
on the other hand, may be any 
convenient plug and socket 
arrangement. 

The modulator circuit is cap
able of developing 12 watts of 
audio power, which is far greater 
than needed by the r.f. section of 
this transmitter. Two OC36 tran-
sistors operated in Class B are 
supplied di rect from the 12-14 
volt line. The modulation trans-
former is a low voltage mains 
transformer the primary of which 
is wired in series with the h.t. 
supply to the p.a. The modula
ting transistors are connected 
across the low voltage secondary. 
Th.is transfo rmer will provide 
a reasonable match to power 
amplifiers with a d.c. impedance 
of between 4 K ohms and 6 K 
ohms. The driver transformer 
docs have to be hand wound, but 
as will be seen from the com-
ponents table, th is is not a dif11cul t 

IOA 

RLBI 

IOA 

R~B II 

RLC 
-2-

v 

(a) 

w 

( b) 

'----------+-----o :TV LT} 
- ---oCOM 

TO 
REC EIVER 

6 

6 

task. 
The modulating transistors, 

TRI and TR2, must be mounted 
on an adequate heat sink. The 
actual chassis itself can be used 

Fig. 16.30. Transistor ized d .c. to d.c. converter for use with 4 mctra hybrid transmitter. In Fig. (a} 
above the converter operates the transmitter only. If it is desired to employ the output to operate 
a receiver, tho control circuit-I should be modified to that shown in (b), clrcuit(a) being broken at the 
points V and W :ind the lower arnngement substituted. In the interests of economy. the circuit 

for this purpose, but where this course is adopted, 
they should be positioned away from the p.a. valve to reduce 
the heat which they receive by conduction through the 
chassis. Under normal conditions the transistors operate at 
a temperature which makes them only just warm to the 
touch. 

The driver transistor is a further OC36, and since this 
operates well wi thin its power rating, it could be free air 
moWlted. Mechanically however it is simpler to attach it to 
the chassis. The pre-amplifier s tages of the modulator are 
contained within the control box. 

H.T. for the transmitter r.f. section is derived from a 

16.24 

employs a standard vibr~tor transformer. 

transistorized d.c. converter, the circuit of which is shown in 
Fig. 16.30. This uuit employs a standard vibrator trans
former as these are not so expensive as toroid units, and in 
addition may be obtained as "surplus." The transformer 
used in the U44 transmitter-receiver is particularly suitable 
for use in this circuit.. It will be seen tbat two control 
arrangements are given for tbe power unit. That illustrated 
in Fig. 16.30(a) is for use wben the C-Onverter only supplies 
h.t. to the transmitter . 1J1 this case, relay RLB applies power to 
the heater circu.it of the transmitter when it closes and places 
it in tbe stand-by condition. Either the Transmit or Prcss-to
Talk switches will actuate RLC, causing power to be 
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Q IOOpF:r 
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R33 
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\ ~··-""'f"----+-tt: I , __ ,... IOµF 

SCREENED 
CONTINENTAL 
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220K 
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MOBILE EQUIPMENT 
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PRESS ·TO -TALK CONTROL LIN[; IF FITTED TO MICROPHONE 

3 
I t S 

1' j MICROPHONE 

U~:~:_:~·d 
MICROPHOllE ~ 

WIR IHG PRE~~j~itfALK 

NORMAL 
SI 

ALTERNATIVE 

I FREQUENCY I 

SJ 

STAN OBY 
(RECEIVE) 

TRAl;SMIT 

I FUNCTION I 

A 

B 

0 

~ 
LINK TO 
FIG. 16.29 

Fig.16.31. Control unit and microphone prc..amplifier for 70 Mc/s hybrid tr:\nsm itter. Tho pre..Qmplifier is designed to operate w ith a 
high imped a.nee c rystal nl icrophone. The twin screened microphone cab lo is required if p.t.t. operation is incorporated. This may bo 

omitted, and in which case, SJ operat~s the transmitter. 

applied to the d.c. to d.c. converter in order to provide h.t. 
to lhe transmitter circuits. 

Where the same converter is to be used to supply h.t. lo an 
associated receiver, the control circuits are modified Lo those 
shown in Fig. J6.30(b). In this case, when RLB operates, 
power is applied lo the heater circuits and the d.c. to <I.e. 
converter at the same time. RLC, which is changed to a 
d.p.c.o. type, switches the h.t. between the transmitter and 
the receiver and also applies 12 volts to the transistorized 
modulator circuits on" Transmit." 

L1 
L2 
LlA 

L3 
L3A 
L4 

RFC3 

T1 

T2 

TABLE 16.6 

Hybrid 70 Mc/s Transmittt.r component data 

18 turns 21 s.w.g. c.nam. c:loie wound on -h Jn. dia. former. 
6 turns 20 s.w.,. enam. close wound on n in. dia. rormcr. 
2 turns 20 s.w.1. cnam. at einhy end or L2 arranged so that 
it slides ilon& forme.r so vJ.ryin1 spacing lrom Ll. 
3T turns 20 s.w.g. cn:a.m. dose wound on le in. dia. former. 
2 tu rns 20 s.w.i. enam. a.dj:icent co earth ond of ll. 
3T cu.-ns either side or centre wot.1nd on fin. mandrel wicll 
16 s .w.g. tinned copper wire. Turns spaced wire di3mctcr. 
Gap in middle for L4A should be i in. Link L4A 2 turns 16 
s.w.g. sleeved. 
39 in. 31 s.w.g. enam. close wound on 1 Megohm w:att 
resistor. 
•• Radiosp:aro111 he.3ter cnnsformcr. Primary 2'40V. 
Secondary 16·3V at 0·3 amp. 
Core si1c I in. squoiro bminations. Wind secondary nrst 
which consists of s bifil;ar turns-c..hu is 10 turns in tot:al or 
24 s .w.i. Insulate wi th two layer·s p.v.c. t2pc . Wind prim;ary 
over sccond:ary using 200 turns 30 s.w.e. Wire is enam. 

In power pack. Fig. 16.30 

Lx and lz.. "R:idiosparcs" 3 :imp. TV supprouor chokes. 

Transmitter control and modulator pre-amplifier circui ts 
a re shown in Fig. 16.31. These can be constructed as a 
very compact unit, for which space may easily be found 
adjacent to the driving position. The microphone pre
amplifier is designed for a crystal microphone input and uses 
an emitter-follower arrangement. The modulation gain 
control is in the emitter or this stage. This is followed by a 
two stage amplifier, the output or which is linked by a single 
screened lead to the input of the modulator driver transistor 
in the main transmitter unit. Three single-pole toggle 
switches control the various operations. 

Selling up the transmitter follows standard practice. D ri vc 
to the p.a. should lie between 2·5 mA and 3 mA and is 
govemcd by adjusting the position of L2A in relation to L2, 
while the p.a. anode current should be between 45 mA and 
50 mA when the stage is fully loaded. Prior to the applica
tion of power to the transmitter, the tuned circuits should be 
approximately set to their correct frequencies by the use of a 
g.d.o. Where such an instrument is not avai lable, it is essential 
to check the frequencies of the various circuits under operat
ing condit ions with an absorption wavemeter. 

l n matching the output to the aerial, the use of an s.w.r. 
bridge is strongly advised. If it is difficlllt to arrive at 
satisfactory loading, link reactance ma.v be tuned out by 
fitting a 50 pF variable capacitor in series with tbe earthy 
end of I.AA, but such a course should only be adopted a fter 
experimenting with the position of LAA in relation to IA. 

The standing current of the OC36 modulators should b~ 
checked by removing the link from TP2, and connecting 
across this test point a meter set to its 500 mA range. RI 5 is 
adjusted until the current lies between 50 mA and 60 mA 
with no input to the modulator. At the full capability o l' the 
modulator, which is not required for this transmitter, the 
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,.. . i.J 

Rll 
0· 005 470() ~ Z2 

R2 f ~ IW A :Ml< LI uT' ZI IW 24Mc/s 

ECFC2 
L2 
72Mc/s RIO V2 IK 

IW 6BW6 

:"::.: : ·~o .. : 
TPI 

RB 
4 700 

:·'<<·;\:~'.:! 
TP2 

A 

! 
Cl!'.A 

Sm A 

I 
J 

COMMON 

ZS 

Fi g. 16.32. 144 Mc/s hybrid transmitter. The complete transmitter is given by subs tituting th is r.f. section for that shown 1n Fig 16.29. 
Terminations coded with the letter Z are connected to the points identified in ~similar manner in Fig. 1 6.l~. 

peak current swings up to 1 ·75 amps., at which the audio 
output will be approximately 15 watts. 

H ybrid T ransmitter for 144 Mc/s 

Apart from the changes which are necessary in the r.f. 
section, the modulator, power supply and control circuits of 
the 70 Mc/s hybrid transmitter may be utilized for a 2m 
transmitter of similar design and power output With a little 
ingenuity in the method of mechanical constmction, matters 
can be so arranged that the two r.f. sections are inter
changeable almost on a plug-in basis. For mobile applica
tions this is useful since it permits the construclion of equip
ment having dual band capability, and while the changing of 
bands involves the exchanging of the sub-assemblies, this 
arrangement is worthy of consideration since it is rare that 
twin aerial installations are fitted to a vehicle. 

In the prototype of a transmiller using this method, the 
area of the main chassis covered by the r.f. sections was 
entirely removed. Each r.f. section was constructed on a 
16 s.w.g. aluminium plate that overlapped the chassis 
aperture by i in. all round. To the chassis, and along the 
overlap, were fitted captive2B.A. bolts with tl1cir heads on tl1e 
underside, and matching holes were made in the r.f. plates. 
These plates were secured in position by 2B.A. wiog nuts, and 
the electrical connections made by a free plug from the r.f. 
plates to an octal socket on tl1e main chassis. Exchanging 

16.26 

r.f. sections can be accomplished within two minutes com
fortably. If th is course is adopted, the underside of each r.f. 
plate must be fully enclosed to prevent damage to the 
components when a particular r.f. unit is stored. 

The circuit of the 144 Mc/s r.f. section is shown in Fig. 
16.32. In this, the points marked Z are connected to the 
similarly identified points on the circuit of Fig. 16.29. 
Control line A on the Contol Link Panel of this circuit is 
not used. 

L1 

L2 
L3 

L4 

LS 

LSA 

RFCl 

TABLE 16.7 

Hybrid 144 Mc/1 Transmitter component data 

31 turns 28 s.w.g. cnam. ciosc wound on ! in. dia. former 
tapped at 7 turns from grid end . Former flttcd with ferrite 
core. 
6 turns 18 s.w.g. close wound on tin. dio. mondrel. 
2 turns 18 s.w.g. Tc in. dia. turns spaced wire diameter 
This winding is pliccd in the centre of L'4. 
2+ turns either side of centre of 16 s.w.g. Overall len&1h, 
including g-ap oat centre to accommodate L3. f in. Diameter 
-h; in. 
4 turns of 14 s.w.g. tinned copper/silvered copper i in. dia. 
Placo 2 turns eithc• side of • small centre gap to take LSA. 
Ovcrall lengch, Including g•p it in. 
2 turns 18 s.w .,. close wound Insulated with t.hin p.v.c. 
sleeving wound on f in. di:1:. mandrel. 
1? in. 3"4 s .. w.c. en.am. dose wound on 1 Megohm 1 watt 
resistor. 



One half of VJ, an ECF82/6U8 functions as a Squier 
overtone oscillator producing output 0 11 the third harmonic 
of the crystal frequency. The second half of this vaJve 
operates as a tripler to 72 Mc/s. Y2 operates as a doubler to 
144 Mc/s, and while there are better valves than the 6BW6 
for this purpose, in this instance it provides adequate drive 
to the p.a., and its heater current is the same as that of VI 
which permits the two to be wired in series across the 12 volt 
supply. The p.a. employs a QQV0 3-10 in a push-pull 
circuit in which it will be seen no provision is made for 
neutralization. The QQV03-JO valve is internally neutral
ized du.ring manufacture, and thus no external ci rcuits are 
needed. 

L4 resonates with the valve capacitance. T he spacing 
between its turns may be varied to give maximum drive. ff 
an iron dust core partially inserted in L4 increases the drive 
the spacing should be red uced if, on the other hand, the 
drive increases when a brass slug is inserted, the spacing 
should be increased. Drive may also be improved by varying 
the coup ling between L 3 and L4. 

Tuning up is achieved by monitoring the grid current of the 
following stage, and at the same time, verifying the frequency 
in the stage being tuned by means of an absorption wave
metcr. Typical currents to be expected arc: TPl, not less 
than 0·5 mA and TP2 not less t han 1 mA nor more tbao 
2 ml\. 

D rive lo the p.a. under loaded conditions should run at 
not less tban 2 mA, nor mon: tha n 2 ·5 mA. Under no 
circwnslances must the anode current exceed 80 mA, nor the 
supply line exceed 260 volts. At an h.t. of 250 volts, the p.a. 
should be loaded to 60 mA. At these figures, the p.a . will 
match the modulator impedance. 

Dual Band T ra nsmitte r for 1 ·B Mc/s a nd 144 Mc/s 

While mult iband mobile operation is not usual, 1t 1s 
practical in the case of the 1 ·8 Mc/s and 144 Mc/s (or 70 
Mc/s) bands in view of the compact nature of the aerial 
installation on the v.h.f. band. 

For mobile operation, where space is at a premium, the 
increase in size made necessary by banclswitching can, at 
times, be unacceptable. An ingenious method of coupling 
h.f. and v.h.f. tuned circuits due to D. W. Furby G 3EDH 
makes possible a transmitter which will operate on either 

Fig. 16.33. Comb ined v.h.f. a nd 
h.f. int e rstage coupling arr~nge. 
m e n t e mp loyed in the dual band 

t ra nsmitter. 

I ·8 Mc/s or 144 Mc/s without the complications of mech
anical band switching in the main circuits. By using this 
system, a compact dua l band tr:msmitter may be con
structed. 

The basic circuit coupling arrangement is shown in Fig. 
16.33. The v.h.f. tuned circuit is LI which in conjunction 
with the output capacity or Va, and the input capaci ty of Vb, 
operates as a balanced coupler. Since LI is resonated by 
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these capacitances in series, the net capacitance will be very 
small and this in turn will allow tbe use of a. comparatively 
large coil at LI. Tbe result of this will be that the circuit will 
be relatively broad-band at v.h.f., consequently tuning by a 
manual capacitor is not needed. At approximately the 
centre of Ll will be a point of zero potential, and to this 
point is connected the h.f. tuned circuit Cl{L2. At b.f., Ll 
beba\'es as a piece of wire connecting the anode of Va to the 
circuit Cl/L2 and to Cg, the coupling capacitor to the 
following stage. When Va is fed at v.h.f., the LI network 
becomes effective, Cl/L2 having no effect since they are 
connected to its point of zero r.f. porential. 

Tbe circuit of the r.f. section of a transmitter employing 
this principle is shown in Fig. 16.34 and this will run up 
to 15 watts on 144 Mc/s. 

Taking the operation of the circuit on 2m first, VJ func
t ions as a Colpitts crystal oscillator using 8 Mc/s crystals aud 
giving output on 24 Mc/s. With Sl in the 144 Mc/s position 
this output is coupled to V2 which functions as a frequency 

V2 

VI 

Fie. t6.34A. Heater circuit for the dual band t:ran1mitter. 

triplcr to 72 Mc/s. In the l ·8 Mc/s position of SI, V2 oper· 
ates as a v.f.o. and this accounts for the somewhat unusual 
cathode circuit. In fact, when V2 is fed from the crystal 

UNDER 
CHA$$/$ 
LAYOUT 

0) 

n 

0 I
ll 

~ 
C2 1 

lOOmA MEHi 

Fie. 16.JS. Layout of th<> princ.ipal compononts of dual band trans• 
mitter. 

oscillator, iL operates without any cathode bias since tbe grid 
leak, RJ, is returned to the cathode, ancl it therefore depends 
on the drive from the crystal oscillator to generate drive 
bias. Because of this, care should be taken lo ensure that 
when the swi tch SI is in the 144 Mc/s position, a crystal is 
always in position in the grid of VJ. Jn the event of the drive 
to V2 failing under 144 Mc/s conditions, the high value 
resistor R4 in the d.c. path to the cathode will give a 
limited degree of protection for a brief period, for, as 
the cathode current increases the voltage drop across R4 
will also increase, and effectively reduce the h.t. across the 
valve. Nevertheless, loss of drive to V2 is to be avoided. 

Output from V2 is coupled to V3 and this operates as a 
doubler. The p.a. V4 functions as a straight amplifier on 

Fig. l&.36. L:\ yout of under-chassis components. 
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both bands. On 144 Mc/s this is screen grid neutralized by 
means of the inductance Ln in the screen grid lead. The 
construction of Ln is shown in mechanical detail on the 
diagram, and this must be carefully copied. 

With SI set in the 1 ·8 Mc/s position, the stabilizer VS is 
brought into operation and h.t. applied to Y2, but not VJ. 
Y2 functions as a Clapp v.f.o. covering the frequency range 
J ·8 Mc/s to 2·0 Mc/s. The anode load for this valve is the r.f. 
choke RFCI connected to . the centre of the 72 Mc/s coil 
L3. V3 operates as an untuned buffer, again loaded by ao r.f. 
choke, this time with RFC2 connected to L4. Jn order to 
adjust the level of the drive to the p.a. this choke is parallel 
loaded by the resistor R9. Jf chokes other than those speci
fied are fitted, it will probably be necessary to experiment 
with the value of R9 in order to arrive at the correct grid 
drive to the p.a. 

On l ·8 Mc/s the p.a. output circuit is a conventional pi
network connected to the centre of the v.h.f. output circuit, 
LS, but isolated from it by the v.h.f. r.f. choke, RFC4. Low 
frequency isolation for the J ·8 Mc/s pi-network is given by 
the r.f. choke RFC3. Anode and grid circuits of the p.a. arc 
metered in the usual manner. 

Examples of the layout employed in the original trans
mitter are shown in Fig. 16.35 and Fig. 16.36, but for mobile 
operation a more compact arrangement might be desirable, 
and in this connection, the circuit lends itself to mechanical 
adaption always provided than L3, lA and LS are positioned 
to avoid interaction. It may be of interest to note that the 
d.c. to d.c. inverter shown in Fig. 16.30(a) will power this 
transmitter in a satisfactory maruicr, and in addition, that 
the transistorized modulator of Fig. 16.29, in conjunction 
with the pre-amplifier of Fig. J6.31 will modulate it fully. 

Since self-bias is not used throughout this transmitter, initial 
tuning must be carried out stage by stage. The first step is to 
set up the transmitter for 144 Mc/s operation. A 6 volt 
heater supply must be used during the following adjustments. 
Tum Sl to the 144 Mc/s position, insert a suitable 8 Mc/s 
crystal, and fit VI and V2. Disconnect the earthy end of R3, 
and fit a S mA meter between th is and the cathode of V2. 
Apply power to YI only. Tune LI for maximum current in 
the meter, about l ·2 mi\, and with an absorption wave
meter, verify that LI is tuned to 24 Mc/s. Reconnect R3, and 
restore power to V2. Insert V3, and disconnect (a) the b.t 
feed to V3 and (b) the earthy end of RS. From the free end of 
RS connect a 5 mA meter to earth. Apply power to Vl and 
V2. Tune the slug of L3 to give maximum indication on the 
meter, about 1 mi\, and verify that L3 is tuned to 72 Mc/s. 
Restore RS and the h.t. supply to V3. Insert V4 and remove 
the h.t. feed. Apply power to Vl , V2 and V3. Tune L4 to 
give maximum indication on tbe p.a. g'rid current meter, 
about 2 mA, and verify that L4 is tuned to 144 Mc/s. Re
store the h.t. to V4. 

Apply h.t. to the whole transmitter, and rapidly tune Cl8 
for maximum dip in the p.a. anode current. Remove the h.t. 
Bring an absorption wavcmeter close to LS, apply h.t. again, 
and verify the frequency as 144 Mc/s. With either an 80 
ohm dummy load, or a J44 Mc/s aerial connected to the 
link of LS, apply power, and with an insulated tool, move the 
link into LS, periodically checking the dip in the p.a. anode 
current by adjusting Cl8. Correctly loaded the p.a. current 
stands at about 60 mA. Final adjustment of the link should 
be carried out with the transmitter installed in the vehicle. 
Finally lA is re-adjusted for maximum attainable grid drive 
to the p.a. 

MOBILE EQUIPMENT 

ln the case of 1 ·8 Mc/s operation, initially only V2 and Y3 
are fitted, power applied, and the v.f.o. tuning range checked 
on a suitable receiver. With C7 at minimum capacitance, 
adjust CS until the v.f.o. is precisely on 2 Mc/s. Tune C7 to 
maximum capacity and verify the lowest frequency to which 
the v.f.o. tunes. This will be below 1 ·8 Mc/s. Reduce the 
inductance of L2 by removing one turn at a time lllltil the 
v.f.o. is on 1 ·8 Mc/s. As turns arc removed Crom L2, so the 
highest frequency to which the v.f.o. tunes wilJ rise. After 
each adjustment to L2, tune C7 to minimum capacity, and 
with CS restore the frequency to 2 Mc/s. Continue the 
process until the 1 ·8 Mc/s-2 Mc/s band covers most of the 
tuning range. 

Fit all valves, switch to I ·8 Mc/s, set C21 to maximum 
capacitance, apply power, and tune C20 for maximum dip in 
p.a. anode current. Verify that the p.a. grid current is 2 mA. 
If r.f. chokes other than those specified have been .fitted iJ1 
positions RFCI and RFC2, it may be necessary to experi
ment with the value of R9 to secure this grid current. 

Iu the crystal os0illator circuit, it will be noted that the 
effective capacitance in parallel with the crystal is somewhat 
higher than usual, being approximately 60 pF. If diffic1dty 
is experienced due to the final frequency being lower than the 
calculated value on 144 Mc/s, the circuit may be amended 
to the more conventional arrangement by taking the follow
ing steps. Reduce Cl to 30 pF. Reduce C2 to 100 pF. Re
duce Rl to 4 7 Kohm and connect between grid (pin 2) of VI 
and earth. Replace R2 by a I ·5 mH RFC. Take R2 and 
place it in series with the h.t. to Ll, <U1d at the junction of LI 
and R2 connect a 0·005 µF disc ceramic capacitor to earth. 

There is no reason why the interstage coupling method 
used in this transmitter should not be applied to other fre
quencies. Experiments have indicated that it works in a 
satisfactory manner with the following combinations (a) 
144 Mc/s-3·5 Mc/s; (b) 70 Mc/s- J ·8 Mc/s; (c) 70 Mc/s-3·5 
Mc/s. In addition, a tuned circuit at the lower frequency 
may be connected to centre of the high frequency coil as 
shown in Fig. 16.33, and the system is not restricted lo the 
r.f. chokes shown in Fig. 16.34. 

H.T. FOR M OBILE EQUIPMENT 

There arc three methods of obtaining the b.t. required for 
valve operated equipment from the 12 volt vehicle system, 
and these are, in ascending order of conversion efficiency, 
(l)Dynamotor; (2) Vibrator; and (3) Transistorized inverter. 

Oynamotor 
A dynamotor is a motor driven d.c. generator in which the 

motor and generator windings are combined on a common 
shaft. In some cases the generator section may be double 

SUPPLY 

0-0 

I 
STARTER 
RELAY 
CONTACTS 

Pig. 16.37. Typic:al dynamotor suppression circuit. Tho v;aluu shown 
are for equipment operatinc between 60 Mc/• and 150 M c/s. L1/ L2 
each 11 turns 16 s..w.r. cotton covered on-tin. dia. former. L1 is 
wound between the turns of Ll. U / L4 v.h.f. r.f. choke. each being 

a i in. long windinc of 32 s.w.g. enam. on ! in. dia. former. 
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wound so as to provide two output voltages, one of which is 
usually in the range 25~300 volts, and the other 450-600 
volls. 

Since current has lo be provided from the 12 vol t source 
to run the motor under all conditions, the power com·ersion 
efficiency is not as high as is possible with other methods, 
particularly under low loading conditions. The idling current 
of a typical 12 volt motor generator may range between 2 
amps to 4 amps., this current increasing as the load is 
applied to the generator section. fUgbest efficiency in a 
dynamotor is usually secured when the output is in the 
region of the maximum load specified, and with a well 
designed unit usually lies between 50- 55 per cent. 

Where the output voltage and current of a dyna motor are 
known, it is possible to approximate the maximum current 
that the uni t will take from the d.c. source. The output 
wattage rating should be calculated, and assuming a con
version efficiency of 50 per cent, doubled to give the maxi
mum input wattage. 

The prime advantage of the dynamotor is its high re
liabili ty factor, always provided that it is correctly serviced, 
and for this reason, and despite 
the availability of more efficient 
systems, it is sti ll favo•.tred 
under certain circumstances. 
However, with the increasing 
reliabi lity of other systems, par
ticularly transistorized inverters, 
the days of the dynamotor are 
numbered. 

Like all motors, the dyna
motor can generate substantial 
interference unless correctly sup
pressed. The circuit of an HTil 

VI BRATOR 
UNI T 

Fl 

Compared to the dynamotor, the vibrator supply shows a 
higher order of efficiency, usually between 60-70 per cent, 
since the idling current under no load conditions is sub
stantially smaller. However, since the reed contacts are 
virtually a switch opera ting in the region of 100 times per 
second, contact wear reduces the life of a vibrator well 
below that of a dynarootor. Additionally, the vibrator is not 
as tolerant of overloads since these invariably give rise to 
arcing at the contacts which further reduces their life, and 
may in extreme cases resu lt in the contacts becoming welded 
together. 

Despite the foregoing observations a vibrator power 
supply will give good service when used within its current 
ratings and, in view of its higher efficiency, it is probably to 
be preferred to a dynamotor. 

The output of a vibrator is prolific in barmonic inter
ference since its wavcshapc approximates to a square wave. 
For tbis reason, the input and output circuits must be welJ 
filtered, and the whole tu1it contained within a fully screened 
and well ea rthed enclosure. The circuit of a typical vibrator 
supply is shown in Fig. 16.38. 

T l 

dynamotor and its suppression , ,...-: 
circuits are shown in Fig. 16.37, ---0,.- ·>-- -o----c>--- - - --- - - -' 
and this is typical of the a rrange· 
ments for this type of unit. COMMON 

Maintenance of a dynamotor 
should be limited to replacing the 
carbon brushes when they wear 

Fi2. 16.38. T ypical self-rectifying (syn chl"On ous) vi brat o r power •upply. 

down to about tin. Oil should never be applied to the bear
ings. lf the bearings appear to be running dry, they should be 
dismantled, the old grease removed, and repacked with high 
prcsstlfe grease. Oil will destroy the properties of the 
lubricant, and produce faster wear than that which would be 
experienced if the bearings were left untouched in most cases. 

Vibrator Supplies 

These units rely on a vibra tor recd in series with the d.c. 
supply to the primary of a transfom1cr. This recd carries one 
coat.act which makes and breaks with a fixed contact, aod, 
as a resul t, the primary of t11e transformer receives pulsed 
d.c. The secondary of the transformer steps up this pulsed 
d.c. in tl1e usual manner. 

The vibrator units themselves fall into two genera l cate
gories. The first, and the simplest, consists of the simple reed 
arrangement together witb its driving coil. Tl1e secoud type 
is fii ied with an additional contact set wired in such a manner 
that they reconvert the pulsed d.c. of the transformer 
secondary into a supply of only one polarity, that is to say, 
the vibrator is self-rectifying. The two types are known as 
non-synchronous and ~ynchronous respectively. 
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T ransistorized D.C. Conve rters 

As tbe frequency of the supply to a transformer increases, 
so, depending on the nature of the core material , does the 
efficiency of the tra11sformer increase. At frequencies of 
between 1000 c/s a nd 2500 c/s modern materials mitke 
possible transformers in which the core losses arc negligible, 
and due to the increased magnetic efficiency, have a high 
coupling coefficient between primary and secondary wind
ings. The net result is that a transformer having a cer tain 
rating for use at, say, 1000 c/s, will be considerably smaller 
than one of the same rating designed for 50 c/s 
operation. 

For mobile operation, wbere the highest power con
version efficiency is always sought, the use of sucb trans
formers can drastically reduce power losses. With suitable 
circuits, the full load efficiency will not be less than 80 per 
cent, and may well be of tho order of 85 per cent. Compared 
to a dynan1otor this represellls a saving of 3~35 per 
cent. 

With a vibrator unit, some increase above mains frequency 
is possible, but due to mechanical considerations related to 
the reed and the manner in which it is energiz.ed, the fre
quency is usually of the order of 100 c/s. However, sub -
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MOBILE EQUIPMENT 
sistors must be rated to withstand 
any peak transient voltage occur
ring during the switching process, 
as any such spikes will cause 
failure of the transistors if they 
are not adequately rated. A good 
rule of thumb is to employ 

-.---o HT+ transistors in which the collector 
voltage is specified as at least 
three times the maximum supply 
voltage. lo the case of mobile 
operation where the line voltage ls1 R2 

112V DC+ 

-----------<---o HT- may rise to 14·5 volts in a 12 volt 
nominal system when the gen
erator is charging fully, this 
implies transistors with a Vee of 

Fig. 16.39. Typic;il e xa.mpl e of tho cire:uit of a high efficiency tran1is tori2ed d .c. conve rter operat· 
ing a t a frequency of about 1000 cp1. With circu its of this type, officiencies better than 80 per cent 

ar·e to be expected. 

at least 45 volts. 
F rom the foregoing it will bave 

been noted that the feedback 

stituting power switching transistors for the vibrator uni t 
enables higher frequencies to be used with consequent 
simplification of smoothing. 

Where transistors are employed, the frequency of the 
switchii,g may be determined by arranging the primary of the 
transformer, in association with a feed-back winding, as an 
osci llatory circuit, and under these circumstances, the 
frequency can be fixed at that corresponding to highest 
transformer efficiency. Since there are no moving parts in a 
transistor, the potential reliability of converters using them 
is substantia.Jly higher thau those which employ vibrator 
units. However, to realize the full reliability factor, cert:ain 
precautions have to be taken, especially with regard to the 
ambient temperature and transients. 

The circuit of a typical tmnsistorized d.c. converter is 
shown in Fig. 16.39. The supply voltage is applied to the 
centre of the primary winding, the outside cods of which 
are connected to the collectors of TRJ and TR2 
respectively. Switching within the transistors takes place 
between the collector and emitter connections and depends 
on the forward bias applied to the base; when the 
transistor is driven into saturation, the resistance between 
collector and emitter is effectively zero. The feedback 
winding feeds the switching currents to the bases of the 
transistors, and a small a.mollllt of forward bias is derived 
from the potentiometer chain Rl , R2. 

Since transistors TRJ and TR2 are connected in push-pull 
they conduct on alternate half cycles of the primary oscilla
tion. When the base of TRI is driven negative, the base of 
TR2 will be driven positive, and hence TR2 becomes non
conducting. During the next half cycle TR2 is driven nega
tive, and hence conducts, while TRI is cut-off. 

The circuit as a whole needs to be designed with a number 
of points in mind. Firstly, the transistors selected mllSt be 
able to switch the primary current without difficulty. 
Secondly, since the amount of feedback wilJ decrease as the 
load on the transformer is increased, the feedback circuit 
must be designed so that when the transformer is supplying 
its rated load, the feedback level is sufficient to maintain 
oscillation. TI1irdly, under lightly loaded conditions, the 
feedback voltage to the bases of the transistors w ill be at its 
highest, and the transistors must be able to wi thst<tnd the 
reverse base-emitter voltage which will appear a.cross this 
junction during the cut-off condition. Fourthly, the tran-

conditions are equated for full 
load, and from this it follows that under reduced loading 
conditions, the efficiency will be lower since TRI and TR2 
arc being switched for a greater current than t11al which the 
primary will actually need to handle to meet the demand. 
If overall efficiency is of paramount importance, it is some
times the practice lo reduce the drive to tbe transistors under 
low loading conditions by switching in series resistors in the 
positions R 3/R4 so reducing the drive to the transistors and 
thus, their standing current. Such switching is usually 
controlled by a relay linked to the transmit/receive switch so 
that the resistors a rc in circuit during receiving periods when 
the current demand is usually less. 

F or any transformer, but especially one which has a higher 
rating than the load to be supplied, resistors R3 and R4 may 

+ 
Fig. 16.40. U se of zen or diodes across the collec;tor .. omltter junction 
to lim it trans ient volt:>ge spiku. The diodes should be rated for a 
breakdown voltage sl ightly less t han the Vu rating of the transis tor. 

be determined by tria l and erro r. Wi th the supply operating, 
various values are connected in positions R 3 and R4 with 
the object of fitting the largest possible resistor which does 
not reduce the power output to the load. In general terms, 
these resistors will have values below 20 ohms, and may be as 
low as 3 ohms. 

It is sometimes thought U1at transistorized d.c. converters 
do not cause interference, this conclusion being based on the 
premise that since there are no moving parts, and no con
tacts opening and closing and arcing iu the process, there is 
nothing to be suppressed. This is a fallacy. While it is true 
that there is no interference due to contact arcing, the wave
form within the generator is basica.lly a square wave. Thus 
harmonics are present and these can produce a buzz simiJar 
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lo 1bat of a vibrator unit. For 
th is reason r.f. suppression is 
essential. Furthermore, there is 
a st rong magnetic field around 
the transformer, and audio 
circuits should be positioned 
well clear of the converter if 
pick-up of the converter fre
quency is to be avoided. 

Standard vibrator trans
formers may be used in con
junction with transistors to 
produc.e a transistori.zed d.c. 

A 

o.oos 

B 

, S~ F l converter, and while the effici- -0--0,....., , 
ency will only be slightly higher ,2 v SA 

than tliat obtained when tile 

R I 
CRl- 4 
MULLARO BYIOO 

---- "' Hr+ 

64JJ F 
450V .__ ______ __,,,Hr-

transfornJcr is operated with n + 
vibrator unit, suppression is Fig. 16.4!. Transistor d.c. converter employing two similar sbnd;ird ma.ins transformers and 

su itabl e for loads of up to 40 watts. The transistors must be mounted o n heat sinks of 9 square 
easier due to t11c absence Of inches minimum. Transformers Tt a nd Tl, Radiosparcs H ygrade filament transformers. T he 
arcing contacts. A typical two 6·3V wind ings on each transformer are ClOnnected in series to produce a tl·6V winding. 

Check by applying mains voltage to tho transformers, that thc6·3V w ind lni:s have been connected 
design is shown in Fig. J 6.30(a). as series aidin g. See text for adjustme nts to Rt/Rl in relation to outpu t load. Power transistor 
Herc Uie feedback , and hence types are not so critical so lon r as Vee is not less th:>n 48V. 

the efficiency is determined by 
the value of the series resistors be1ween the outer ends of the 
primary and the bases of lhc transistors, and to achieve 
the optimum conditions for a particular lraosformer may 
mean changes in their value. The process of determining iliese 
resistors is the same as iliat previously described; to start 
with a 100 ohms resistor is connected in each arm in this 
case, power and load applied. The resistors are tJ1eo changed 
equally in value, in small increments, until the largest value is 
found with which the desired power output is secured. 

Temperature is all important to transistors, and those used 
in d.c. converters must be mounted on an adequate heat 
sink, and operated in such a manner that Wlder full load 
conditions their cases feel only warm to the touch. If there 
is any sign of overheating, either the load is too heavy for the 
type employed, or they are being overdriven. In the first case 
a larger transistor should be fitted, and in the second, the 
degree of base feedback should be investigated with the 
object of reducing it to a lower level. 

Sometimes a transistor d.c. converter may operate happily 
for months, and then, for no accountable reason, fail. Such 
failures are invariably due to lransicnts on the 12 volt 
vehicle system created by some other electrical device. To 
absorb such spikes, it is essential to include a high value 
capacitor across the supply line to the d.c. converter, 
as shown on the diagram Fig. J6.39. Another line of 
approach is to clamp the collector-emitter potential with a 
zener diode having a breakdown voltage somewhat less than 
that of the Vee rating of the transistors used. While this is 
more costly than the use of capacitors, it is tmbeatable for 
efficiency in respect of the job it bas to do, and certainly far 
less costly than having to replace transistors. The arrange
ment is shown in Fig. 16.40. It should be noted that a zener 
diode must be placed across the collector-emitter connections 
of each transistor. 

For constructors having suitable transformers on hand, 
one way of reducing the cost of a transistorized d.c. con
verter is shown in Fig. 16.41. This employs two similar 12 
volt centre tapped mains transformers, one to provide the 
voltage step up, and the other for matching to the bases of 
the switching transistors and to provide the feedback. 

If the unit fails to oscillate on switching on, the primary 
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winding of Tl, marked A.B., should have its connections 
reversed to correct the phase of lhe feedback. 

This converter will supply up lo 40 watts at voltages 
ranging between 250 volts and 300 volts depending on load. 
At 30 watts output, the terminal voltage will be approxi
mately 280 volts. For ma~imum enlciency, the values of Rl 
and R2 sllould be varied, and those fitted have the largest 
value consistent with mainta ining the desired output and 
reliable starting under load. When correctly adjusted, con
version efficiency of the order of al least 65 per cent is to be 
expected. 

One effect which is sometimes noted with transistorized 
d.c. converters is that they show a reluctance to start under 
load, but once runuing, perform in a satisfactory manner. 
This is .invariably due to the feedback being set at a critical 
level. If ilicre is no way of increasing the level of the feed
back in a convenient manner, sequential switching of the 
supply and the load will usually p rovide a solution to erratic 
starting. This entails employing a double pole relay, one set 
of contacts of which are in series with the supply, and the 
other set in series with the h.t. output to the load. The 
contacts in series with tbe supply arc carefully adjusted so 
that they close before the b.t. contacts. With this arrange
ment even the most reluctant circuit should start without 
difficulty. 

MOBI LE AERIAL INSTALLATIONS 

The success of any transmitter not only depends on the 
power which it has available, but the ability of the aerial 
system to radiate this power efficiently. A station with a 50 
watt capability may in fact radiate a weaker signal than that 
achieved by a JO watt capability sta tion simply due to an 
inefficient aerial. 

Aerial fixing must be mccbanicaUy strong enough not to 
be damaged when the vehicle is travelling at hlgb speeds, or 
succumb to a blow caused by a low banging branch, or 
entering the garage before dismantling the aerial. F urther, 
if the vehicle is not to lose some of its resale value, careful 
t.hought must be given to any ideas of making fixing holes in 
the bodywork. Whatever fix ing system is employed, it should 



be so arranged that the main support bracket can be removed 
and the aerial system easily demounted. ' 

While on the low frequency bands aerial length does have 
some effect, the difference between a 16 ft. loaded whip, and 
an 8 ft. loaded whip will be so marginal that it is hardly 
worth being bothered with the mechanical complications of 
the longer aerial. 

Low Frequency Vertical Aerials 

W~en operating on frequencies of28 Mc/s and higher, it is 
pracucal to use a quarter-wave aerial; on the lower fre
quency bands, such aerials are impractical. H owever, 
by the use of a suitable loading coil, a short aerial can be 
made to behave like a quarter-wave. Such loading coils may 
be positioned either at the base of the whip section in the 
middle of the whip, or at the top. Top loading i~ rarely 
employed, due to mechanical difficulties, but centre and base 
loading are commonly used. 

Every aerial system exhibits a characteristic radiation 
resistance. Briefly radiation resistance may be defined as 
that value of resistance which, if substituted for the aerial 
at a current maximum would dissipate the same amount of 
energy as heat as the aerial radiates into space. If power is 
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(a) (b) (c) 
Fig. 16.41. Curre nt d istribution along loaded whips. In (a) th e coil is 
folly $Creencd from the whip section. In (b) the whip is base 

loaded, and in (c) the whip is centre loaded. 

lo be transferred from the transmitter to the aerial system 
with maximum efficiency, then the transmitter feed system 
must match the radiation resistance of the aeria l. For 
normal values of feed point impedance this may be accomp
lished without difficulty, but where the value is very low, as 
may be the case with a Io:tdcd whip, a substantial propor
tion of the transmitter power may be lost in the matching 
system unless care is taken. Generally, the higher the 
rad iation resistance of an aerial, the easier it is to match, 
and the J1ighcr will be its elliciency. 

The position of the loading coi l of a low frequency vertical 
aerial bas a pronounced effect on the radiation resistance. 
Where the coil is placed at the base of the aerial, and is fully 
screened as in Fig. 16.42(a), the radiation resistance can be 
of the order of 0·2 ohms. lf the coil is now made a com
ponent part of the vertical system and allowed to radiate, the 
radiation resistance of tl1e system rises to about 2 ohms. This 
is illustrated in Fig. 16.42(b). lf the coil is now positioned in 
the centre of the whip as in Fig. 16.42(c), both the lower 
section of the wbip and the coil will have current flowing in 
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Fir. 16.43. A cap;acit:t hat suitable for use with vertical whip aerials. 

them, and this again raises the radiation resistance, this time 
to about 4 ohms. These figures relate to an aerial operating 
on 3·8 Mc/s. 

As is to be expected, the position or the loading coil bas a 
pronounced effect on tbe current distribution in the aerial 
system as a whole, and the dotted lines running down the 
various arrangements shown in F ig. 16.42 represent the 
current distribution. Since tbe field radiation is proportional 
to the current flowing, and the length of the aerial carrying 
this current, then it will be apparent that the best radiator 
will be the one which has the highest current length product. 
From Fig. 16.42 this will be seen to be the centre loaded 
aerial. 

While the centre loaded aerial may be the best radiator, on 
the lower frequency bands, particularly J ·8 Mc/s and 3·5 
Mc/s, mechanical considerations may have to influence the 
loading coil position. On these two bands it is more usual 
to employ a base loaded whip. However, as will be seen 
later it is possible to introduce some compensation by 
attention to the form of the loading coil. 

Loading Coils 

The statement that centre loaded whips are the best ra· 
diators is not strict ly correct since, for a given wb.ip length, 
and depending on frequency, there is an optimum position 
for the loading coil. The radiation resistance of an aerial , 
but more important, its capacitance, are not things confined 
to one point on the whip, but rather are spread along its 
entire length. When the coil is placed at the base of the whip 
it is resonated by the total capacitance of the whip, but as it 
is raised, the capacitance of the section of whip decreases. 
As tho capacitance decreases, so the loading coil size has to 
be increased to restore resonance. Increasing the size of the 
loading coil also increases the losses in the coil, and eventu
ally as the coil is further raised the law of diminishing 
returns takes over and the current-length product falls. 

This effect may be offset lo some extent by deliberately 
introducing capacity into the top section of the whip above 
the coil. Such a method is commonly described as a capacity 
hat, and is shown in Fig. 16.43. By introducing capacity in 
this manner, the size of the loading coil may be reduced, and 
its losses also. However this system is not without its dis
advantages. As capacity is added above the coil, so the 
aerial becomes increasingly frequency selective. As an 
example, with a centre loaded coil on 3·5 Mc/s it may be 
possible to vary the transmitter frequency over about 25 kc/s 
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before it becomes essentia l to re-adjust !be loading. If this 
coil is rep laced by anotber which is tuned by a capacity hat , 
a frequency shift in excess of JO kc/s may well entail retuning 
the aerial. 

An aeria l which is short of a quarter-wave a t the operating 
frequency exhibits a capacitive or negative rcac tance to the 
tuning device, and the shorter 1he aerial is in terms of a 
quarter wave, the higher wiJJ be the value of th is reactance. 
Take for example a standard 8 ft. whip without any loading 
coil, the resonant frequency of which is about 29·5 Mc/s . A t 
this frequency the feed impedance will be 35 ohms, and since 
it is resonan t, there wi ll be no negative reactance. A t a 
frequency of 21 Mc/s, the aerial is electrically short, the 
radiation resistance drops to about 11 ohms, and the 
negative reactance effect appea rs, in this case showing a 
value of - 250 ohms. Al 3·9 Mc/s the radia tion resistance 
bas dropped to a bare 0·2 ohms, and the negative reactance 
rises to approximately -1 650 ohms. 

From the foregoing it will be appreciated that the loading 
coil is literally the heart of the loaded whip for it has to 
cancel out the negative reactance by adding to t.he aerial an 
equal positive reacta.nce, so leaving only the radiation 
resistance as the load for the aerial tuner. 

Loading coils a re never perfect, and in addition having 
reactance, m ust, by virtue of their construc tion, a lso e.xhibit 
resistance. The goodness of any coil is expressed by the term 
Q, and this is given by the ratio of the reactaJlCC to the r.f. 
resistance. Consider a loading coil for the 3·5 Mc/s band 
which has a rcactance of 1400 ohms, and an i·.f. resistance of 
10 ohms. Such a co il would have a Q of 140. 

Loaded Whip Powe r Distributio n 

The rela tionship between the radiation resistance of the 
whip and the r.f. resistance of the loading coi l have a direct 
bearing on tbe manner in which the power applied is d is
tributed across the whole o f Lhe loaded whip, sometimes 
called the coupling efficiency. The percentage of the power 
in the top section is given by: 

Rr 
(Rr + Lr) x JOO 

where Rr is the radia tion resis tance of the whip, and Lr the 
r.f. resistance of the loading coil. The resulting figure 
subtracted from 100 gives the percentage of the power 
d issipated in the loading coil . 

Using the coil previously deta iled, assume tha t the ae ria l 
has a radiation resistance of 6 ohms, then the power in the 
section will be : 

6 100 
6 

+ 
10 

x -
1
- = 37·5 per cent, 

leaving 62·5 per cent appearing in the loading coil. If 
however the radiation res istance is 3 ohms, which is a likely 
figure for base loading, then the power in the top section 
will be : 

3 JOO 
3+10 x l = 23 per cent, 

so leaving 77 per cent in the coil. 
Although the loading co il does radiate, by far 1he greate r 

majority of the power which appears across it is d issipated 
in the form of heat, and as such may be considered as wasted 
power. 
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Key Requirements 

It is now possible to specify the requirements which have 
to be met to secure maximum efficiency in a loaded wllip. 
Firstly the radiation resistance mus t be made as high as 
possible, and as the frequency decreases this implies moving 
the loading coil up the length of the whip and away from the 
base. Since as the loading coil is positioned further up the 
whip the top capacity decreases, moving the co il in this 
manner will a lso require that its size is increased unless 
capacity is del iberate ly added to the top section by fi tt ing a 
capacity hat. On 1 ·8 Mc/s, the physical size of the loading 
coi l may make it mechanically impossible to move the coi l 
very far up the whip, and from the point of view of the 
appearance of the aerial ins tallation. it may not be des irable 
to do so. lo this event, as will be seen later, it is possible to 
reach a compromise by form ing lhe coi l in such a manner 
that it radiates a fair degree of the energy appearing across it. 

The loading coil must have the highest possible Q, or put 
another way, the resistance and losses of the coil must be as 
low as possible. As the Q of the co il is increased fo r a given 
frequency, so the losses in it will decrease, and tho s trength 
of the radiated s ignal will increase. 

Loading Coil Constr uction 

T he success or fail ure of a n h.f. mobi le aerial hinges almost 
completely on the amount of care a nd a ttention paid to the 
construction and adjustment of the loading coil. 

Ideally, and to reduce dielectric losses, the loading coil 
should be self-supporting, but from the point o f view of 
achieving a high degree o f mechanical s trength, this is rarely 
possible except perhaps on the 14 Mc/sand 21 Mc/s bands. 
Where such a course is adopted, the strength of the actual 
whip must be maintained through the length of the coi l 
winding. T he most sa tisfactory method of achieving th is is 
shown in flg. 16.44 and consists of inserting an insula ted 
rod in to the bore of the whip top and bottom of the d istance 

TOP SECTION 

NYLON OR PTFE 
ROD CONNECTING 
TOP AN O BOTTOM 
SECTIONS 

AIR-SPACED 
LOADING COIL 

:>OTTOM SECTION 

Fig. 16.44. Method of bracing and con
nectin g tho upper and lo wer s ections 
of a w hip when air space d load ing coils 

:ire e m ployed . 



occupied by the loading coil, and running this rod through 
the centre of the coil. As the rod runs through the centre of 
(be coil, it must have a low dielectric loss. P.T.F.E. or nylon 
are the most suitable materials. 

fl is essential to protect any loading coil from the effects of 
moisture, and where the coil is a self-supporting unit, this is 
best accomplished by enclosing it in a shield constructed from 
polythene and which is fully sealed. The shield should clear 
the turns of the coil by about t in. Freely available poly
thene bottles make a good basis for such shields. 

Where formers are employed for the loading coil, ideal 
materials are nylon, because of its high mechanical strength, 
or p.t.f.e. Paxolin can be used on l ·8 Mc/s always provided 
that its relatively h igh dielectric losses are acceptable. 
Using the 6rst two mentioned materials, coils with a Q 
in the region of 400 are practical. 

Wire gauge will be a compromise on the lower frequency 
bands between the final size of the coil and the acceptable 
r.f. resistance. On l ·8 Mc/s the smallest wire gauge con
templated sbould be 18 s.w.g., on 3·5 Mc/s 16 s.w.g., and 
7 Mc/s and higher 12 s.w.g. Whenever possible the wire 
should be Formvar insula ted. Th.is is a tough plastic coating 
impervious to moisture, and unlike enamel, will not chip or 
flake. 

After the coil has been finally adjusted to resonance, it 
must be thoroughly doped with a suitable compound to 
prevent moisture getting at the turns. Polyurethcne varnish 
seems to be the most suitable material currently available, 
and by using a coat on coat process, a tough and com
pletely waterproof layer can be built up over the coil. This 
coating must include the coil terminations, and special 
attention should be paid to the top or the loading coi l which 
will receive all the water running down the whip when the 
vehicle is s tationary. 

F inally, there is the question of the form factor of the 
loading coil. For optimum Q the lenglh of the coil should 
be about twice its diameter. 1f there is no objection to a 
fairly large diameter coil, this requirement can just about be 
met on the 3·5 Mc/s band. On I ·8 Mc/s however such 
proportions are impractical. 

Loadi ng Coils in Practice for 1 ·8 Mc/s and 3·5 Mc/ s 

The 1 ·8 Mc/sand 3·5 Mc/s bands pose special problems in 
relation to loading coils for use with an 8 ft. whip, for in 
nearly all cases the size of a coil designed for optimum Q 
would not only be difficult to construct, but also look 
ridiculous when fitted to a vehicle. 

In a number of experiments conducted with loading coils 
for these bands, the conclusion was reached that if the form 
factor requirement was disregarded, and instead, steps 
taken to produce a coil which exhibited a high degree of 
radiation, then the overall radiation efficiency was improved 
in quite a remarkable manner. These conclusions were not 
based solely on the readings of an adjacent field strength 
meter, but were also confirmed by stations at varying 
distances. fo many respects the loading coil appeared to 
have the attributes of a helical whip, an aerial system at one 
time popular on the higher frequency bands. 

As the radiation from the coil increases, as bas been indi
cated earlier, the radiation resistance or the whole system 
increases, and this in tum makes matching to the transmitter 
easier to :iccomplish, so reducing the losses which are 
inevitable where the feed impedance is very small. Quoting 
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TABLE 16.8 

Starting detail s of loading coils for various frequency bands :and 
positions on the whip. Overall length of whip is B fut. 

B2 nd Posit ion Dia. Turns S.W.G. Length Notes 
in. in. ---- -- - --- - - - --

1 ·8 Mc/s Bottom 3 HO 18 7 Q 300 

1 ·8 Mc/s Bottom• 1t 260 16 17 M3x radiation - - - - - ------ - - -
1·8 Mc/• Contra 1t 175 22 27 Max r;;idiation - - - ---
3·5 Mc(s Botc:om 2t 75 H 6 Q 300 - - - -- - --
H Mc/s Bottom 2t 55 18 2.!. 

' Q 350 
-- - - - - - - -

3·5 Mc/s Bottom• 11- 155 16 16t Max radiation - - -
3-5 Mc/s Centre 24 105 16 tot Q300 - - - -

HMc/s Bottom 2 10 H 1t Q 380 ---
HMc/s Cantre 2 16 14 2 Q 350 

---- - -
21 Mc/s Bottom 1t 6 12 2 Q 300 ---
21 Mc/s Contra 2 8 12 2 Q280 

• Coil mounted 1'2 in. ;i.bove ba.so of aerial. 

from the results of experiments with n whip tuned to 3·750 
Mc/s, tbe measured impedance was 16 ohms, and the 
calculated overall efficiency of the aerial 60 per cent. This 
used a coil l ! in. dia. and approximately I 6;! in. long wound 
with 155 turns of 16 s.w.g., and had a measured Q of 200. 
The coil was positioned 12 in. up from the feed point. 
Compared to a coil wound to the optimum form factor with 
a measured Q of 400, the long loading coil produced :ilmost 
twice the 6eld strength. 

Although the effects of centre loading with such coils was 
not evaluated, it is evide1\t from the base loading experi
ments that this line of approach should be fruitful. l.t seems 
likely that the performance or a particul<Lr commercial centre 
loaded whip, and in which the loading coil has a long length 
compared to its diameter, arises from the radiation of the 
loading coil. 

Table 16.8 gives approximate details of loading coils for the 
lower frequency bands. The details must be approximate 
since evecy aerial system will need to be tuned in relation to 
the vehicle with which it is to be employed, for it is im
possible to estimate such factors as earth-loss resistance and 
car capacitance. 

Tuning Loaded Whips 

Just as spending time o n tbe construction of the loading 
coil will be worthwhile, so the care taken in tlming the 
system will pay dividends. 

Tuning to frequency will be made a great deal easier if the 
section of the whip above the loading coil is constructed so 
that its length can be varied. If this cannot be arranged, then 
a variable size ca.pacity hat will almost certainly be required 
to achieve precise resonance on any particular frequency. 

The lower end of the whip should be earthed to the caI 

body through a two turn link, the length of wire between the 
whip and the link heing made as sbort as possible. A grid 
dip oscillator is then offered up to the link and tu ned to find 
the resonant frequency. The coupling between the g.d.o. 
and the link should be as small as possible otherwise some 
inexplicable clips may be found. During this operation, the 
top section of the whip should be extended to within about 
6 in. of its full length. 
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Uthe frequency is found to be very low, turns should be 
removed from the loading coiJ. If on the other hand the 
frequency is found to be high, this indicates inadequate 
turns. Where Table 16.8 is used, the frequency will be low in 
each case, for the specifications are on the basis that it is 
easier to remove turns rather than have to rewind the coil. 

Accuracy in the g.d.o. is essential, and if it is an unfamiliar 
instrument borrowed for the purpose of setting up the whip, 
prior to use, its calibration should be checked against a 
receiver of known acctLracy, and over the frequency range of 
interest. A menta l note can then be made of any cal ibration 
error. 

As the resonant frequency o f the whip approaches the low 
side of the desired frequency, if i t is possible, the frequency of 
the g.d.o. should be coni inuously monitored on a receiver. 
Normally, the receiving equipment employed in the vehicle 
may be used. When wi thin 10 kc/s of the low frequency s ide 
of the desired resonant frequency, adjustment of the length of 
the top section of the whip should permit the whip to be 
precisely resonated to the desired frequency. To increase the 
frt!qucncy of resonance, the top section of the whip is 
reduced in length. 

Loading T uned Whips 

Since the feed impedance of a loaded whip will be sub
stantially lower than the normal transmitter output im
pedance of 75 ohms, the base impedance of the aerial must 
be matched to the feed line impedance. Experience indicates 
that this is best accomplished by the use of a variable series 
loading coil as shown in Fig. 16.45. This should con
sis1 of a roller wheel making contact with the turns, which, 
by rotating the coi l, travels along the winding. Units 

(a) 

(b) 

. t: LC,\DING COIL 

j t~LTl -TAPPED 
~t.DING COIL 

o-e~ ~LAI . TO TO AERIAL 
~ TAPS i 
<>-4=-o ~ 
()-4'C>-<> 

}.: _f:.5.£1_ C'1_A~ TO TRANSMITTEF!_ 

Fig . 16.45. (a) shows the use of a series inductani;c to match the base 
of th e aerial to tho transmitter feed li ne. For limited coverage a 
tapped induccanc.e may be used in conjunction w ith a relay to adjust 
the inductance as tho frequency of opera ti on is changed. This is 

shown in (b). 
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employing this principal are sometimes available on the 
surplus market. To construct such a device is usually hardly 
a practical proposition for the average radio amateur, and 
this being the case, a tapped coil will probably have to be 
employed. 

If tJ1ecoil is constructed from 16 s.w.g. tinned copper wire, 
the turns of which are spaced by one wire diameter, con
necting lugs may be soldered into place every one-third of a 
tum. Closely adjacent taps are essential to achieve correct 
loading, and while the coil will not be very beautiful when 
it is completed, it will be efficient. Typically such a coi l 
consists of 30 turns on a 1 ~ in. dia. former. 

As the frequency of operation is changed from the 
resonant frequency of the whip, the whip should really be 
re-resonated by adjustment of the length of the top section. 
On I ·8 Mc/s a change in excess of ± 10 kc/s may well reflect 
on the transmitter loading, and a change of20 kc/s produce a 
serious drop in performance. To some extent such changes 
may be taken up in the loading syslem. With the tapped coil, 
it is possible to incorporate a relay actuated from the 
driving posit ion which changes the tap on the coi l and so 
compensates for the change in frequet1ey. This is shown in 
Fig. 16.45. lf this course is adopted, the control switch is 
best marked with the actual resonant frequencies as a 
reminder of the range to which the aerial is tuned. 

V.H.F. Aerials 

On frequencies of 70 Mc/s and 144 Mc/s aerials become 
simpler since it is possible to fit a full quarter wave. Under 
ideal conditions, and with the aerial mounted in tbe centre 
of the roof, it will func1ion as a ground plane, the feed 
impedance of which wi ll be of the order of 35 ohms. How
ever, and understandably, there is usually considerable objec
tion to cutting holes in the centre of tJ1e roof of a saloon car, 
and to having an aerial standing up in that position. 

For all practical ptLrposcs, a quarter wave aerial may be 
mounted either on the apron surrounding the lid of the boot, 
or forward of the windscreen, without degradiJ1g the per
formance to any appreciable degree. lf it is close to rising 
metalwork of the saloon, its polar diagram might be very 
distorted, and for this reason it should be positioned as far 
away from the rise of the saloon as possible. The polar 
diagram will still deviate substantially from a circle, but it 
will not have so many peaks and nulls in unexpected direc
tions. A typical polar diagram of a 70 Mc/s aerial instal
lation is shown in Fig. 16.46. 

Where possible, 35 ohm co-axial cable should be used to 
feed the whip as this will give an almost perfect match. As 
an alternative the length of the aerial may be adjusted to 
present an impedance of 75 ohms at its base. As an aerial is 
made longer than a quarter wave, the base impedance rise&, 
and at some point can be made to look like 75 ohms. 

To arrive a t this situation with any accuracy two instnt· 
ments arc required. Firstly an s.w.r. bridge fo r a line 
impedance of 75 ohms, and a field strength meter covering 
the band of interest. The s.w.r. bridge is connected in the 
feed line as nc.'lr to the base of the aerial as possible, and the 
field strength meter placed at a convenient distance. D o 
not stand the field strength meter on the vehicle itself, as r.f. 
currents in the car will result in misleading indica tions. Set 
the aerial to a calculated quarter wavelength : 19 in. for 
144 Mc/s or 41 in. for 70 Mc/s. Switch the s.w.r. bridge to 
Forward. Apply power to tbe transmitter, and adjust the 
transmitter output ci rcuit for maximum forward reading. 
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Fig. 16.46. Mcaoured polar d iacram of a 70 Mc/s f wave vertical ;ierial mounted 
on the rear of a Triumph Herald. M:ucimum l'-adiation takes place towards the rear, but 
that to the fron t is not s:reatly lower. Notice deep nulls off the sides of the vehicle when 
aerial is w ithin 6 in. of s:.loon cabin. Moving further back so that it is 2 feet from sa.loon 

ca.bin substantially reduces s ide nulls.. 

Slowly increase the length of the whip to either (a) increase 
the forward reading on the s.w.r. bridge or (b) decrease the 
reflected indication. Once an apparent optimum point has 
been found , again adjus t the transmitter output ci rcuit for 
maximum forward indication of the bridge. Now carefully 
adjust the aerial length for minimum reflected power as 
indicated by the s.w.r. bridge. 

When correctly adjusted, minimum rcllccted power will 
coincide with maximtui1 fo rward power and maximum 
indication on the Oeld strength meter. Using this method, 
the s.w.r. on the feed line c:in be expected to be bclter than 
I ·25: 1. 

During the course of thc;si:: adjustments ii will be found that 
opening and closing doors and the lid of the boot, will have 
a pronounced effect on the readings, as wi ll walking near to 
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uncomfortably large even on 144 Mc/s, 
and th is led to lhc design of a m inia
turized capacity loaded halo, the 
construction of which is illustrated in 
Figs. 16.47, 16.48 and 16.49. 

The most important part of the 
design is the tuning capacitor, and this 
must be constructed with care. To 
allow sufficient threads to be cut in the 
walJ of the outer adjusting sleeve, this 
is tapped at 613.A. It should be noted 
that the inner of the two tube sections 
making up the capacitor is secured to 
one encl of the circular clement by a 
screw which force fi ts into the bore of 
ihe tube. The polythene or p.t.f.c . 
lining of this inner tube is fitted to the 
other encl of the circular c lement by 
cutting a thread on its outs ide diameter 
and fo rce screwing the lining over this 
th.read. To assemble, the outer sleeve 
of the capacitor is slipped over the 
inner sleeve, the p.t.f.e. encl of the 
clement sprung away from the sleeve 
end, and then inserted into tJ1e bore of 
the capacitor inner sleeve. 

The gamma match is of ll1e same 
dimensions as would be used on a 
full s ized version, that is approxi
mately 41} in. long. In setting the 
system up the outer sleeve of the 
capacitor is used to bring the aerial 
to resonance, a nd then, in conjunction 
with an s.w.r. bridge, the gamma match 
is set for minimum s.w.r. 

Contrary to what might be expected, 

the aeria l or in the proximity of the vehicle. This is a lJ16 DIA BRASS TUBING 
practical dcmonstrntion of how surrounding objects affect 
the operation of a mobile aerial. In all cases the readings 
should be made from inside the car and wi th all the openings 
c losed, and if p0ssiblc, all adjustments conducted with the 
car in an open space. 

As an alternative to a vert ical quarter wave, on 144 Mc/s a 
halo aerial may be employed. Deing vi rtually a horizontal 
dipole, th is aerial may show a performance superior to that of 
the quarter wave whip when working to base stations using 
horizontal polarization. Standard halo aerials tend to be Fir. 16.47. Lookinr down on tho top of the completed Mini Halo. 
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Fig. 16.48. Sida elevation of the completed halo, with drilling details 

o( the r:.mma. match support and perspex mounting ,.od. 

the mini-halo is not particularly frequency conscious, and 
tuning 2m docs not show any decrease in signal strength 
from one end of the band to the other. 

MONITORING FIELD STRENGTH 

Under mobile conditions it is highly desirable to be able 
to monitor the field strength of the signal radiated by the 
transmitting aerial. Using a field strength meter within the 
saloon of a car can give completely misleading indications 
due to the r.f. currents circulating within the car body. 
Cdcally a small external aerial is required, but the idea of 
fitting yet another aerial is generally unacceptable. 

A neat solution to this problem is to use a wing mirror as 
the field strength meter aerial by insulating such a mirror 
from the frame of the car. The method is illustrated in 
Fig. 16.SO. For best results the wing mirror metal parts 
should be made from brass as the base metal. The lead from 
the solder lag on the underside of the mirror to the F/S 
meter is a coaxial lead, the screening of which is either 
earthed at the indicator end in the case of v.h.f. operation, or 
connected lo the inner for the h.f. bands. 

DRAIN HOLE 
Ill TUBE 'A' 

TUBE '8' -···· 
1
1f °'° x 

1
116 WALL 

TUBE 'A' 
1ti 1/o 

Fig. 16.49. Cut-away view of <he capacitor. 
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BATTERY 

The modem storage battery is inherently reliable but 
because of its very reliability, it frequently fails to give good 
service simply because it is taken for granted. 

Just as a motor vehicle needs to be serviced regularly if it is 
to be maintained in good condition, so the accumulator 
needs a little attention now and then, but, compared to the 
vehicle as a whole, its requirements are minor. The most 
important of its needs is distilled watter. 

Distilled water must always be used for topping-up the 
electrolyte, never tap water, nor boiled water. Both of these 
contain traces of mineral elements, some of which can react 
with the coating on the plates to produce either a semi
insulating compotuld, or a compound which is shed duri.ng 
the charging process. 

Prolonged charging at an excessive rate is as damaging to 
a storage battery as is allowing the level of the electrolyte to 
fall below the level of the plates. For this 1·eason, adjust
ments sbould never be made to the voltage regulator with a 
view to increasing the charging current without first deter
mining that the higher rate is within the capabilities of the 
battery. It is usually permissible to increase the charging 
rate to some degree to compensate for the extra loading 
imposed by mobile radio equipment, bul such adjustments 
should always be made by a competent automobile electrical 
engineer. Alternatively, if the extra loading is heavy, con
sideration might be given to the provision of an auxiliary 
battery in the manner described earlier on page 16.18. 

Where radio equipment is added to the circuit loading and 
no compensating output from the generator arranged, it is 
essential that provision is made to trickle charge the battery 
overnight after the equipment has been used. 

The battery terminals should be kept clean and coated 
with grease, and the connecting lugs well tightened. 

Should it be necessary to remove and store the batterY, it 
should first be fully charged before being placed into store. 
It should be given a weekly boost charge to keep it in the 
fully charged condition. 

The off-load voltage of a battery may not give a correct 
indication of its condition. As the state of charge of a 
battery varies so docs the specific gravity of the electrolyte. 
For this reason, the most reliable indication of the state of a 
battery is given by a hydrometer, and this is an instrument 
which every mobile operator should possess. Normal s.g. 
levels lay between J · 150 and I ·250 and may vary from battery 
to battery of the same type. 

MOBILE SAFETY 

Wbile it is to the credit of mobile operators that no 
accidents have been attributed to the operation of mobiJc 
radio equipment, in the event of such an accident there could 
be no valid defence. 

One item which could cause such an accident is the fist 
microphone and its trailiDg lead. Anyone who has foolishly 
tried to negotiate a sharp tum, or a roundabout while 
clinging to a microphone with a press-to-talk switch will 
readily verify that the hand held microphones can in these 
circumslances be particularly dangerous. 

One microphone arrangement which goes a long way to 
solving this problem is that used in some radio-taxis and in 
which the microphone is fitted to a length of flexible tubing. 
Even this is not perfect for while it leaves both hands free 
for control of the vehicle, the head has to be maintained in 
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Fig. 16.50. Insulating a wing mirror to allow it t .o be used a.s the 
aerial for a field strcn~h meter. 

almost a fixed pos1t1on for close speaking, resulting in a 
restricted field of vision for the driver. 

A solution to this is to employ a halter as shown in Fig. 
16.SJ. This fits over each shoulder and runs round the back 
o f the neck of the wearer, and incorporalcs a boom upon 
which is mounted the microphone, and a section to carry 
tile microphone lead clear of the user. Any of the usual 
microphone inserts may be fitted, and the lead run through 
the bore of the copper tube. Tf ii is desired to incorporate 
transmit/receive switching with this haller, this can be 

: J- RCH • • 
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accomplished by fitting a small box containing such a switch 
to the end of the haller where the microphone lead leaves the 
tube. 

In use, as lhe driver/operator turns, so the microphone on 
the boom turns also, and over a very wide range of move
ments, the microphone will remain in close proximity 10 the 
mouth. Leaving both hands free, there is no interference 
with the process of driving, nor feeling of being encumbered. 

Fie. 16.51 . General view of the combined halter ::.nd microphone 
mounting boom. 
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POWER SUPPLIES 

Almost all electronic equipment in which valves or 
semiconductors are used requires a source of power which is 
substantiaUy free fromrippleand often described as pure direct 
current. Such supplies arc generally derived from the a.c. 
supply mains by means of a power supply unit which may be 
simple or complex depending upon the panicular 
requirements. 

Where supplies are required for valve operated equipment, 
the power supply unit wi ll be called upon to supply heater, 
grid bias and one or more high anode voltages. 

The cathodes of most modern valves used in receiving and 
low power transmitting stages are indirectly heated and 
therefore the heaters may be supplied with either a.c. or d.c. ; 
exceptions to this are low level audio amplifier stages where 
it may be essential to use d.c. for the heater power to ensure 
freedom from hum. This precaution is usually necessary only 
for the first amplifier stage in a high gain audio amplifier 
which is fed from low sensitivity microphones or similar 
devices. 

In some types of valves used as r.f. amplifiers or modu
lators, the filaments are di rectly heated and these, because 
they are operating at h igh signal levels, can be supplied with 
a.c. without introducing hum into the output signal. It is 
desirable but not essential to use a centre tapped transformer 
with the centre cap earthed. 

The various voltages commonly required may be obtained 
from a transformer, rectifier and fi lter system. Separate 
transformers may be required to supply the heater and grid 
bias supplies. High voltages, generally in excess of SOOY, 
arc usually obtained from a transformer which has low 
voltage windings for the rectifier valve heaters or fila111e1lls. 
Control and protection is simpler if the high voltage trans
former does not supply any additional voltage other than 
that for a signal lamp. 

Semiconductor equipment requires a low voltage, high 
current power unit, often having an output current of sever~\ 
amperes. Positive or negative earthing, depending on the 
type of device being used, may be required and must be borne 
in mind when constructing the power supply unit. A trans
former, rectifier and filter system will be needed, but it is 
important to keep the internal resistance and impedance as 
low as possible. 

Another type of power supply unit pro\'ides a constant 
voltage output which is virtually independent of the load. 
Shunt or series stabilizer valves maintain the output voltage 
constant within close limits set by the design. 

Suitable circuits for all the common types of power supply 
units are described in deta il later in t11is chapter. 

Meaus are required for controlling the various voltages 
either by direct switching or remotely by means of relays or 
contacts. These may be associated with pilot or signa l lamps 
showing which part of the equipment is alive. In addition 
sui table fuses or overload cutouts arc necessary to protect the 

supply unit in event of overload or component brCRkdown in 
the equipment supplied from the power unit. 

The actual overload and control :trrangement will depend 
on individual requirements, but it is essential to ensure that at 
all times the equipment is safe to operate, and that a ready 
means is provided to remove all voltages rapidly in an 
emergency. In this connection, attention is drawn to the 
Amateur Radio Safety Recommendations in Chapter 20. 

RECTIFIER CIRC UITS 

A rectifier in one of its several f'orms is necessary when 
a .c. is to be converted to d.c. The rectifier functions by 
virtue of its propertyofunidirectionalconduction, i.e., it passes 
current only when the applied voltage has the correct 
polarity to bias it to a low resist;mcc condition. When the 
polarity of the input voltage is reversed the recti fier exhibits 
a very high resistance, approaching infinity in the case of a 
thermionic rectifier, and current cannot flow. At tile present 
time both valve and semiconductor rectifiers are used in 
amateur practice, each with particular advantages in its own 
field. 

Fig. 17. 1 shows three types of rectifier circuit which cover 
most of the applications in amateur equipment, together 
with curves indicating the shape of the current wave delivered 
by the rectifier in a resistive load. The output current is seen 
to be unidi rect ional but pulsating in character and may be 
shown to consist of a d.c. component plus an a.c. component. 
The a.c. component is composed of the fundamental and 
harmonics of the supply frequency, the fundamental being 
predominant in the half-wave circuit and the second har
monic in the full-wa ve circuit. This a.c. component is termed 
ripple and may be removed or attenuated to any desired 
degree by the filter which follows the rectifier. 

The half-wave circuit (Fig. 17. t (a)) is best suited to low cur
rent applications such as grid bias supplies and the c.h.t. 
supply for cathode ray tubes. When used to su1>ply current 
of the order of tens of milliamperes and higher, U1e half-wave 
circuit has disadvantages in that the ripple content is high, 
necessitating a large Jilter; in addition the d.c. load current 
flows through the secondary winding of the transformer 
feeding the rectifier, and can saturate the core giving rise to low 
transformer cnicieacy. The regulation or variation of output 
voltage with load current is also poor. 

The full-wave circuit (Fig. 17. l (b)), also known more 
correctly as the bi-phase half-wave circuit, is the most eom
monly used rectifier circuit suitable for voltages up to a bout 
1500 volts and currents of the order of 1 ampere. A centre 
tapped winding is used to supply the rectifiers and must 
provide twice the a.c. voltage applied to each rectifier. The 
load is connected between the centre tap of th e transformer 
and the strapped o utput terminals of the recliticrs. Each 
rectifier conducts during the time when the voltage applied 

17.1 



RSGB- RADIO COMMUNICATION HANDBOOK 

] 

] 

Fig. 17. 1. Rectifie,. circuits $howing 
tho input and output current 
waveforms with resistive loads. 
(a) Half-wave. (b) Full-wavo or 
bi-ph:ue half-wave. (e) Brid~o. (d) 

Input w avcfor'm. 

Tim~ 

to its inpul is positive with respect to the centre tap, i.e. on 
a ilemate half-cycles and contribu tes one half of the tota l load 
cum:nt. The d.c. component of the load current nows 
through each half of the transformer secondary in such a 
direction as to cancel the d.c. magnetization of the core, 
enabling a smaller and more efficient transformer to be used 
than is possible in a half-wave circuit providing the same 
ou1put. 

The bridge circuit (Fig. 17. l (c)) is preferred for higher 
vo ltage supplies since the peak inverse voltage across each 
rcctiDer is only half that o f the bi-phase half-wave arrangc
mclll fo r the same d.c. voltage output. The peak inverse 
voltage, referred to as p.i.v. is the voltage appearing across 
the rect ifier diode in the non-conducting condition. D uring 
each half-cycle of the input voltage, the rcctiAers in opposite 
arms of the bridge are conducting and supply half the tota l 
load current. The d.c. magnetization of the transformer core 
is effectively cancelled, a.~ 1he d.c. component of the load 
current flows through the h.t. secondary winding in opposite 
directions during each half-cycle. 

The advantage ol"thc bridge is seen in the simplification and 
reduc1ion in cost of the transformer. Relative to the bi-phase 
half-wave circuit, the r.m.s. current rating is reduced by about 
one-third, and the turns on the winding feeding the recti fiers 
by half. In practice this results in a smitller transformer used 
more efficiently. 

17.2 

A disadvantage of the bridge ci rcuit when valve rectifiers 
are used is that three separate heater windings arc necessary 
since only two of the fo ur valves have catJ1ocles at the same 
potential. A separate rect iAcr heater transformer is usually 
required due to tbe high voltage insula tion required between 
windings and core. 

Table 17.1 gives the operating conditions for each type of 
rectifier circuit. 

T ABLE 17.1 
S ingle Ph:i.se R" ctifiers 

Full-wavo o r 
H alf-wa ve biphasc ha lf- Full-w:ive 

wavo br idge 

Circuit Fig. 1 (a) Fig. 1 (b) Fir. 1 (c) 

N umber of rectifiers 1 2 4 

Current per rectifier 
0 ·5 Ide -mC)~n 1·0 Ide 0·5 Ide 

- peak (inductive 
1·0 Ide 1·0 Ide load) -

-peak (resistive 
3·14 Ide 1 ·57 Ide 1·57 Ide load) 

-r.n1.s. 1·57 Ide 0·725 Ide 1-1 1 Ide 

Peak i nversc ~olt:agc A 
:across rectifie r B 

3-14 Vde 
2·83 Voe 

3·H Vdc 
2·83 Vac 

1·57 Vde 
1 ·~1 Vac 

R.m .s. secondary 
voltacc 

2·26 Vdc 1·13 Vdc • 1'13 Vdc 

Vdc ... ou tput volt.age Ide r.a output current Vac • input a.c. vole.age 
• Each hall of tho h.t.. windinc. 

A - chok,o input B - capi_citor input 

VOLTAGE MULTIPLIER CI RCU IT S 

The voltage multiplier is a form of rectifier circui t where 
the outpu t voltage may be two or more times that obtained 
from the conventional half-wave or full-wave rectifier with 
capaci tor input when supplied with the same a.c. input 
voltage. A combination of rectifiers and capacitors is used 
such that 1he capacitors are charged in parallel via the 
rec1ifiers and ihcn discharged in series, the rectifiers ac1ing as 
switches in addition to their normal function. The regulation 
of these circuits is poor as a result o f this mode of operation, 
but the use of large value capacitors will assist in maintaining 
a rcasooablc regulation if the load varies appreciably. 

Half-wave and full-wave voltage doubler circuits arc illu
strated in Fig. 17.2 (a) and (b). The full-wave circuit has 
better regulation but has the disadvantage of not having a 
common input and output terminal. As in all full -wave 
circuits, the ripple component is at twice d1e supply frequency 
and is 1bereforc easier to remove. At zero load, the output 
vol tage is very nearly twice the peak value of the input a.c. 
voltage but falls rapidly to a value approximately twice the 
r.m.s. input voltage when appreciable current is drawn. The 
regulation may be improved by increasing the size of the 
capacitors, but care should be takeo to ensure that the peak 
current ratings of the rectifiers arc not exceeded. Scmi
concluc1or rectifiers are more convenient for use in these 
circui ts although valve rectifiers may be used if desired. 

Voltage tripler and quadrupler circuits arc illustrated in 
Fig. 17 .2 (c) and (d). The tripler is a form of half-wave circuit 
where the ou1put of a half-wave doubler is added to a normal 
half-wave rectifier. The quadn1pler circuit is also known as 
the Cockcroft-Walton multiplier and if required, additional 
stages may be added to provide higher output voltages. 
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Fig. 17..2. Voltaae multiplier circuits. (3) Hair-wave volta,gc doubler. 
(b) Full-wava,.voltage doubler. (c) Voltage triplar. (d) Vo ltage 
quadrupler. V - the peak value o f the a.c. input volt-ago. The 
workin& voltage..s of the c~pa.citor$ shou ld not be leu than the v:ifuc1 

shown. 

When used to provide appreciable currents (up to 50 60 
mA) the capacitors shown in the circuits of Fig 17.2 (a), (b) 
and (c) should be at least 8 µF and preferably 16 i•F, to pro
vide reasonable regulation of the output voltage. Lower 
values (O· .I 10 0·5 1iF) will be satisfactory when the load is not 
more than 1- 2 mA as in c.h.1. supplies. The polarity of the 
omput voltage may be reversed in all the circuits shown by 
reversing the connections to each rectifier. 

Types of Rectifier 

Semiconductor and valve rectifiers may be used in the 
circuits described in lite previous section. Semiconductor 
rectifiers have the advantage of low voltage drop and do not 
require heater power, but arc more susceptible 10 break
down when misused, particularly in respect of excessive 
operating temperature and peak inverse voltage. Generally 
speaking the serniconducwr rectiAcr is preferred for use in 
low vohage high current supplies where the bridge connec
tion is normally employed and in e.h.t. supplies. particularly 
when one of tl.e various types of voltage multiplication 
circuits is employed. In passing it may be noted that the 
terminal of a semiconductor diode corresponding to the 
cathode of a thermionic diode is marked + or carries a red 
colour indication. 

The valve rectifier is rnanufac1ured in a great variety of 
types and ratings suitable for nlrnost any :1pplication in 
amateur equipment. They may be divided into two typcs
high vacuum and gas or mercury vapour filled. each having 
its particular field of usefulness. 

The high vacuum rectifier is available in both half-wave and 
full-wave types, the la tter consisting of two diodes in the 
same envelope with a common cathode and healer assembly. 
The indirectly heated type of low-power rectifier is preferred 
although the earlier directly heated types arc still used. The 
indirectly healed type warms up at sensibly the same rate as 
the other indirectly heated valves in an equipment and so 
avoids 1he applicalion of high no-load h.t. line voltages to 
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the ci rcuil. Some types of indirectly heated rectifiers will 
withstand heater-to-cathode voltages of up to 650 volts peak 
and are provided with 6·3 volt heaters, thus permilting the 
use of the same heater winding for all valves, e.g. in a receiver 
or test equipment. The vacuum rectifier is characterized by 
a relatively high internal resistance between anode and 
cathode which renders it less susceptible to damage from 
temporary overload. 

The maxinrnm d.c. load current available from the larger 
type of full-wave rectifier is 250 mA, and the maximum a.c. 
input voltage 10 each anode is 600-1000 volts dependent upon 
the type of filter circuit employed. The two anodes of a full
wa,·e rectifier may be paralleled via current equalizing 
resistors of 50- 100 ohms if higher current output is required. 
Two such valves used in the full-wave circuit will provide 
1wice the output current of one valve, with some improve
ment in regula tion . 

Gas-fi lled or mercury vapour rectifiers are used when the 
current and voltage requirements are in excess of the ratings 
of high vacuum types. They arc normally directly heated 
half-wave types so that two valves are required in the full
wavc circuit. J3ot11 gas-filled and mercury vapour rectifiers 
have a low internal voltage drop of J0- 20 volts independent 
of load current. In the case of mercury vapour types there 
arc certain operating limitations which must be observed, 
e.g. the h.t. voltage must not be applied until all tbe liquid 
mercury within the bulb has been vaporized by pre-heating 
the filament and the bulb temperature must be kept within 
prescribed limits set by the manufacturer. Non-observance 
of these points entails premature failure of the rectifier. 
Gas-ri lled types am less critical in operation but the filament 
must be allowed to reach its normal operating temperature 
before applying h.t. 

Gas-filled valves and to a lesser extent mercury vapour 
types can produce oscillation noise and for this reason block
bias switching of transmitters may, at frequencies below about 
3·5 Mc/s give rise to excessive noise in a nearby receiver. 
This noise docs not, however, appear on the carrier as it 
occurs only when the valves are virtually non-conducting. 

Rectifier Ratings 

Valve and semiconductor rectifiers are subject to limita
tions in respect of peak inverse voltage and peak current 
handling capability, both when delivering power to a load 
and when swi1ching on. Jn this connection it should be noted 
that when h.t. voltage is applied to a rectifier (assuming 
the cathode is at normal operating temperature in the case 
of a valve) having a capacitor input filter, t11e capacitor when 
uncharged presents a virtual short circuit to the rectifier. 
Under these condilions a very large current nows, limited 
only by the internal impedance of the transformer and the 
rec1ifier itself until the capacitor is charged. Jn order to 
ensure that an acceptable life is obtained from the rectifier 
the manufacturers provide recommendations in respect 
of the minimum value of series impedance which should be 
present to limit this surge current to a safe value. This 
information is often presented in the form of rating charts, 
from which suitable operating conditions may be selected 
with a minimum of calculation. A study of the manu
facturers· data on maximum ratings will be well repaid in 
long life when the rectifier is correctly chosen and the 
associa1ed circuitry so designed that none of the ratings are 
exceeded. 
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Operation of Rcclificrs 

It is important to ensure that the filamen t or heater of the 
valve rectifier is operated at the correct voltage, measured 
at the valve pins. Reduced li fe expectancy and performance 
wi ll occur if the heater or filament is under-run. T he larger 
types of valve rectifier take consiclcrnblc heater or filament 
current and an adequate gauge of wire should be used when 
wiring up the valvcholdcr. The choice or valvcholder is 
also important as in many instances each electrode of the 
valve is al a high potential to earth. Ceramic valveholdcrs 
spaced away from the chassis if necessary arc recommended 
for high voltage rectifiers operating at 500 vollS or more. 

It is desirable to mount rectifier valves. whether vacuum, 
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mercury vapour or gas filled types, in the vertical position 
wi th base downwards, to assist ventilation and avoid short 
circui ts due to a sagging filament touching the anode, 
particularly when low impedance directly-beated rectifiers 
arc employed. 

When mercury vapour rectifiers are first put into service or 
after a prolonged period of ston\ge, they should be operated 
at normal fi lament voltage for at least 30 minutes prior to 
applying the anode voltage. This is to ensure that any 
liquid mercury which has become attached to the fLlameot 
is evaporated, as otherwise arc-back may occur with conse
quent damage to the filament and its oxide coating. After 
the valve has been put into operation, a heater wann up time 
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fig. 17.3. Typic3.I practical circuits of power suppliu. (a) 350 volt 
1SOmA power supply with two section capacitor input filter. H.T. 
switching is provided by S2 or remotely by a relay contact at the 
;ame point in the circuit. (b) 1000 volt 150mA supply showing typial 
del3.ycd h.t. switching circuit. High voltage cannot be applied unti 
the heaters or V1 and Vl have reached operatini temperature. 
Norm:i( h.t. switching is carried oot by a relay contact or a s.p..s.t. 
swit<h at the point marked X . VI "nd V2 are typo RGl·2'40A (or 
with a suihble heater transformer 866A) ; VJ, DLSf9 (A.E.I.). Londex 
type ML/A C is suito.bl<> for RLA/2 (6 volt a .c. relay with I change-over 
and I make contacts) and Londex type LC for RLB/2 (6 volt a.c. 

contactor with 2 heavy duty make contacts). 



of 30-60 seconds will be adequate before anode voltage is 
applied. The use of a thermal delay switch to delay applica
tion of the h.t. voltage to the rectifier valves until the heaters 
have warmed up is recommended. A typical circuit employ
ing a thermal delay switch for this purpose is shown in 
Fig. 17.3. 

SUPPLY 
VOLTA6E 

MAGNETIZING 
CURRENT 
IHAG 

SECOHOARY 
VOLTAGE 

..,_SVITCH 
OPEHEO 

- TRAN SIEMT 
VOLTAG E 

Fig. 17.4. Sw itch .. off transient generated from transformer or choke. 

Silicon Rectifiers 

Silicon rectifier diodes are rapidly replacing thermionic 
rectifiers, especially as thesmallsizeandrclativelackof heating 
results in smaller and cooler-running power supply units. 

Silicon diodes as with all other types of semiconductors do not 
tolerate excessive voltage or current transient surges, and it is 
necessary to protect these rectifiers against transients which 
may arise from power system switching on the power com
pany's distribution network, lightning striking the power 
lines directly or by induction, or switching on or olT the 
supply to the transformer. 

With any rectifier having a low forward resistance (e.g. 
silicon, gas-filled or mercury-vapour rectifiers) consideration 
must be given to the effect of operating into a capacitive load 
such as that presented by the reservoir capacitor of the con
ventional ripple filter. At the moment of switching on, the 
reservoir capacitor represents an almost direct short-circuit 
across the output of the rectifier. Additionally, if the value of 
the capacitor is high, then large peak currents will flow during 
the relatively short duty-cycle of the rectifier. The peak 
current which will flow at switch-on will depend upon tbc 
precise moment in the a.c. cycle when the switch is closed; 
the worst possible conditions occur when the switch closes 
exactly at the peak of the sine wave. A silicon rectifier has 
no protective warm-up time so that it is possible for a heavy 
surge of current to flow into the reservoir capacitor. 

As with mercury vapour and other low impedance recti
fiers, this problem can be largely solved by using a choke
input rather than a capacitive-input, ripple lifter; this ch:tnge 
will also improve voltage regulation, though at the cost of 
some lowering of d.c. voltage output. However, a choke is 
a bulky and fairly expensive component and tbere:are many 
applications where this solution is inconvenient. In such 
circumstances it is highly advisable to !it a surge limiting 
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resistor between the rectifier and the reservoir capacitor, 
even though this results in some loss of re~tification efficiency 
and the generation of additional heat. An acceptable value 
for a surge limiting resistor is roughly 15 to 30 ohms per 
diode; 

Transient voltages are generated whenever a magnetic 
component (such as a transformer or choke) is energized or 
de-energized. For example, transient voltages of a peak 
amplitude several times the normal value can be generated 
through the sudden interruption of current by switching (sec 
Figs. 17.4 and 17.S). 

There are two main design problems: to make sure that 
normal working conditions are well within the p.i.v. rating 
of each diode; and to limit high voltage and current surges to 
a safe working level. 

Some makers distinguish between these two problems by 
adopting the term "crest working voltage" (c.w.v.) for the 
maximum peak voltage which occurs under normal repetitive 
conditions as opposed to the transient rating which is a 
higher voltage which can be accepted for a momentary period. 

Calculating P.1.V. Ratings 

The first step when considering the design of a power supply 
using silicon diodes is to calculate the basic peak inverse 
voltages (that is crest working voltages) which will appear 
across each diode. Fig. 17.6 shows the situation for the most 
commonly used circuits, these theoretical figures ignore 
tranSformer and rectifier voltage drops, etc., but this is of 
little practical importance in the power units under 
discussion. 

MAIHS SUPPLV 
VO LTAGE 

SECONDARY 
VOLTAGE 

SV ITCH 
CLOSED 

--. 
VpK _______ t_ 

f ig. 17.S. Switch~on trantiont generated from transformer or choke. 

Consider the bi-phase or full-wave circuit of Fig. 17.l (b). 
The p.i.v. across each leg of the rectifier is approximately 
equal to 2 , ; 2 (about 2·8) times the alternating voltage 
(measured in r.m.s.) across each half of the transformer 
secondary winding. Thus with a 350-0-350 volt transformer, 
the p.i.v. across each rectifier section will be roughly 2·8 x 
350 volts, which is 980 volts. To provide a reasonable 
margin of safety, it will be advisable for each section to have 
a p.i.v. of about 1200 volts. A single diode with this rating 
would tend to be rather expensive; in practice. two 600 p.i.v. 
or 800V p.i. v. types would be used. The use of diodes of mixed 
ratings is not recommended. 
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Basic Single 
Phase Ha lf
Wave Resistive 
Load 

Single Phase 
Ha lf-Wave 
Capacitive or 
13atlery Load 

Single Phase 
Voltage Doubler 
Symmetrical 

Single Phase 
Voltage Doubler 
Cascade 

Single Phase 
Full Wave 
Resistive or 
Inductive Load 

Single Phase 
Full Wave 
Capaci tive or 
Battery Load 

S ingle Phase 
Bridge Res istive 
o r Inductive 
Load 

Circuit 

l>I J, 
~ 
I 

Rs 

~~--------,., ~I w..-«f l 
C • 1·4 Vae WORKING 

C= 1· 4Vac WORKING 

ll~j c'j t 
Cl~ l• 4Voc WORKING C2 • 2·8Voc WKG 

~ 

1.- r o ;.:..~~: 
S' Voe ~ · .. ;· .. ;·.,,t "'-
>.._. 
>Voe 

1~ 

~ · . Rs 
S Voe 

cf 
)~ 
)) 

~Voe ~ 
~ 

r 

C:: 1 • .:voc WORKING 

II Vac 

P.l.V. 
Across 
D iode 

1·4 Vae 

1-4 Vac 

2·8 Vac 

2·8 Vac 

2·8 Vac 

2·8 Vac 

1·4 Vac 

Max. Vac 
Related to 

D iode P.I.V. 
Rating 

PIV 

·./2 

PIV 

./2 

PIV 

2./2 

PI V 

2\1'2 

PJV 

2\1'2 

PIV 

2v'2 

PfV 
y'2 

Max. mean j 
D .C. Output Approx. Mean 

Current D.C. O utput 
Related to Related to A.C. 

Diode Rating input vo ltage 

0·8 I 
approx. 

0·8 I 
approx. 

0·8 I 
approx. 

2 I 

I ·6 J 
approx. 

2 l 

0·45 Vac 

J ·4 Vac• 
(Maximum) 

2·8 Vac• 
(Maximum) 

2·8 Vae* 
(Maximum) 

0·9 Vac 

1·4 Vac* 
(Maximum) 

0·9 Vae 

Fir. 17.6. Ratin11 in other con nections related to basic ratings-. 
• Fiaurcs quoted are maximum , i.e. no load. The actual voltai c depends on the load and capacitor va lue. Any voltage d,.op d uo to t he 
diodes and th e transformer impedance is ianored. 
N ote: Vac is in r.m.s. values. RS is a. suree l im itinr resistor. 
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in 1his calculation ii llas been necessary to distinguish 
be1wccn the a.c. input to the rectifiers and the theoretical d.c. 
output. This is because the multiplication factor to obtain 
the p.i.v. from the theoretical d.c. output is 3·14, appreciably 
higher than the 2·8 used. 

Voltage equalization is required when a number 
of diodes are connected in series as the reverse 
resistance of silicon diodes varies appreciably. This 
problem can be overcome by connecting an equalizing 
resistor across each diode (as should be done incidentally for 
series-connected YR-tubes and electrolytic capacito rs) see 
Fig. 17.7. The va.lue of the resistor must be relatively smaU 
compared with the reverse resistances of the diode.~. The 
peak inverse voltages are then shared almost equally between 
tl1c diodes despite any differences in the diodes themselves. 
A typical value would be 300 to 400 ohms per volt of the 
p.i.v. rating of the diode. These resistors will, of course, 
allow a certain amount of a.c. to bypass the diodes 
but tl1is forms only a small part of the ripple current. 

Even wilh equalizing resistors it is advisable not to operate 
series-connected diodes right up to their full p.i.v. ratings if 
this can be avoided. A good safety margin should be allowed 
to meet unavoidable current and voltage surges. 

1000 

ISOK ISOK ISOK 

fie. 17.7. Typical power supply using serie11 connected silicon 
di odes illustratine some or the p recautions discussed in the te)(t.. 

As an alternative to resistors, equalizing capacitors (Fig. 
17.8). may sometimes bll recommended for this purpose, 
fornung an a.c. potentiometer. 

There arc various circuit methods of reducing the effects 
of transients arising from switching surges and mains over
voltagcs. 

One of the most satisfaclOry methods of restricting these 
is to connect suitable series connected capacitors and resistors 
across either primary o r secondary of the power transformer. 

Suitable values for these components can be calculated 
rrom lhe following expressions. 

For use across the primary: 

C = 100 I mag µF 
v 

150 
R = yohms 

µF 
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Fig. 17.8. Oise ceramic capacitors used ~s transient suppressors in 
hich·volt.aae silicon diode power supply. For a 2 kV transformer C 
would be rated at 5 kV and the remainint 'ap3citors (0·002 µ F) l ·l 
kV. The actual number of diodes in ea.ch arm would depe nd on 

their p.i.v. ra.tin11. 

For use across the secondary: 

C = 225 ! mag T1 µF 
v 

R = 
200 

ohms c 
1•F 

where 
lmag = Magnetising r.m.s. current. 

For this purpose a value of 10 per cent of the 
primary or secondary as appropriate may be used. 

= Transformer primary r.rn.s. voltage. v 
T 

primary 
- Transformer cl r.m.s. voltage. 

secon ary 
Controlled avalanche rectifiers arc likely to be increasingly 

used, these have a carefully controlled non-destructive 
internal avalanche breakdown to protect the junction. 

Temperature Effects 
The characteristics of silicon junction rectifiers, like those 

of other semiconductor devices, are sensitive to changes in 
temperature. Although silicon diodes can be used at tcm
pera~ures well above the boiling point of water (100° C), the 
maximum safe d.c. output current falls quite rapidly with 
increasing temperature, so the maximum output of s ilicon 
diodes must be reduced with increasing ambient temperature. 

The extent of the derating necessary can be quite severe 
although the figures vary a little with type. Thus a 250 mA 
diode might have to be restricted to about 100 mA if required 
to operate at a high temperature. 

The amount of heat generated in the rectifier itself is low 
so that it should usually be possible to ensure that the diode~ 
run cool. They should be mounted so that a reasonable 
amount of cool air can reach all outside surfaces; they should 
be kept away from heat producing valves and components. 
The temperature of any equalizing or surge-limiting 
resistors can be kept low by fitting generously rated types. 
Try to ensure that the diodes are not mounted in currents of 
warm air. 
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Fi11. 17.9. Typical filter circuits. (a) Sim
plecapacitorfilter. (b) Capacitor input 
filters. (c) Choke input filters. (d) 

Re.a:iltance capacitanc,e filters. 
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SMOOTHING C IRCUITS 

The pulsating d.c. from the rectifier circuits illustrated in 
Fig. J 7. 1 is not sufficiently constant in amplitude to be used to 
operate equipment directly and means must be provided 
to smooth out the variations. This runction is carried out by 
means or a combination of series inductors or resistors and 
parallel capacitors termed a filter or smoothing circuit. 
As described earlier, the output from the rectifier consists of 
d.c. plus a superimposed a.c. component and expressed in 
its simplest terms the action of the filter is to separate one 

R~ctif iqr Output Vollog~ 

(a) 

Ruuvoor J:7 
Capacitor 
Charging Puiod l 

I 

(t>) 
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FILTERS 

from tbe other and allow the d.c. to pass to the load while 
the a.c. is bypassed and confined to the filter circuit. Apart 
from its basic purpose of separating the a.c. and d .c. compo
nents of the rectifier output, the filter has a profound effect 
upon the operation of the rectifier itself and the d.c. voltage 
output, the voltage regulation of the supply and the maxi
mum load current which can be safely drawn depend to a 
large extent upon the design of the filter. 

Power supply filters fall into two classifications depending 
upon whether the first component of the filter network is a 
capacitor or an inductor (choke). Capacitor input filters 

Fig.17.10. Curves illustratin& t:he out· 
put voltage and current waveforms 
from a full -w:iva rectifier with capaci· 
tor input filter. The shaded portions in 
(a) re pre.sent poriod1 durinc which the 
rectifier input vol taae exceeds the 
volt:a.ge across the reservoir capacitor 
causinc chara.ina current to flow into 

it from the rectifier. 



are characterized by a relatively high d.c. output voltage 
for a given a.c. input voltage to th e rectifier, but tJ1e rcgula
lion is poor and the rectifier is called upon to handle higher 
peak voltages and currents than when choke input is used. 
A choke input fi lter provides much better regulation when 
properly designed but the d.c. dutput voltage is lower. 
The resistance-capacitance filter is a variant of the capacitor 
input filter where resistors replace the inductors. The use of 
this type of filter is normally confined lo low constant current 
applications because of the relatively high voltage drop 
across the series resistors and consequent poor regulation. 
Typical filter circuit configurations are shown in Fig. 17.9. 

The Capacitor Input Filter 

The simplest form of capacitor input filter is illustrated in 
Fig. I7.9a and consists of a single capacitor Cl placed in 
parallel with the output of the rectifier and the load resistance. 

D ur ing the periods in which the rectifier is conducting 
Cl charges up to nearly the peak value 
of the a.c. voltage app lied to the rectifier, 
and if no load current were drawn the 
voltage on C l would remain constant. 
When a load is placed across the capaci
tor, it d ischarges into the load and the 
voltage across it falls un til the a rrival 
of the next pulse of current from the 
rectifier which recharges the capacitor 
to its o riginal vo ltage. This process is 
repetit ive and the resulting waveform of 
the output voltage is as shown in Fig. 
17.lO(a) for a full-wave rectifier. Thus 
the capaci tor Cl acts as a reservoir of 
charge which is depleted by the load and 
replenished by the rectifier during the 
period when the rectifier output voltage 
exceeds the capacitor voltage Fig. 
17.l O(b). C l is therefore known as the 
reservoir capacitor. 

The current wh ich flows into Cl from 
tJ1c rectifier is very large and limited only 
by the in ternal resistance of the rectifier 
and the total effective resistance of 
1J1e transformer windings. In order 
not to exceed the maltimum surge 
current rating of the rectifier it may 
be necessary in practical circuits to 
increase the effective resistance of the 
transformer by inserting additional 
resista nce between tJ1e transformer and 
the anode or anodes of the rectifier. 
TJ1e total source resistance as seen by 
the reservoir capacitor will determine 
how closely the capaci tor voltage will 
app roach the peak value of the a.c. 
voltage during the charging period, i.e. 
the lower the source resistance the 
more closely the two voltages wi ll 
approach each other. When a load 
is connected the capacitor voltage 
falls between pulses of charging current 
the amount by which it falls being 
determined by the load resistance. 

so 

10 

s 

1·0 

O·S 

O· I 

' ""-

""" ~ 

""'"'-'\. 
'\. 

" 

POWER SUPPLIES 

greater fall in voltage. The amplitude of the variation in 
capacitor voltage or ripple 1•0/tage which varies about a mean 
value corresponding to the d.c. output voltage, is therefore 
determined by the load resistance, and to a lesser extent by 
the source resistance as well as the value of th e capaci tor. 
A graph showing approximate values of ripple vollage 
expressed as a percentage or the d.c. output voltage plotted 
against load resistance is shown in Fig. 17.Jl for th ree 
typical values of reservoir capacitor. 

A reservoir capacitor of 16 µF represents the maximum 
value which should normally be used with a full wave 
rectifier and 32 µ F for a half-wave circuit. Increasing these 
values will produce relatively small improvements in voltage 
regulation and ripple but are undesirable because of tbc 
increased surge current through the rectifier and also because 
of increased ripple current through the reservoir capacitor. 
The amount of ripple current flowing is of great importance 
when an electrolytic capacitor is used as a reservoir, and 

F•o~ Et % 
Rcic t i f i ct r RL i 0 

RL • DC Output Voltogct 

"" 
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f igur q for ER 9'o mu st b<: 
dou bl cid. A l t<:rnot i v<: ly thci 
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som<: ER% is obtoinctd wh<:n 
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" " I'\. I' 

I'\. '\. ""-
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I'\. 

" ""' ""' " I' 
' ""' "' ' 
~ 

""' ""'' ' '\. '\. '\. 

' ..... I'. 

1"- I'\. I I' 

' ' I 

' " '"' " ., 

" " ..... , 
s 10 20 

LOAD RESISTANCE RL 
so 
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A decrease in the value of the 
capacitor or load resistance causes a 

f ig. 17.1 t. Curves showing 100 cfs ripple co mpo nent as <J. petccntaee of the d.c. outpu t 
vo ltage across a reservoi r capacitor. 
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too high a va lue of ripple current will lead to overheating 
and breakdown of the capaci tor. A typical value o f maxi
mum permissible ripple current is 260 mA for a 16 ,,F 450 
volt working electrolytic of plain foil construction and 
122 m/\ for au etched foil type. Provided that a d.c. load 
current of not more than 120 mA is taken when a plain 
foil type is used and 70 mA in the case of etched foi l types, 
there is little danger of exceeding the maximum ripple 
currents s tated. 

The d.c. working voltage of the reservoir capacitor whether 
electrolytic or paper should be at least equal to the peak 
value of the a.e. applied to the rectifier, i.e. ,12 times the 
transformer h.t. secondary voltage in half-wave and bridge 
circuits anti ,12 times the half secondary voltage in the 
biphasc circuit. The peak inverse voltage which tJ1e rectifier 
must withstand approaches 2 , 12 times the a.c. voltage at 
light loads in the half-wave and biphase circui ts and v 2 
times the a.c. vol tage in the bridge circuit. Table 17.1 summar
izes the vohage and current relationships existing in the 
circuits of Fig. 17.1. 

Choke Input filters 

The choke input fi ller is used when good regulation of the 
output voltage is important as for example in the h.t. supply 
for a class AB2 modulator stage, where the maximum load 
current may be 4-5 times the minimum. The output voltage 
obtained is somewhat lower than when a capacitor input 
filter is used and allowance must be made for ihis when 
selecting a sui tab le h.t. transformer. 

Full-wave rectifier circuits are normally used with choke 
input filters as the output voltage would be inco1weniently 

10·0 
' I ' ' I " " '\. - '\. 

' ' ' 

low if the half-wave circuit is used. Neglecting the voltage 
drop in the choke and rectifier, the mean d.c. output voltage 
of a choke input filter feel by a full-wave rectifier is 0·9 times 
the applied a.c. voltage. The choke input filter is illustrated 
in Fig. l 7.9(c) and consists of an iron cored inductor LI in 
series with the load and a capacitor C J across the load. The 
action of the inductor L I is to atlempc to maintain a constant 
flow of current through the rectifier throughout the a.c. cycle. 
lf the inductance of LI were infinite the current would be 
constant, but in practice this cannot be achieved, and some 
variation of current docs occur and appears as a ripple, 
but provided the peak-to-p~ak ampl itude of the variation docs 
not exceed the d.c. load current satisfactory constant current 
operation will be obtained. The minimum value of induct
ance required to do this is called the critical i11d11rt1111ce, ~. 
Assuming the source resis tance as seen by the rectifier is 
small compared with the load resistance RL (d.c. output 
voltage/d.c. output current), then Le in Henrys is given by 
tbe following equation 

Lo - RL/940 for a full wave, single phase, 50 c/s supply. 
It will be seen from the equation for critical inductance 

that the value of Lo becomes lower as the load current is 
increased. This permits the use of a swinging choke for LI 
with considerable economy in cost over that of an ordinary 
"constant inductance" choke. The inductance of a swinging 
choke is high at low currents falling off to perhaps 20-25 per 
cent of its low current value as the current flowing is increased 
to its maximum rating. This characteiistic permits the use 
of a smaller and less expensive component, a typical specifi
cation of which would be 25 Henrys at 50 mA, falling to 
5 Henrys at 250 mA. 

lf the minimum inductance is insufficient the filter will 
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F ig. 17.13. Relationship of percentage r ipple and product of RC. 

function as a capacitor input filter with its attendant rise in 
output voltage at light loads. At light loads, i.e. high values 
o f RL, the value of Le required for p roper operation would 
be inconveniently high, and it is usual to connect an arti
ficial load o r bleeder resistance across the output o f the 
supply to ensure that suOkient current is drawn at all times 
to enable a reasonable value of Le to be used. If the va lue 
of Le has already been determined by a vailable components. 
then the approximate value of bleeder current required 
(i.e. maximum value of R1, permissible) is given by the 
following expression: 

Bleeder current in milliamperes - D.C. output voltage 
L MAX (i11 Henrys) 

where L Jt.i.t = maximum inductance of the swinging choke. 
Further attenuation of the ripple component is achieved 

by the parallel capacitor C 1 and the overall reduction of 
ripple by a choke input filter is relatively high compared 
with the capacitor input filter of Fig. 17 .9(a). !\graph showing 
the relation between percentage ripple and the product LC 
in Henrys and microfarads is shown in Fig. 17.12. Values of 
L and C which lead to conditions approaching series 
resonance at the ripple frequency should be avoided as the 
ripple voltage would bui ld up to high values. which apart 
from defeating the object of the fi lter, may cause excess ive 
rectifier peak currents and unduly h igh peak inverse vo lt
ages. The product of L and C producing resonance is 

2·53 assuming 100 c/s ripple a nd 10·12 assuming 50 c/s 
ripple, and the product o f C in microfarads and L in 
Henrys (maximum current value) should be at least twice 
these figures. 

T he simple capacitor input and choke input filters des
cribed wi ll no t reduce the ripple vollage to a low enough 
value for use in power units supplying the low level s tages o f 
transmitters and receivers and further LC filter sections will 
be required as shown in Fig. I 7.9 (b) and (c) . 

As a guide to the number of fi lter sections needed the 
following permissible ripple percentages may be quo ted for 
va rious types o f load: 

C .W. transmitters 5 per cent 
Telephony transmitte rs I per cent 
C lass 0 modulators 0·25 per cent 
V.F.O.'s, speech amplifie rs and 

receivers. s.s.b. generators 0·01 per cent 
For most purposes one addi iional section will be adequate 

after a choke input filter, and one or two sections, depend
ing upon the required ripple attenuat ion, after a simple 
capacitor input fi lte r. The capacitors used in the addi tional 
sections should have a working voltage at least equal to. 
and preferably greater than. the peak a .c. voltage. The 
chokes should be consta nt induc tance types ra ted to provide 
the required inductance at the ma.x in1um current taken by 
the load. 
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Resistance Capacitance Filters 

The substitu tion of resistors for inductors in the filter 
sections following the reservoir capacitor provides an 
economical and space saving method of ripple attenuation 
when the regulation of the supply is not important and the 
relatively high voltage drop across the series resistors can 
be tolerated. The ripple attenuation x (where x = output/ 
input ripple) plotted against the values of RC from 102 to 
10s is shown in Fig. 17.13 where RC is the product of series 
resistance in ohms and parallel capacitance in microfarads. 
The same requirements regarding the capaci tor working volt
age apply as when LC sections arc used. It is also necessary 
to ensure that the series resistors are of adequate power 
handling capacity to avoid overheating. The required value 
of dissipation in watts may be computed from the usual 
formula W = I'R where I is in amperes and R in ohms, and 
the voltage drop from the formula V = IR using the same 
units. To redi.1ce the voltage drop, the highest practicable 
values of C should be used. This will also be advantageous 
in providing a low impedance path to audio frequencies, so 
reducing the possibility of low frequency instability when 
this smoothing system is used in conjunction with multistage 
audio frequency amplifiers. 

SELECTION OF A SUITABLE TRA N SFORMER 

The transformer secondar.y voltage required for a given d.c. 
output voltage is best obtained from the manufacturers' 
characteristic curves for the rectifier to be used. D ue allow
ance should be made for the voltage drop in the filter chokes, 
and also for the fall in transformer output voltage when 
current is drawn. A fall in transformer output voltage of 
from 5 to IO per cent of the open circuit voltage may be 
expected at full load. In most instances a f ommercially 
manufactured transformer will be employed in amateur 
equipment and it will be necessary to specify the maximum 
d.c. load cutTent a nd lype of rectifier circuit to be used when 
ordering a n h.t. transformer. 

The source resistance presented to a rectifier is determined 
by the winding resistance of the h.t. transformer plus any 
additional resistance inserted to bring the value up to the 
minimum required by the operating conditions of the 
rectifier. The effective transformer winding resistance is 
given by the following equation : 

Ej)ective wi11di11g resistance = N 2Rp + Rs ohms 
where N "" transformer turns ratio primary to secondary and 
Rp and Rs arc the d.c. resistances of the primary and second
ary windings. When the transformer feeds a bi phase rectifier, 
the turns ratio from primary to half h.t. secondary should be 
taken a11d also the resistance o f half the total h.t. secondary 
winding. 

Heater windings should be adequately rated for the total 
heater current to be drawn. Any deficiencies in this respect 
will give rise to excessive voltage drop in the transformer 
windings causing overheating and insufficient heater voltage 
to the valves themselves. When a heater winding is used to 
supply valves in a circuit susceptible to hum pickup it may 
be desirable to use a centre tapped heater winding, the centre 
tap being earthed and the heater wiring carried out in twisted 
pair. T ransformet"S having heater windings should have an 
adequate number of tappings on the primary to enable the 
heater voltage to be adjusted to its correct value with changes 
in the supply voltage. The mains voltage is normally held to 
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within 10 per cent of its declared value in U .K. and there
fore taps at 200, 220 and 240 volts are desirable. 

Valves taking a heavy1heater current are usually supplied 
from a separate heater transfonner mounted near the valve
holder to avoid the necessity of running excessively heavy 
heater leads. 

The provisiou of an earthed electrostatic shield between 
the primary and other windings of mains transformers is 
recommended. Apart from its basic function of reducing the 
interwinding capacitance, the shield provides an added factor 
of safety in the event of breakdown between h igh voltage 
windings and the primary of the transformer. R eduction 
of the interwinding capacitance results in Jess mains-borne 
noise being coupled into the equipment via the power supply. 

POTENTIAL DIVIDERS A ND SERIES DROPPING 
RESISTORS 

Voltages of lower value than that provided by the power 
supply may be obtained by the use of a potential divider 
which is a form of potentiometer where the tapping points 
Oll the resistance are fixed or adjustable instead of being 
continuously variable. As many tapping points as desired 
may be used to give various voltages, but each additional 
point from which current is taken will a ffect the voltage at 
each of the other tapping points. The extent to which the 
output voltage varies depends upon the current taken from 
each point and the resistance between the tapping points. 
The lower the total divider resistance, the better will be the 
voltage regulation at the tapping points. 

By the application of Ohm's Law, it is a relatively simple 
matter to calculate the resistances of each section of the 
potentia l divider network, provided the voltage and current 
taken at each tapping point is known. Fig. 17.14 shows a 
typical an-angement with two tapping points at B and A, 
providing voltages VI and V2 at currents 11 and I, . Tltc 
resistor R3 acts as a bleeder and dctcrminestheminimumcur
rent Is flowing through the divider network when the loads 
at A and B arc removed. A suitable value for J, would be 
l 0 per cent of the total load, this being a suitable compromise 
between the degree of voltage regulation obtained and the 
wastage of current through the divider chain. H aving fixed a 
value for 13 the procedure is as follows: 

Calculate R3 = Vl /13 

Calculate R2 = (V2 - VJ) / (I1 -1- Ts) 
Calculate Rl = (V - V2) I (11 + J2 -1- 13) 

where V = supply voltage and all currents are in amperes. 
The wattage rating of the resistors may be calculated from 

the usual formulae, W = VI = V 2/R = !2.R, V, I, and R 
being in volts, amperes and ohms respectively. 

In order to utilize the current in 13, which is otherwise 
wasted, it may be convenient to insert a sui table relay 
in series with RI, adjusting the value of the latter appro
priately. The relay will operate when the supply voltage is 
applied and its contacts used to operate other circuits as 
requi red. The insulation of the relay should be adequate 
for the functions its contacts are required to perform. 

Where only one reduced voltage is required at constant 
current, a simple series resistance may be used the value of 
which can be calculated as foll ows : 

Voltage dropped across 
resistor 

Required series resistance in ohms = --- - - - - - -
Current taken by load 

in amperes 



Ln many instances it will be found necessary to decouple 
the load side of the resistor with a suitable capacitor to avoid 
instability due to the high source impedance presented by 
the series resistor. Decoupling may also be required at the 
tapping points of the voltage divider. A capacitor of at 
least 2 1•F will be required to decouple audio frequencies 
and O· I 1•F for radio frequencies. 
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F ig. 17.14. Potential divid er circuit. 

VOLTAGE ST ABI LIZATION 

Certain types of circuit require a source of stabilized 
voltage for their correct operation. Examples of such cir
cuits arc local oscillators and Q multipliers in receivers and 
variable frequency oscillators in transmitters. A stabil ized 
grid bias supply is also desirable for the correct operation 
of class AB2 and class B amplifiers used in modulators and 
s.s.b. transmitters. Changes in frequency or operating 
conditions due to variations in mains voltage and load 
variations may be eliminated or greatly reduced by the use or 
voltage stabilization circuits. 

A moderate degree of stabilization is obtained by the use 
of one or more cold cathode stabilizer valves or Zener 
diodes (described in Chapter 2- Valw!s and Chapter 3-
Se111ico11d11ctors respectively). These devices will reduce 
voltage variations to within 1 per cent to 3 per ceut of tl1e 
nominal value of stabilized voliage, which is fixed by the 
device selected and cannot be varied. Cold cathode stabilizers 
are available for operating voltages between 50 and 150 
volts, Zener diodes from about 3·3 volts to 150 volts. 
Current ratings of cold cathode stabilizers are limited to 
about 50 mA maxirmun; Zener diodes may be rated up to 
several amperes when used with a suitable heat sink. 

A much closer degree of stabilization is obtainable from 
a hard valve or transistor stabilizer circuit, where cold 
cathode tubes or Zener diodes are used as voltage reference 
sources only. A very low output impedance, typically less 
than O· .I ohm may be obtained by suitable circuit design 
and the output voltage is variable manually over a wide 
range from zero upwards if desired. These advantages are 
gained at the expense of relatively complex circuitry as 
shown by the example in the practical circuit section. 

Cold Cathode Stabilizer Circuits 

The basic circuit of a cold cathode stabilizer is very simple, 
consisting of a resistor in series with the tube, the two being 
shunted across the unstabilized supply. The stabilized 
voltage is t:i ken from the junction of the series resistor and 
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anode of the cube, thus the circuit resembles a potential 
divider. The value of the series resistor is determined by 
the characteristics of the tube and the sta bilized supply 
voltage. The characteristics are such that it will maintain a 
nominally constant voltage between its anode and cathode 
over a specified range of current through the tube typically 5 
to 40 mA. The value of the series resistor must theoretically 
be selected to maintain the current within the specilit:d 
minimum and maximum values under all conditions 
of operation. ln practice it is found that any one 
value of resistor may not satisfy all the circuit conditions and 
a compromise is made, the value of series resistor being 
chosen, so that the current through the tube does not exceed 
the specified maximwn when no current is being drawn by 
the load circuit (Fig. 17.15 (a)). The use of voltage stabilizers 
having a separate striking electrode will assist in ensuring 
that the tube strikes when the load circuit is drawing 
current. The striking electrode is connected to the unstabil
ized supply via a 270K ohms resistor. 

The value of R 1 is given by the following expression: 
Y1 mnx - Va 

Ia m,.,, 
where Yi max is the maximum value of the unstabilized 
supply voltage, Vs is the nominal stabilized voltage and 
Is is the maximum permissible stabilizer current in amperes. 
The maximum variation of load current IL should not be 
greater than (T. max - 4 mtn), and should preferably 
be rather less to allow for variations in the unstabilized 
voltage. 

The value of the unstabi lized voltage must be at least 
3~0 per cent greater than the stabilized voltage to ensure 
that the tube will strike when first switched on. Two or 
more tubes of similar current rating may be connected 
in series with a common limiting resistor to produce higher 
values of stabilized voltage as shown in Fig. 17.15 (b). The 
unstabiljzed supply voltage s11ould be at least equal to the 
sum of the striking voltages of each tube in the chain to 
ensure that the/will conduct when the supply is first switched 
on. The shunt resistors shown in Fig, 17.15 (b) will assist!in 
initial striking and should not be omitted. Current may be 
drawn from intermediate tubes if desired but the total load 
should not exceed (Ts max - I s min). 

The connection of voltage stabilizer tubes in parallel to 
increase the permissible load current is not recommended, 

1. L, ILt + 

t .. 
vi 

+ I I 
V5 

I Vi 
IL2 

1vs2 
(o) 470K VS! 

_I 
(b) 

Fig. 17.15. G"s-lillod volt'1go stabilizflr circuits. (a) Simple volta10 
stabilizer arrangoment. (b) Two or more stabilixer t ube1 In series 

to provide lncroased values of regulated vo1t:\ga. 
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Fig-. 17.16. (a) Typical circuits of serie.s stabilized power un its. 
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as one will strike, lowering the available striking voltage 
on the other tubes which will remain inoperative. 

Voltage stabilizer tubes are polarised, i.e. they have a 
preferred direction of conduction and their stabilizing 
properties will be impaired if the rated maximum inverse 
voltage is exceeded. 

l»JOK 

IOM 

222K 

1·7 M 

STABILIZED 
VOLTAGE 

Fig. 17.17, Typical shunt st;i.bllizer circuit. 

Stabilized High Voltage Supplies 

Another type of cold catJlOde stabilizer for high voltage, 
high impedance supplies makes use of the corona discharge 
in a gas and is used in much the same way as the glow 
discharge type. This operates at quite low currents with 
voltages of 350- 500V and more. The maximum current 
is strictly limited and must not be exceeded since the cl ischarge 
would change from the corona type to the normal glow type 
with a corresponding change to a much lower voltage, and 
the valve would be permanently damaged. 

Typical circuits for these tubes arc similar to those for 
the glow discharge type, and a suitable series resistor is 
used to set the current through the tube. 

Corona stabilizers a re suitable for fixed high voltages and 
any variable supply must have a suitable potential divider 
across the output to set the required voltage. However, a 
variable low impedance supply can be obtained b>' use of a 
high voltage shunt triode. A suitable circuit is shown in 
Fig. 17.17. 

Valves for this type of application should be of suitable 
constniction for high voltage use as under some conditions 
most of the voltage will appear across the valve. Special 
types arc available as arc valves rated for use at the high 
voltages developed in anode-modulated r.f. amplifier 
service. 

Zener Diode Stabilizer Circui ts 

The Zener diode stabilizes by virtue of avalanche break
down when a sufficiently high reverse voltage is applied 
and a series resislance is required to limit the current through 
the diode. A negative stabilized supply may then be taken 
from the ANODE of the diode. A similar marking con
vention app lies as with other types of semiconductor diodes 
i.e. lhc ca1hodc is indicated by a + ve sign or a red marking. 
In the la rger types of Zener d iode one terminal is usually a 
th readed stud to enable the device to be attached directly 
to a hc:ll s ink. 

POWER SUPPLIES 

The minimum current through the diode should be 
sufficient to bring the operating point into the region of low 
dynamic resistance. This is particularly important when a 
diode stabilizing at voltages less than about 6 volts is to be 
used as the slope of the voltage/current characteris tic curve 
is quite gradual at values of diode current less than 10- 20 mA. 

Like any semiconductor device the Zener diode is tem
perature conscious in respect of breakdown voltage and 
device dissipation. Diodes with a breakdown voltage below 
5 volts exhibit a small negative temperature coefficient of 
the order of 1- 2 mV/°C., and a similar value of positive 
tempcruturc coefficient is found in diodes with a higher 
breakdown voltage. The small wire-ended diodes currently 
available have a device dissipation of the order of 0·5 to 
3 w·at1s :lt 25°C and stud-mounted diodes, 5-100 watts. 

TI1e value of series resistor to be used is calculated in a 
similar manner to that used with a cold cathode tube, 
the relevant formula in this case being Rs = V11-1 - Vz 

fz + IL 
where Rs - series resistor in ohms 

V!N- unstabilizcd supply voltage 
Vz- stabilized voltage 
/z--Oiode current in amperes 
11.-load current in amperes. 

The greatest degree of stabilization for a given device is 
obtained when Rs is as large as possible, but to ensure that 
che required load current is available despite variations 
in supply voltage and diode voltage/curren t charac1eristics 
the value of Rs should also meet the criterion-

VIN (min) - Vz (max) 
Rs (ma;() < Iz (min) + IL (max) 

in amperes, volts and ohms as before. The device dissipa
tion Is then calculated (W = IzVz) under no load conditions 
and a suitably rated diode selected. 

Series Stabilizer C ir cu it s 

There are many applications where a power supply is 
required which will give a steady d.c. output voltage which 
is not affected by any of the following: 

(a) Mains fluctuations 
(b) Load current variations 
(c) Hum or noise. 
St.'lbilization is normally defined as the change of output 

voltage with respect to the output voltage at a stated load, 
when the input is varied due to a mains fluctuation. This is 
stated as a percentage: 

0 Yout 
- - - x 100 per cent 

V ou \ 

Regulation is defined as the change of output vol tage wi th 
respect to the no load output voltage when the load current 
is varied. 

This is stated as a percentage : 

II V out 
- -- x 100 per cent 

V ou t 

over the range from no load to full load current. 
Fig. 17.16(a) shows a typical arrangement. The rcctificcl 

and smoothed d.c. is fed to the anode of the series valve VI , 
and the output is taken from its cathode. Any change in 
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output voltage is fed to the input of a d.c. coupled control 
amplifier V2, and its output is used to alter the impedance 
of the series valve, by changing the grid bias. The relationship 
of the amplifier input and output voltages is such that any 
drop in stabilizer output voltage is compensated by a reduc
tion in impedance of the series valve. This in turn reduces 
the voltage drop across the valve and returns the output 
voltage almost to its original value. A rise in output voltage 
is compensated in a similar manner. 

The amplifier input is taken from the potentiometer 
network R3 and R4 in order to keep the grid voltage 
s lightly negative with respect to the cathode potential which 
is fixed by the reference tube V3. 

If it is desired to adjust the output voltage of this circuit 
the resistor R3 should be made variable. 

lf a wide range of output is required it is generally advis
able to provide several taps on the mains transformer. By 
this means it is possible to keep the voltage drop across the 
series valve to a reasonable value. 

Tf a wide control of output voltage is required in one 
range only, it may be necessary to use severnl series valves 
in parallel, in order to keep the current in each valve low so 
that the anode dissipation rating is not exceeded at low 
output voltages. A number of valves may be connected in 
parallel if the required current is higher than U1e maximum 
obtainable from a single series valve. In order to minimize 
the effect of variations in characteristics it is necessary to 
insert small equalizing resistors, of the order of 50-330Q, 
in series wi th each anode. This ensures that a va lve taking a 
higher current is not over-dissipated. It may also be an 
advantage if a small resistor (of the order of 5-1 OQ) is 
inserted in series with each cathode. 

To obtain a more efficient elimination of ripple and noise, 
a capacitor Cl is connected between the d.e. output line and 
the control valve grid. This effectively short circuits the 
lop half of the potential d ivider R3 and R4 for a.c. signals 
and enables the whole of the ripple or noise to be applied 
to t11e grid of the control amplifier valve in order to obtain 
a degree of cancellation. 

The Requirements of a Series Stabilizer Valve 

The three main requirements of a valve to be used in the 
series circuit of a voltage stabilizer are as follows: 

(a) Low ra 
This is necessary as the voltage output is the difference 

between Vin and Va- k. Thus, the lower the r,. and hence 
the voltage drop of the series valve, the lower will be the 
input voltage required for a given output. 

(b) High gm 
A high gm is required in order to give a high degree of 

control. 
(c) High Pa 
A relatively high anode dissipation rating is desirable, in 

order that a high output current can be drawn from the 
valve without over-dissipation. This is particularly necessary 
if the output of the stabil izer is to be adjustable. At low 
output voltages the anode to cathode vol!age will be large 
and hence the anode dissipation high. 

Requirements of a Control Amplifier Valve 

A necessary requirement for good stabilization is that the 
control valve should have high gai11. Therefore a pentode 
amplifier is normally used. An alternative is the use of a 
double triode in a cascodc circuit. 
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A fixed ca thode potential is essential in order that any 
~~~~w~m~~m~~~p~~ 
cathode potential and thus give maximum control . F or 
this reason it is not possible to use a cathode resistor, as the 
cathode potential wi ll then vary with that of the grid. A 
reference tube is generally used to hold tbe cathode at a 
constant potential. 

In order to have a large signal at the control grid it is 
necessary to have a large d.c. voltage at the grid. This 
necessita tes a high cathode potential, and this is normally o f 
the order of 85-150V. The limit is reached when the anode
cathode voltage is too low to give adequate gain. 

Where a wide range of output voltage is required, one 
effective method is to have available a negative supply as 
shown in Fig. 17.16(b). By this meU1od it is possible to vary 
tbe output from zero to maximum-the limit being deter
mined by the series valve or valves used (V3) and the input 
voltage available. 

The screen of the control valve (V4) is connected to the 
earth pole11tial, the cathode to a constant negative voltage 
determined by V5 and V6 and the control grid to a potentio
meter net work connected between tbe positive stabilized 
and negat ive lines. In this way V g2-k and Vt arc 
held constant and V u-1< is negative. R may then be 
varied until the stabilized output is finally reduced to zero, 
but V R-k is sufficient to allow the valve to operate. 

The negative voltage may be obtained by the method 
shown in Fig. 17.16(b), by means of a separate winding, or 
separate mains transformer and rectifier. Auotbcr method 
is shown in Fig. 17.16(c), wbere a rectifier is connected in 
the reverse direction across one section of T l . Where a 
limited range of output or a fixed output is required the 
negative supply is not necessary, and the basic circuit as in 
Fig. 17. 16(a)may be used. 

When a negative supply is not used, it is common practice 
to derive the screen volta.ge of the control valve from the 
unstabilized supply. Normally an increase in input voltage 
leads to an incrcaseinoutput voltage which increases the anode 
current of the control valve, thus increasing the bias on the 
series valve. The resulting cbange in the impedance of the series 
valve reduces U1c output voltage, but if at the same time V" of 
the control valve increases, its anode current will increase 
still further and the mains variation will be over-compensa
ted. If this condition occurs. an improvement in stabiliza
tion can be obtained if R2 in Fig. 17.16(a) is replaced by a 
reference tube, keeping V g2 coustant, or if tbe screen supply 
is taken from the stabilized voltage if this is not variable. 
Tllis latter arrangement is shown in Fig. 17.16(d). 

R1, should be as large as p ossible for maximum gain. A 
limit is re:iehed when the anode-cathode voltage of V2 
becomes too small . One method of keeping RL as large as 
possible is by the use of a reference tube in the anode circuit 
of the control amplifier (V4 in Fig. 17.16(e)). In this manner, 
V., can be high even when Voat is low and RL is large. When 
the output voltage covers a wide range, care must be taken 
to choose a s tabilizer tube (V4) that is capable of handling 
the range of current. 

Factors which Affect the Design of Stabilize r Circuits 

(a) The unstabilizcd voltage Vin will vary as the load 
current is va ried, due to the internal resistan~ of t he recti fier 
unit. Therefore the regulation of the circuit prior to the 



series valve must be known and allowed for. A linear regula-
tion of 17 per cent may be assumed. · 

(b) The input voltage Vin will also vary with the variation 
of mains voltage, which can fluctuate as much as ± 7 per 
cen1. In practice it is found that ± 7 per cent is exceptional 
and that +4 per cent and - 7 per cent are 111ore realistic. 
ll is assumed that the valve characteristics will not be 
affected by a change of +4 per cent or - 7 per cent of heater 
voltage. 

(c) To obtain the maximum stabili1.cd output for any given 
input, the potential drop across the series valve will be 
necessarily low. For low voltage drop, V g-k of the series 
valve is low but in order to avoid grid curren t flowing, a 
minimum value of - 1 V is advised. 

(d) To obtain the minimum stabi lized output voltage for 
any given input, the potential dro1> across the series valve 
will be high, thus the anode dissipat ion will be high. This 
must be kept within the valve raring, and may necessitate 
the use of several valves in para llel. 

(c) The total current taken from a series valve may be 
increased if the input and output voltage is reduced. 
Maximum anode dissipation and maximum cathode current 
rat ings must not be exceeded. 

200-SOOV Stabilize r 

The circuit of Fig. 17.18 is that of a stabilizer which will 
deliver JOO mA with good regulation over a wide range of 
input and output voltages. A variation of stabilized output 
voltage from 200-500 volts is possible ir an input of 400-600 
volts is available. Tf a greater output current is required, a 
smaller output voltage per switched step must be accepted 
or rur ther series valves placed in parallel with Vl. 

Should extreme stability be required a voltage reference 
Lube QS82/3 or equivalent should be used for V3 in place or 
the type shown. 

Ta ble 17.2 gives operating parameters for the three 
positions of switch SI for the circuit shown. The value of 
+ 21 per cent quoted for regulation allows for a 4 per cent 
rise in mains voltage and a 17 per cent rise of input due to the 
power supply unit regulation. 

TABLE 17.2 

Position or Switch S1 

1 2 3 

louL 100 0 100 0 100 0 mA 
v1. !moon) 600 700 500 600 400 500 v 
Vin +-t~O mains) 6H 728 520 624 416 520 v 
Vtu -· 7% mains:) 560 660 465 560 372 465 v 
Vari:ltion ol Vnut. J<JO-SOO 295- 400 195-310 v 
R1 110 71 34 kn 
RV1 0- 40 0-AO 0-40 kO 
Stnbi liz.ation between 

0- 100 mA 10 10 10 mV 
Rcgu latlon bet ween 

+21% ;rnd -7';~ or 
V10 1 1 1 v 

EF91 
6AM6 
Z77 

V3 
0595 - 10 

95A1 

VI 
XTSS 
50L6 

POWER SUPPLIES 

szv O·H RI lour 
'--,+i~,...------------i/h . '- ... ~ ' 

110 
K 

33K 

34 I I 
K I I 

I I 
I I 
I I 

! r-LJ 
... i , : : 

Vour ( / '• i LOAD : '-." :I- i : l T _J 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I ___ ____ ___ _._ __ _,, ____ .J 

Fig. 17.18. Stabilizer to follow suitable power supply as indieited in 
text. Sib •hould be connected to the junctio n of Vl grid and the 

311< ohm resistor via a 0-40 k ohm varial>l e resistance RV1 . 

GRID BIAS SUPPLIES 

Operating and protective grid bias for class C and modu
lator stages is conveniently obtained from a small power 
supply shunted with a heavy bleeder resistor to minimize 
the variation of output voltage when grid current flows. The 
sianding current tJrrough the bleeder resistor should be at 
least five times, and preferably ten times, the total grid current 
flowing. One or more variable tapping points on the bleeder 
resistor will enable the bias voltage to be adjusted to any 
desired value-Fig. 17.19(a). 

A gas filled stabilizer anti limiting resistor may be sub
stituted for the bleeder resistor to improve the regulation of 
the bias supply-see Fig. 17.19(b). The series resistor should 
be adjusted so that the stabilizer draws its rated minimum 
current when no grid current is present. The flow of grid 
current will increase the current through the stabilizer 
and the total grid current of all stages connected to the supply 
should be limited to a va lue not greater than the maximum 
permissible stabilizer current. \¥hen used in conjunction 
with class C amplifiers the output voltage of the supply is 
adjusted to provide bias beyond the point of cut-off, the 
difference between operating bias and cut-off bias being 
provided by the Oow o f' grid current through the appropriate 
value of grid leak. 
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(a) 

200-
2SOV 
50,..., 

(b) 

90V 

ISOmA 

VI 

VARIABLE 
l•SK >"'"-----0-Vo 
6W 

5000 
2W 

FIXED 
+----o-•c 

Tried<& connected 
6L6, 907, 12EI 5 -

60V 

+o-----.._ _____ .._ ________ --o + 

(c) 

Fig. 17.19. Typical bias supply circuits. (a) Supply providing a fixed 
bias volta10 or - 30 volts and a variable bias or -30 to -110 volu. 
Grid current s hould not exceed 10 .. 1SmAwith this c ircuit if the regu
lation is important. MRt, MR:, may bo t wo t ype RMI, OA210 or 
equivalent. (b) 75 volt grid bias supply with VR7S/30 stabi lizer to 
improve regulation. Gr-id current of up to JQ .. )SmA may be drawn. 
MR , may be type RM I, 0Al10 or equivalent. (c) Simple shunt 
st3bi liz ing circui t providing va_riablc r cauf:ited bias voltage. Grid 
current of up t o 10·1SmA may be drawn. The output voltage is held 

within S volts over the ranae )0 .. 60 vo lts. 

ft'ii.:. 17. 19(c) shows a simple shunt stabilizer circuit which 
may be used to hold the grid bias voltage constant within a 
few volls with quite large variations or grid current. The cir
cuit functions as a catbode follower and has a low output 
impedance o r the order of l 00 ohms. The output voltage is 
set by VR, and VRz is used to set the minimum grid bias on 
V1• A paras itic suppressor may be necessary at the grid of 
V, as the circuit may oscillate at v.h.r. wi th low values of 
grid bias on Y1• 

Two simple circuits for obtaining low values of bias 
voltage from the heater line are shown in Fig. 17.20(a) and 
(b). The 6AL5, EB91 or other miniature double diodes may 
be used if desired. The circuit of Fig. 20(a) is useful in 
receivers to supply bias for gain control in r.f., i.f. and a.f. 
stages and the voltage doubling circui t of Fig. I 7.20(b) for 
a.f. outpu t stages which do not draw grid current. 

CO N STRU CTION OF POWER SU PPLIES 

The layout and construction of power supplies is by no 
means crit ical but there are certain des ign features which if 
adhered to wi ll assist materially in producing a reliable and 
safe unit. 
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The conventional four-sided chassis with or without a 
front panel has the meri t or being readily made up or 
purchased, and in conjunction with through-chassis mount
ing components produces a layout where tbe greater part 
of the high voltage and mains wi ring may be underneath 
the chassis. A perforated metal cover overall will ensure 
that exposed high voltage terminals arc out of immediate 
reach. 

Input and output connections arc preferably made with 
shielded plugs and sockets, male chassis connectors being 
used fo r mains input and female chassis connectors for out
put. The rear side member or the chassis is convenient for 
mounting these components. Three pole mains input 
connectors should always be used when the power supply 
is built as a separate unit, the third pole of the connector 
being taken co chassis so that the metalwork is earthed via 
the three core mains cable. When the power unit chassis 
forms part of a rack or cabinet of equipment, each chassis 
should be bonded together independently of any other 
connect ions and earthed, either to the mains earth as above 
o r to a separa te properly constructed earth connection. A 
water pipe must not be used because it is now common 
practice to use underground plastic pipe. 

Double-pole mains switches should be used and wired in 
next to the mains input so that the unit may be isolated 
completely when changing fuses and making circuit adjust
ments. When the power unit chassis is to be enclosed in a 
cabinet or rack, adequate ventilation of heat producing 
components is essential. Va.Ive rectifiers should be mounted 
towards the rear edge of the chassis to allow free circulation 
o r air. Semiconductor rectifiers with fi ns must always be 
mounted with the fins vertical and preferably over a rec
tangular hole in the chassis. The:more recently introduced 

(o) 

(b) 

l 
6 -JV 

IOOK 

SOK SO)JF 
t2V 

Fig. 17.20. Low voltage bias supplies det"iving their input voltages 
from tho heater line in the equ ipn"l Cnt. Th o.so c ircuits are not 

suitable fo r use when appreciable Ct"id cur,.e nt is to be drawn. 



wire ended silicon rectifiers a re conveniently wired to tag 
strips and inte rconnections made between the tags to produce 
bridge, biphase o r o ther c ircuits as required . 

Paper capacito rs a rc preferable to electrolytic types where 
reliabi lity is o f primary importance but tend to be expens ive 
when high values and working voltages are called for. It is 
possible to use electrolytic capacitors by connecting two units 
o f s imilar capaci tance and working voltage in series to 
produce a capacito r of twice the working voltage and half the 
capacita nce of one unit l' rovided that voltage equalizing 
resisto rs o f 50- 1 OOK ohms a re connected across each 
capacito r. T he ou ter can of the capacitor which is a t high 
potential wi ll be al a potential of several hundred volts above 
chassis and should therefore be adequately insulated. 

When multiple unit electrolytic capacitors are used it 
should be noted that one unit is o ften specially p rocessed 
fo r use as a reservoir capacitor and care should be taken 
to ensure tha t the correc t unit is used in this posi tion. Plain 
fo il clectrolylics a re rccom1m:nded rather than etched foi l 
types as a lihough somewha t larger physically, they provide 
a greater factor o f safety in respect of wor king voltage and 
ripple current. It should no t be assumed tha t the ou1er 
case of metal cased elcctrolytics is isolated from the electrodes 
and when used in grid bias supplies or other circuits where 
the negat ive termina l is above chassis potent ial, the meta l 
case sho uld be insulated by means of p.v.c. or po lythene shee t 
wra pped around it, if this is not a lready provided by the 
manufacture r. 

A bleeder res ist.o r should a lways be used across the output 
of ii power supply as ii provides a means of d ischa rging the 
ca1>acitors when the equipment is switched off. The resistor 
used should be of adequate wattage rating, as an opcn
circuit bleeder is a hazard to safety. The bleeder may form 
the series resisto r for an h.t. voltmeter. A 5 mA meter 
movement may be resca led fo r this purpose and will 
provide a useful indica tion apart from its safety func tion. 

Fuses should no t be omilled from power supplies 
as it is false economy to lose a rec tifier o r trans
former as a resuli of omitting a fuse. The practical power 
supply circui ts show the points where fuses are most usefully 
employed. Where large transformers having low resistance 
primary windings a rc employed it may be fo und tJ1a t the 
primary fuse blows on switching on due to the high in itia l 
su rge current ; th is may be e liminated by the use of a current 
sensitive resistor (.Brimistor o r Varistor) in series with the 
primary winding. T he 13rim lstor or Varistor has a h igh 
ini tial resistance which falls rapidly as it warms up to a 
value of a few ohms and may be left permanently in circuit. 
Similarly a Drimistor may be connected in the h.t. winding 
cen tre-tap or be tween the rectifier and the reservoi r capaci tor 
to prevent the h.t. fuse blowing at switch-on. Anti-surge 
fuses arc useful in cases where current surges cause trouble 
with normal type fuses. 

Although tJ1e layout of components in a power supply 
unit is not c ritical electrolyt ic capacito rs and semiconductors 
should be mounted well away from heat producing 
elements. 

Adequate spacing of all components is necessary if 
rd iabili ty is to be mainw ined. 

POWER SUPPLIES 

Dua l Output Powe r U n it s 

In many applications it is advantageous to o bta in high 
and low voltage h.t. supplies from a single transformer. 

Fig. 17.21 shows two genera l a rrangements fo r this type 
of operat ion. T he circuit of Fig. 17.22 is based on tha t o f 
the stabilizer shown in Fig. 17.16(b). 

] -l· H V 

] MR t 

(b) 

LI 

112 HV 

Fig. 17.l 1. (a) Utilize. both fullwave and bi-pha.se halfw;ave rectinc r s. 
A d isadv-.a ntage of this ar~ngement is that unles.s indirectly heated 
rectifie rs arc av~ilable, three separate filament wind ina:s or trans· 
formers 3re required. This however is read ily overcome by use or 
s em iconducto r re ctifiers as show n in (b) . Semiconductor rectifiers 
must be protecte d ap ins t switchins surges. W here severa l d iodes 
are used for each rec.tjfier voltage sharing: is n ecessary across each 

d iode. 

PO W ER UNIT FOR USE WITH T RANSISTOR 
EQUIPMENT 

G enera l Specification : 
Output vo ltage : 

Output current : 

R ipple vo llage : 

O verload trip range: 

Overload trip switching 
time: 

0-20V continuous ly variable 
in two overlapping ranges. 
0-IA throughout the vo ltage 
range. 
Less than 2 m V peak-to-peak 
at full load. 
0 -1 ·3A continuously adjust
able. 

Less than 30,.scc for a short 
c ircu it overload. 
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MRI 

+ 

F l 

~· PILOT 
~LAMP ____ ___. 

F2 

?--rON/OFF SWITCH 

L N 
240V 

AC 

12SV IK 

Fig. 17.12. Utility power supply having ~n output of 340V h.t. at 200 
mA (unregulated) or two outputs simu lt~ncous ly of 68-l90V. 
st3bili%ed. Rectifiers MRI , MRl and MRJ shou ld be suitable for 

lSOV r.m.s. 

Output impedance: 

Output change with 5 
per cent mains voltage 
change: 
Mains current with unit 

(a) unloaded: 

(b) fully loaded: 
Operating tempera! tire 
range: 
Weight: 
Suitable chassis s ize: 
Suitable case size: 

Circuit P rinciples 

Less than O· I ohm under all 
conditions (0·02 ohm at 0·5A 
load). 

0·6 per cent. 

70 mA (JOY range). 
87 mA (20V range). 
150 mA. 

20° C to 45'' C ambicnl. 
71 lb. 
7 in. x 5~ in. x 2 in. 
8 in. x 6 in. x 6 in. 

Unsmoothcd d.c. is produced by a bridge rectifier and is 
s tabilized by a series emitter follower driven by a grounded 
emi tter amplifier in a feedback circuit. Control of the out
put voltage is achieved by supplying the base of the amplify
ing stage fi·om an adjustable point on a potential divider 
between the output terminal and a d.c. rcl'crence rail. The 
use of an auxilliary reference rail permits adjustments to be 
continued down to zero volts output, without loss of loop 
gain in the amplifying circuit. This refercm.:e rail is pro
duced by use of an overwind on the m:tins transformer in 
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conjunction with a half wave rectifier and series stabilizat ion 
by an emitter follower. No feedback is used in this aux il iary 
supply, the emitter follower being driven by a Zener voltage 
reference diode. 

By the use of an external reference facility, leads and 
plugs between the supply and a remote piece of apparatus 
may be included inside the feedback loop, with a 
considerable reduction in supply impedance. 

Front panel view of the t ran1istor power •upply. 



An overload trip facility is provided, the current sensing 
element being a one ohm resistor in series with one of the 
supply rails. The trip circuit comprises a Schmitt trigger 
circuit and amplifier which effectively short circuits the main 
feedback <tmpliGcr in the event of an overload, thereby 
reducing the output of the unit to zero. 

Cir cu it Details 

A suggested layout is given in Fig. 17.23 and the complete 
circuit diagram in Fig. 17.25. 

The mains transformer is of a readily available type, the 
taps on the secondary being such that two voltage ranges can 
be accommodated to minimize power dissipation in the 
emitter follower. 

A d.c. voltage is built up across the main reservoir 
capacitor C3 by the bridge rectifier DI to 04. BYZIO 
diodes were used here in the prototype but there is no 
reason why BYZJ 3 diodes or a similar type should not be 
used. 

The d.c. reference line makes usc of the 30V ovcrwind 
on the transformer, half wave rectification being used to 
charge tJ1e reservoir capacitor Cl. The series emitter 
follower s tabilizer is TRI, the base of this boing held some 
S·SV above the posit.ive output rail by the Zener diode 
06. The smoothing capacitor C2 reduces the ripple on the 
auxiliary line to an acceptable level (about JO mV). 

The main emitter follower stabilizer TR7 is driven by a 
second emiller follower TR6, RlS being inserted to prevent 
the output of the unit rising with no load applied, due to 
collector base leakage in TR7. The potential on the base of 
TR6 is controlled by the grounded emitter amplifier TR5, 
d.c. for this amplifier being derived from the reservoir 
capacitor through R13 and R14. Splitting the cl.c. supply 
path permits a smoothiog capacitor C5 to be inserted, tbis 
capacitor reducing the ripple in the supply to the small 
signal amplifyiJlg stage. A second important function of C5 
is in the standby mode. When S3b is closed, CS is shorted 
through a 10 ohms resistor and the base voltage of TR6 is 
reduced to near zero. Because of the forward base emitter 
voltages of TR6 and TR7, the output of the unit is exactly 
zero. Recovery from this condition after opening S3 is 
regulated by the time constant R13 CS. The slow potential 
build up caused in tltis way prevents premature firing of the 
overload trip circuit due to current surges in the output of 
the unit. 

The emitter of the grounded emitter amplifier is returned 
to tJ1e voltage reference diode used in the auxiliary rai l 
stabilization circuit. The base of the amplifier is connected 
to a point on a potential divider between the negative output 
reference and the auxiliary reference rail. Adjustment of 
R V2 changes the position of the tapping point on the 
divider and, since the base emitter potential of TRS remains 
substantially constant, this results in a cbaoge in output 
voltage. ln order to cbange voltage ranges, a fixed resistor, 
a little Jess than the maximum value of RV2, is switched into 
the divider. C6 improves the loop gain of the amplifier at 
high frequencies, the value of this loop gain at I kc/s being 
approximately 34dB. 

The ammeter is placed inside the feedback loop so that 
the eITect of its impedance is reduced by the amplifier, tile 
error in reading due to the drain in the divider being 
negligible if a IA instrument is used. 

A small electrolytic capacitor C7 is placed across the 
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output terminals of the unit, this capacitance having most 
effect at frequencies above those at which the feedback 
amplifier operates; Le. above 10 kc/s. 

The shunt resistor R2 across the main reservoir capaci 
tor is designed to pass a greater current than is flowing 
in the auxiliary reference circuit. The effect of increas ing load 
does modify the reference slightly and this may give rise to 
a negative d.c. output impedance. This negative impedance 
is not of sufficient magnitude to support oscillation on a.ny 
practical load. 

The Schmitt trigger circuit used in the current overload 
trip is TR2 and TR3. The emitter supply for this pair is 
derived from a Zener reference diode D7 in order ll1at the 
performance should remain unaffected by a change in output 
range. In the normal state, TR3 is bottomed and TR2 cut 
off. As the load current increases, the base of TR3 is taken 
more negative until this transistor begins to cut off. As the 
collector voltage rises towards the reference rail, TR2 is 
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Fig. 17.lJ. A s uitable p:.nol ""d chassis layout for the power unit. 
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pulled on by the coupling effect of C4 and R8. Regeneration 
completes the switching cycle and T R2 becomes fully 
boUomecl , the base of TR4 being pulled nega tive. TR4 
starts to conduct, the collector current being sufficient to 
pull the base o f TR6 Lo zero wi th T R5 cut off. 

When the output has fallen to zero, the overload current 
will be zero, but the hysteresis voltage in the trigger circuit 
is sufficient to hold the unit off. The trigger can only be 
reset by closing S3a which turns TR2 off after a short 
time determined by C4 and the magnitude of tJ1e hysteresis 
voliage. This short interval is sufficient to allow C5 to dis
charge through R2J and S3b, thereby avoiding a pulse of 
output when selecting the standby mode. The current level 
at which the trip tires can be adjusted by R V 1 in the base 
circuit of TR3. 

If, for sake of simplicity, it was required to construct this 
unit without the current trip facility, all components associ
ated wi th TR2, TR3 and TR4 could be omitted without 
affecting the performance of the unit in any other respect. 
lt would, however, be advisable to put a fuse in the output 
circuit ; a 2A fuse in series witJ1 tlte ammeter would afford 
sufficient pro tection to T R7 in most cases. 

Construction 

Suitable case and chassis sizes for this unit arc shown in 
Fig. 17.23, these components being available as standard 
items. 

A 
B 
c 
0 
E 
f 
G 
H 
I 
J 
K 
L 
N 
0 
p 

fig. 17.2~. A component layout suitable w here printed circuit or 
pin .. board construction is to be used. 
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The BYZ!O d iodes need no conduction cooling and may 
be mounted on a paxolin strip or some other insula ting 
material. The OC28 emitter follower needs an excellent 
heat sink if the unit is not to fail under low voltage, high 
current, conditions. 1f a chassis similar to that specified is 
used, the transistor may be bolted to this, a mica or anodized 
aluminium spacer being used to insulate the transistor from 
the chassis. lf some other chassis for m is to be used, it 
should be ensured that an insulated heat sink with a thermal 
resistance of less than 3 °C/\V is provided for the OC28. 

The low power sections of this unit lend tbemselvcs to 
prin ted circuit or pin board construction. A ll the low power 
stages can be accommodated on a board 5 in. x 3~ in. 
which will fit underneath the main chassis. A suitable 
component layout for this part of the unit is shown in Fig. 
17.24, although it is in no way critical so far as performance 
is concerned. Connections between the circuit board and 
other components a re identified by letters A to P on the 
circuit diagram (Fig. 17.25). 

Testing 

When the unit has been checked thorougl1ly for any 
mechanical faults, it may be tested as follows. Turn RVI 
to its maximum position (slider nearest auxiliary rail); R V2 
to minirrum (shorted); S4 to Rl!FER.ENCE INTERNAL; S3 w 
NORMAL and S2 to 0-JOV d.c. Switch on the mains supply 
and check that, on increasing the setting of R V2, an output 
voltage reading is obtained. If no such output is forth
coming, measur ing the voltages across C3 and C l should 
give an indication of whet.her th e fault is in the supply 
circuit or stabilizing circuit. To eliminate the influence of a 
faulty current trip circuit, it may also be found useful to 
disconnect the collector connection of TR4. 

After a voltage has been obtained on the outpu t terminals, 
increase R V2 to maximum and check that the output is a t, 
or above, lOV. Now change to the lOV to 20V range and 
check that R V2 has its expected range. 

Return S2 to the JOY range and set the output voltage to 
6V d.c. Now reduce the trip level potentiometer slowly to 
zero. If the output falls to zero, the potentiometer should 
be very near the low end of its range when the trip fires. 
lncrease RV 1 to maximum again and, if in the last test the 
overload trip was fired, reset the trip by switching S3 
momentarily to STANDBY. The output level should be 
observed to climb slowly back to 6V as CS charges through 
R l3. 

Connect a load of about 10 ohms to the output o f the 
unit and adjust the output vo ltage until the .load current is 
0·6A. Now reduce the setting of RV I unti l the overload 
trip fires. RVl should be near mid range at this time. Reset 
the trip and RVI and increase the output to IA to ensure 
that the maximum setting of the trip level is sufficient. Any 
slight discrepancies in the range of R VI can be removed by 
adjusting R lO and R I I until the correct range is obtained. 
Only after the current trip range has been ful ly checked 
should any shori circuit test be attempted as, if the current 
trip is faulty, an overload will destroy TR 7. 

Should any difficulty be experienced in obta ining the 
expected performance from tbe unit, the voltages shown in 
Table 17.4 may be used as a guide in fault finding. All volt
ages were measured with respect to the positive output 
terminal with an Avometcr Model 8 on its 25V d.c. range. 
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TABLE 17.3 

Ports list lor the stabilixtd power sup111) 

C J, 450µF 25V d.c. 

Cl, IOOOµF 12V d.c. 

CJ, 4SOOµF 40V d.c. 

C4, 50µF 12V d.c. 

cs. 4SOµF 3SV d .c. 
C6, 25µF 2SV d.c. 

CT, 100.,.tF 2SV d.c. 

Fl, F2, lA anti-surge fuse 

Ml, 0-IA d.c. 
M2, 0-20V d.c. 

R I , 390 ohms !W. 
R2, IK ohms IW. 

R3, IK ohms IW. 

R4, 3·3K ohms iW. 

RS, 2·2K ohms tW. 

R6, 4·7K ohms i W. 
R7, 2·7K ohms !W. 

R S, IK ohms tW. 
R!J, l ·SK ohms tW. 
RIO, 330 ohms !W. 
Rll, 4·3K ohms ~w. 

R.12, IOOK ohms ~w. 

RIJ, IK ohms IW. 

R l4, IK ohms ~w. 

R IS, 8·2K ohms tW. 
Rl 6, 100 ohms tW. 
Rl7, I ·SK ohms t W. 
Rl8, tK ohms l;W. 

R19, 100 ohms tW. 
R20, I ohms 3W. 

R21, 10 ohms iW. 

RVI, IK ohms W.W. 

R\11, 2K ohms W.W. 

SI, 2 pole on/off mains swiu:h. 

S2, 2 pole 2 way rotary switch. 
(May be combined with SI ) 

SJ, S4, 2 pole 2 way slide switch. 

Tl 30V 2A Mains transformer. 
type MT3AT. 

Dou cl as 

All resistors are ;!: 10% types. 

The capacitance and volta:;e working levels of 
electrolytic e.1pacitors may be safely increased if s1111pl y 
is difficult. 

01- 04, BYZIO 

0 5, OA 10 

06, OAZ 202 

0 7, OAZ207 

TR I, TR2, TR3, oc 139 

TR4, T R5, TR6, OC84 

TR7, OC28 

Fig. 17.15. The circuit of the lOV IA stabillxed power s upply. Sl . 
the voltaae range selector, i1 shown in tho 0-IOV position. If do· 
sired, the switch can be combined with the power switch SI, 
SJ is in the NORMAL position, and 54, the ex ternal rcfcrenco 

switch, is in the INTERNAL position. 
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Undcrc h;\ssis view of the power supply, showing tho pnsitions o( 
tho printed circuit board ;and Cl. 

O peration 

Operation of the unit is generally st raightforward but a 
few notes may help to explain the facilities provided to their 
best advantage. 

Current trip. This should generally be set at about twice 
the anticipated peak load current, though if only short 
circuit faults arc expected, it may be left at its maximum 
sett ing. 

Voltage Range. At the overlap point between ranges, it is 
generally better to use the low range than the high, since a 
great deal of power is wasted in the OC28 if the high range 
is used near its minimum voltage setting. 

Standby Switch. The standby switch is operated momen
tarily to reset the current trip and may also be used while 
making adjustments to an experimental circuit under test. 
When returning to normal, the output will build up slowly 
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TABLE 17.4 
c b c 

T RI . . +5·4 +5-6 +9·4 
TIU +0·7 + 0·5 + 5·3 
TRJ . . +0·7 + 0·8 + 0·7 
TR4 + 5·4 + 5-3 - 10·5 
TRS 0 +O· I - 10·6 
TR6 - 10·3 -10·6 - 12·9 
TR7 . . . . - 10·3 - 10·3 - 12·9 
Specimen d.c. voltages pre.seat in tl1c po"cr supply 

while it is supplyin11 !OV at O·SA. All voltogcs were 
mc.uured with "" Avomctcr M odel S on the 2SV d .c. 
range and are witb respect to the positive r:lil. 

to prevent the O\'erload trip firing due to a current surge into 
a capacitative load. This slow build up may also give 
enough time lo spot any fault in a circuit under test before 
any damage is done. 

External Reference Switch. The external reference facility 
may be used in situations where a low source impedance 
from the power supply is vital to prevent oscillation or some 
other unfortunate condition. This is often the case where the 
unit being powered is separated from the supply by a long 
supply lead and, perhaps, also some plugs and sockets which 
all add to the supply impedance. 

Jn this case, a pair of leads should be brought back to the 
power supply from Ute supply rails in the unit under test; 
these leads being inserted in the appropriate reference 
sockets on the power supply. If S4 is now opened, the feed
back loop will cx1end to include the supply leads and hence 
their effect ivc impedance will be reduced by a factor of up 
10 50 at frequencies over which the feedback amplifier 
operates. 

S imple Powe r Uni ts for Transistor Equipments 

Figs. 17.26 and 17.27 give the circuits of two easily. 
constructed power supplies, operating from a.c. mains, 
which provide low-voltage, regulated outputs sui table for 
use with transistor~ equipments. 

IOK 
SW 

+ 

100 
)JF 

ISV 

Fig. 17.16. A current-r~gulated tn.nsistor power supply unit which 
give.s ;an output of up to 15 volts at load currentJ up to 100 mA. 

MR silicon rectifier suitable.for lSV~r.m.s. workinc. 

5-7V 
ZENER DIODE 

Fig. 17.17. A shunt-regulated transistor supply givine an output of 
6 volts o.t load currents up to 200 mA. MRl-MR4, silicon bridge 

rectifier suitable for 1l·6V r.m.s. workine. 
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INTERFERENCE 

I N addition to the carrier frequency and the sidebands 
necessary to convey intelligence in the fo rm of the 

Morse code, speech or RTIY signals, a transmitter may 
radiate unnecessary frequencies due to key-clicks, distor
tion of the modulation, harmonics of the carrier frequency 
or parasitic oscillations. Any of these radiated frequencies, 
necessary or otherwise, mny cause interference in various 
ways: 

(a) to reception of other amateur transmissions, 
(b) to broadcast television reception (TYi), 
(c) to sound broadcast reception (BC!), 
(d) to protected services, 
(e) to other services. 

Interference to other services is relatively unimportant 
only because it is rarely encountered, but when such ser
vices operate in a shared band the amateur operator, to 
comply with the terms of his licence, may have to close 
down o r change frequency or temporarily cease transmitting 
at the request of the other station. 

Official reports show that radio amateurs are responsible 
for only a very small fraction of the total interference to 
television and broadcast reception. ln some cases in which 
amateurs are involved the interference is due to bad design, 
maladjustment or careless operation of the tTansmilter. Io 
other instances interference can be traced to poor installation 
or inadequate design of the domestic receiver. Occasiooally 
it may be found 1hat a " perfect " transmitter ioterferes 
with a " perfect " receiver and in such instances the trouble 
may be attributed to external cross-modulation effects or 
the radiation of harmonics produced by contact rectifica
tion in metal objects in 1hc immediate vicinity. Laslly, a 
swamp signal on the fundamental frequency due lo close 
proximity may blanket the domest ic installation. 

TRANSMITTER CONSI DERATIONS 

Jn general it must be expected that telephony transmissions 
are more li kely to cause interference than telegraphy 
transmissions and that telephony interference whenever it 
docs occur is likely to be the more troublesome. This does 
not mean that the problems of preventing a c.w. transmitter 
from causing unnecessary interference are trivial but that 
the telephony operator should understand that he is trying 
to meet a more stringent set of requirements. In this chapter, 
the special problems relating to telephony and telegraphy 
will be dealt with first, followed by consideration of the 
problems common to both, such as the prevention of parasitic 
oscillation and the el imination of harmonics. 

Te lephony 
In view of the congested state of the radio frequency spec

trum the International i\matcur Radio Union (Region 1) 

bas recommended 1ha1, irrespcclive of the modulation 
system in use, the maximum modulation frequency should 
be 4 kc/s, while 1he [nternational Telecommunications 
Union supports 3 kc/s. This upper frequency limit is a 
reasonable compromise between bandwidth and speech 
quality. Since most audio frequency amplifiers have a 
frequency range exceeding the TARU recommendation 
positive steps should be taken to restrict the bandwidth by 
incorporating some form of low pass lilter. Resistance-capa
city networks arc worthwhile but mucb more effective fi ltering 
can be obtained by using the inductance-capacity type ol' 
filter. 

Low pass filters can be installed in the low-level stages 
of the modulator although if this arrangement is adopted 
any harmonic distortion occurring in the modulator output 
stage will be unaffected by the filter aod thus the transmitted 
bandwidth will be greater than desirable. It is therefore 
strongly recoffilnended that the low pass filter be fitted 
between the modulator and the modulated radio frequency 
amplifier. 

Even when the frequency response of the modulator has 
been restricted, the transmitted bandwidth may be much 
greater than necessary because of bad design or incorrect 
adjustment of the r.f. section of the transmitter. The major 
troubles are due to a shifting carrier frequency, nonlinearity 
(distortion) and over-modulation. 

A carrier frequency which changes when the transmitter 
is amplitude modulated can cause a most annoying form of 
interference to stations working on adjacent channels. Fre
quency shift is mosi commonly due to bad power supply 
regulation, but may also be caused by the feedback of r.f. 
energy from the modulated stage into the osciJlator. This can 
occur as a result of poor screening, lack of neutralization, or 
bad layout, and the effect is most marked on the lower fre
quency bands where the osci llator and the power amplifier 
are often operated on the same frequency (i.e. when there are 
no frequency multiplying stages). lr1 severe cases the carrier 
may shift several kilocycles from the no-signal frequency 
and the receiver then has to be tuned to the selling where 
the carrier happens to be during actual speech transmission 
thus giving the appearance of asymmetrical tuning. In milder 
cases the tuning may appear to be normal but any hetero
dyne interference which may be present cannot be properly 
rejected al the receiver because the heterodyne note is not 
constant in frequency. 

Appreciable non-linearity is inherent in all cfficiency
modulation systems especially when a modulation depth 
approaching 100 per cent is attempted. Anode modulation, 
which is relatively distortioll-frcc and does not require 
critical adjustment, is therefore recommended whenever inter
ference is likely to be a problem. 

\¥here the anode modulation system is used for modula
ting a tetrode or a pentode, it is essential to modulate the 
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screen :lS well as the anode, applying only the proportion 
needed. Failure to do this will result in severe distortion, 
probably indicated by so-called downward modulation and 
the consequent radiation of "splauer ... Due to 1he poor 
regulation of the screen supply it is possible to ob1ain ade
quate screen modulation if the screen res istor is fed from the 
unmodulated supply to the anode. Another common source 
of trouble is the use of too large a screen bypass capacitance 
in which case the higher modulation frequencies are preven
ted from modulating the screen grid. T his results in down
ward modulation of high notes although when a constant 
tone o r low pitch is directed into the microphone lhe modula
tion may appear to be quite normal. A somewhat similar 
effect can be caused when the cathode bias resistor of the 
modulated r.f. stage is inadequately bypassed for audio 
frequencies. In this case, however, it is the low frequencies 
which may be dislorted. 

Over-modulation is probably the most common fault in 
telephony operation and the resulting interference can be 
very severe, of1cn being audible on frequencies more than 
100 kc/s away 011 e ither side of the carrier frequency. The 
depth of modulation is checked preferably by using a 
cathode rr1y 1ubc monitor but, fai ling this, the p.a. anode 
current will serve ns a useful guide: during a transmission 
that is free from splatter it should not vary by more than 
about 5 per cent. Most cases or over-modulation are due 
to carelessness, and some form of automatic limiting device 
such as volume compression or speech clipping is desirable. 
When speech clipping is used it is essentia l 10 insta ll a good 
low-pass filler aflcr 1he clipping ci rcuit, preferably between 
the modulaior and 1hc modulated stage. Examples of suitable 
circuits and fillers arc gi\en in Chapter 9 (Mod11latio11 
Systems). 

Narrow-band frequency modulation is an ahernative 
system which is some1imes used with great success where all 
attempts to climina1e TVI and BCI appear to fail. The 
principles and application are also tfescribed in Chapter 9. 

T elegraphy 
A I though ii may appear that interference problems 

arising from the use of amplitude modulation could be 
al together avoided by reverting to c:.v. telegraphy, it should 
not be forgo ltcn 1hal keying is in itself a fo rm of modula
tion and many of the difficu lties encountered in the use 
of telephony may still h::ive to be faced. In 1hc conventional 
method of keying a transmiller the carrier is modulated 
100 per ccn1 , a nd the rate a t which the carrier level rises 
and falls during the keying determines tl1c character of 
the keying sidebands and therefore the amount of inter
ference likely to be caused to other stations. If the keying 
arrangcmcn1 is such as to give a " soft " characteristic 
the carrier level docs aot change very rapidly and the 
sidebands may be negligible. On the other hand a " hard " 
keying characteris tic means that the changes in carrier 
level arc quite abrupt and the resultant sidebands may 
spread to frequencies far removed from the carrier fre
quency. f<'ig. 18.1 gives an impression of how the inter
ference due to key-clicks depends on the keying 
charac1cris1 ics. 

Another aspect of in1erfercnce from a telegraphy 1rans
mitter is the varia1ion of carrier frequency generally known 
as chirp, which although being confined within perhaps 
200-300 cycles of the nominal carrier frequency, may have 
disastrous effects on a transmission occupying an adjacent 
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Fig. 18.1 . The si debands produced by k ey-clicks from a badly adjusted 
transmitter may extend o ver a w id e frequency range on either 
s ide of the a.rrier. W ith n "soft" k eying characteristic the inter. 

fc,.ence from these sid eband s shou ld be negligibl e. 

channel. Chirp is analogous to Lhc frequency shift which 
may occur in a te lephony trnns111ittcr and often arises from 
t he same causes. It is unlikely to occur in a well designed 
transmitter provided Lha l there is a suitable buffer s t:igc 
between the keyed stugc and th.: v. f.o. 

These questions arc no t examined in detail here as they 
are better considered in relation lo the general subject of 
keying which is discussed in Chapter 8 (Keying al/rl Break-in). 

Parasit ic Osei llations 
Parasitic oscilla1ions in rad io 1 ransrnitters can be rcspon

sibl.: for distortion, low efficiency, and instability and can 
cause interference to other services. Such oscillations can be 
divided into three groups depending on whether !heir 
frequency is 

(a) Much lower than that of the carrier. 
(b) Approximately equal to the carrier frequency or 
(c) Much higher than the carrier frequency. 
Low frequency oscillations arc usually recognised by the 

fact that the transmitter rndiatcs a number of frequencies 
on each side of the carrier at a $pacing of some lens or 
hundreds or ki locycles. This is because 1he carrier is modu
lated by the parasit ic oscillation and the spurious frequencies 
are the sidebands spaced at intervals equal to the osci llation 
frequency. The most common cause o r 1. r. oscil la1ions is 
the use of r.f. chokes in the nnode and grid circui ts o f an 
r.f. ampli fier such tha1, in conjunction with the capaci1ks 
present, a tunecl-anodc/1uned-grid type of oscillato r circui t 
is formed . The normal neutralizing circuits are qui te in
effect ive a1 1he J)arasi1ic frequency but the trouble may be 
cured either by tuning the grid choke to a higher frequency 
than that of the anode choke (in which case the t.a. l.g. 
circuit cannot oscillutc) or. prefe rab ly, by avoiding the use 
of a grid choke altogether. Jn most tetrode power ampl i
fiers a grid choke is quite unnecessary if relatively high 
values of grid resistor arc used. The extra r.f. loss which 
may, in some circuits, resul t from the omission of the grid 
choke is not usually serious. If, in a telephony transmitter, 
the trouble cannot be aitributed to r.f. chokes the fault is 
most likely due to oscilla1ion at a supersonic frequency in 
the modulator. 

A parasitic oscillation on or near the carrier frequency 
is caused by r.f. feedback in one of the r.f. amplifier stages 
(usually the power amplifier) and is due to lack of neutraliza
iion. poor screening or bad layout. The oscillation may no1 



be present while the carrier remains unmotlulnled nod may 
only occur when the drive is removed from 1he amplifier 
(e.g. when 1he driver stage is keyed). In these circumstances, 
when the key is up, an unstable carrier may be radiated 
in another J)art of or even outside the band in use. Unless 
the transmitter bas been carefully checked for oscillations 
during its initial tests this slate of affairs may persist for 
some time as it is difficult for a receiving operator to identify 
and associate an unsta ble spacer with any particular station. 
Sometimes these oscillations (together with l.f. and more 
especially b.f. oscillations) occur on.ly in certain parts of the 
modulation envelope tbus giving rise lo disconnected " mon
key chatter " on telephony and to violent key-clicks on 
telegraphy. Once it is determined that oscillations are present 
the cause is usually obvious . Overrunning and excessive h.t. 
arc other causes of these difficulties, particularly when tct
rodes and pentodcs arc used. 

V. H.F. parasitic osci llations are almost always due to an 
unfortunate choice of la)•Out and they may occur in r.f. 
amplifiers or io modula tor stages. The oscillations, which 
arc usual ly generated by a form of t.a.t.g. circuit, can be 
cured by fitting grid-stopper resistors. These may be 
shunted by v.h.f. chokes to prevent power loss a nd over
heating at the carrier frequency in the case of r.f. stages a nd 
to avoid distortion in the case of a. f. stages which arc driven 
into grid current. If it is impracticable lo use grid stoppers 
in v.h.f. transmitters because of the consequent power loss, 
the layout must be changed with a view to making the 
parasite-generating circuits such that the anode circuit 
resonates at a lower frequency than the grid circuit. Somc
iimes a v.h.f. parasitic can be eliminated by connecting a 
capacitance of aboul 30 pF from grid to earth or from anode 
io earth in the suspected amplifier, although of course 
capacitances o f th is o rder are not permissible in r.f. stages 
operating on frequencies higher than about 28 Mc/s. 

Testing a New Transmitter 

An essential procedure in the testing of a new transmitter 
is the running of the power a mplifier wilhout drive and with 
the maximum possible safe anode current. Under these 
condi tions the anode and grid tuning should be varied on 
all bands to ensure that no parasitic osci llations are being 
generated . The presence of parasitics may be indicated by 
sudden changes in the anode current when the tuning con
trols arc varied, by the existence of grid current or by the 
lighting of a neon lamp held close to the anode circuit. A 
transmitter should never be connected to an :ierial until 
it has satisfactorily passed this test. While testing, a suitable 
load or dummy aeria l may be coupled to the output tank 
ci rcuit. 

H arm o nic5 

Perhaps the most common form of interference caused 
by amateurs is that due to the radiation from the transmitter 
of harmonics which happen to fall in the wavebands allo
cated to the television service. Harmonic radiation also 
causes interference to amateurs worki ng on higher frequency 
bands and to other services using frequencies which are not 
in the amateur bands but which are harmonically related to a 
lower frequency amaccur band. The responsibili ty for curing 
this lype of interference rests entirely with the amateur 
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concerned, and hence the SUJ)pressioo of harmonics is a 
vita lly important factor in the design of a transmitter. 

In lhe majority of amateur transmitters the output stage 
rw1s in class C, and thus can be expected to produce strong 
harmonics which are isolated from the aerial by the coupl
ing circuits. lt is, therefore, desirable to drive the grid(s) 
of the output stage no harder than is necessary to main
tain the linearity of a telephony stage. Excess drive not 
only rcsulls in greater harmonic output, but reduces the 
fundamental output and can damage the valve. Some 
method of control ling the drive power is most desira ble and 
a convenient way of achieving this is lo vary the screen 
voltage in the driver stage. For c.w. or f.m. telephony the 
reduction in efficiency when operating the final stage in 
class AB or B is small, a llhough the harmonic output is 
much reduced. 

It should not be assumed that only the final stage pro
duces harmonics. A driver stage driven bard 10 produce 
requi red harmonics and with an unsuitable tank L /C ra tio 
may produce more trouble than a well designed and lightly 
driven p.a . wl1ich follows it. 

Obviously, if no harmonics of the basic oscillator fall in 
the unwanted region, trouble due to harmonic radiation 
cannot occur. For example, a v.f.o. or crystal oscillator at 
14 Mc/s is unlikely to cause TYi in the Holme Moss area. The 
mixer v.f.o. principle using a low frequency v.f.o. and high 
freq uency crystals, for example, can be used to produce the 
output frequency at a low level relatively free from spurious 
products, followed by linear amp lification. The principle of 
rurming the basic oscillator at as high a frequency as possible 
is also valua ble in v.h.f. transmitters. 

Tank Circuit Design 

In any r.f. amplifier the anode current waveform contains 
harmonics, due to the partial suppress ion of one hall" 
cycle. This effect is most marked in a class C stage but 
is negligible in class A. In order that only the compo
ncm of anode current at the desired freq uency shall 
generate appreciable voltage the an ode circuit must be 
tuned, a nd the Q of the tank circuit determines the sup
pression of unwanted frequencies. A loaded Q of about 12 
is a reasonable compromise between spurious suppression and 
circu it losses for a p.a. stage, but in the case of a frequency 
mult ip lier it may be advantageous to operate at a higher Q 
since efficiency is not or such prime importance. For detailed 
des ign procedure see Chapter 6 (H.F. Transmiuers). 

Even in class A buffer amplifiers, a slug tuned coil with 
sufficient para llel capaci tance to reduce the response outside 
the desired band is to be preferred to the ubiqui tous 2·5 mH 
choke with its multiple resonances. Better still, a wide band 
coupler may be used. 

It is mos t important that the tank capacitance is wired 
lo provide an effective bypass from :inode to cathode at the 
harmonic frequency, i.e. with short stout leads to minimize 
stray inductance throughout lhc whole of the r.f. path. fnduc
lance between cathode and earth, being common to the anode 
and grid circuits, ca11 also cause unwanted feedback a11d thus 
is doubly undesirable. 

Some tank circu it arrangements may p rove ra ther iu· 
effect ive in reducing the harmonic ampl itude in the output 
unless suitable precautions arc taken. A typical example 
is that of a push-pull output circuit in which the split-stator 
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Fie. 18.2. A push-pull anode 
tank circuit of this form 
may be responsible for 
t.rouble1ome even .. ha.rmonic; 

rttdiation .. 

tuning capacitor has its rotor connected to earth and the 
coil centre-lap connected to the h.t. line through an r.f. 
choke: see Fig. 18.2. This arrangement is normally used to 
provide a better circuit balance and a low impedance path 
to ea.rth for harmonic frequencies. The even-harmonic 
frequencies present at the valve anodes are in phase with 
each other and may be transferred by unintentional capaci
tive coupling to the output feeder. Unwanted capacitive 
couplings can be minimized by making an c~trth connection 
to the coupling coil. Transmit!ers designed to produce a 
minimum amount of harmonic radiation should have an un
balanced coupling coil feed ing into a coaxial output feeder 
since this arrangement simplifies tl1e screening problem. The 
coil itself should always be coupled lo the" earthy " part of 
the main tank coil. 

lo addition, the use of a Faraday screen between the tank 
coil and the output coupling coil is preferable, since this 
will serve to eliminate the capacitive coupling without 
affecting the inductive coupling. This is desirable because 
the higher-order harmonics which are to be suppressed will 
be more readily passed by any stray capacitive coupling, 
and this point should be borne in mind when determining 
the layout. The Faraday screen, shown in its most simple 

..l (A) (s) 
Fie. 18.3. Faraday .scr-ecns. Tho wil'cs must be insula.t1ed from each 
o ther to pre.vent tho formation of dosed loops which would act 
u inductive shields. Tho nae screen (A) can bo used between coils 
wh ich are arra n11cd cnd-to·cnd. The cylindrical screen (B) is intend· 
ed for use with concen tric coils: it ca.n be made by windi ng a single
fayer coil or suitable di:tmctor, conncc-ci ng all the turns together 

along one side and cutting a g·ap a long the other side. 

form in Fig. 18.3 (A), consists of a number of closely spaced 
insulated parallel wires joioed together at one end and con
nected to earth (or any other convenient fixed potential). 
For use between concentric coils it can be given a cylindrical 
shape, as shown in Fig. 18.3 (B). Where the output coupling 
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coil consists of merely one or two turns the principle of the 
shielded loop illustrated in Fig. 18.4 is often used. 

Pi-networks. If the p.a. stage is of the single-ended 
switched-band type the most satisfactory output circuit is 
that using a pi-network: sec Fig. 18.5. When used correctly 
this circuit gives good d iscrimination against harmonics 
owing to the frequency-dependent action of the potential 
divider formed by LI and C2. The improvement compared 
with a simple tuned circuit is a factor of 4 for the second 
harmonic, 9 for the third harmonic and 111 for the 11th 
harmonic. To obtain the best results from the circuit it 
should be properly designed lo transform the transmitter 
load impedance (usually less than 100 ohms) to a value 
suitable for correct operation of the p.a. valve. While the 
pi-network taok circuit is better than a simple tuned circuit 
in attenuating frequencies higher than that to which it is tuned 
it is less effective ia attenuating lower frequencies. A power 
amplifier using a pi-network circuit should therefore be driven 
by a buffer amplifier rather than by a frequency multiplier, 

Fig. 18.4. Shielded link coil made from coaxial cable. The outer 
braid int is left in position but d oc..s·nat form a closed loop. The inner 
conductor is soldered to the outer br-aidinc at the point shown. 
The constru~tion is not su ita ble for coils of more than a few tu rns. 

since in the latter case strong low-frequency signals may be 
radiated. For this reason the pi-network should be connected 
to the aerial via a suitable aerial tuning unit. If there is a stand
ing wave on the output coaxial cable it may be found that the 
insertion of a low pass filter, which is equivalent to an extra 
length of cable, transforms the load impedance to a value 
outside tbe range of the pi tank, and the transmitter will not 
load correctly. Even a moderate standing wave ratio can lead 
to trouble, but this can be completely cured by the insertion 
of an aerial tuning unit. 

Harmonic Trnps and F ilters. Jn spite of the use of a 
correctly designed tank circuit and coupling system, it is 
sometimes found that the harmonic radiation is still sumcient 
to interfere with local television receivers. In this event, a 
series-tuned trap adjusted to resonate al the offending har
monic frequency should be co11nected across the transmitter 
output socket as shown at L2C4 in Fig. 18.5. This lrnp circuit 
should be tuned for minimum output at the harmonic fre
quency, using an insulated trimming tool inserted through 
a hole in the transmitter screening. When the harmonic 
to be rejected lies in the television band the component 
values will be such as to leave the fundamental operation 
of the transmitter unaffected while the trimmer is being 
adjusted. 
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Fig. 18.S. Pi-network o u t put circu it. 
C1 . 250 pF tuning c:\p:\citor; C2, 0·001 S p.F lo:\ding capacitor : Cl, 0·001 
/.tF b loclcing capacitor; C4, SO pF trimmer; L1, tapped inductance; 
L2 to resonate with C.4 (or reducing a specific harmonic; RFC1 
anode choke; RFCl, safety choke. The choke RFC2 servcs to 
prevent the appearance of high voltace from the h.t. supply on the 
outpu t feeder cablo in the event of a failure of the blocking con· 
denser C3. It is not cssontial if the cable hon a low .. resistancc d.c. 

p:\th to earth at the far end. 

One use of paraUel-lUned circuits as harmonic traps in 
the anode lead of the p.a. valve is not recommended 
since they may give rise to parasitic oscillations. Tuned 
traps may need readjustment whenever the transmitter 
frequency is varied, and for this purpose it is helpful to 
incorporate a harmonic-indicating device in the transmitter. 

Further attenuation of harmonics may be achieved by 
fitting a low pass filter between the transmitter and aerial 
coupler. To avoid interference to television reception 
such a filter would normally pass all frequencies up to 
30 Mc/s and have a high attenuation at higher frequencies. 
Examples of suitable filters are given later in this chapter, 
and here it is only necessary to stress that if optimum per
formance is to be obtained the filter must be designed for, 
and terminated by, the correct load impedance. In general, 
the proper adjustment of the aerial coupler can only be 
achieved by using a v.s.w.r. bridge (see Chapter 19-
1\feasure111e111s). Harmonic radiation may also be caused by 
s.w.r. bridges (due to the rectifying action of the diodes) or 
by a high v.s.w.r. 

It is sometimes found that a low pass filter does not 
reduce the harmonic radiation; on the contrary the 
interference may be worse. This condition can occur 
when harmonic radiation takes place directly from the 
transmitter wiring. Such radiation may be reduced by 
operating all the frequency-multiplying stages at the lowest 
possible power level, but the most reliable cure is to screen 
every part of the transmitter. 

Screening 

The correct use of screening plays a very important part 
in the reduction of TVI but unless the principles involved 
are fully understood the results may be disappointing. The 
basic principle can be explained with the aid of the simplified 
arrangement shown in Fig. 18.6 (A). A transmitter T is 
enclosed with its load resistance R in a perfect screening box. 
Because the screening is perfect there will be no detectable 
radiation outside. For the sake of simplicity, it is assumed 
that the transmitter derives its power from batteries also 
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.:ontained within the box so that there can be no question of 
radiation from any power supply lines. The problem is to 
allow the transmitter to radiate its energy outside the box but 
only at the proper frequency: any other frequencies such as 
those which could cause TVI must be prevented from leaving 
the box. Fig. 18.6 (B) shows how this can be achieved. Here 
the transmitter is connected to an external load by screened 
cable (with its associated plugs and sockets) and a screened 
lowpass filter. The load receives r.f. power from the trans
mitter at the wanted frequency while the filter stops the 
transmission of any r.f. energy whose frequency may lie 
within the television bands. It is important to note that the 
screening must be continuous to ensure that the only way 
out of the box is t hrougb the filter. 

Although the arrangement of Fig. 18.6 (D) enables a carrier 
to be radiated with minimum harmonic content there still re
main the practical problems of making connections to a 
modulator or a keying circuit and also of connecting a mains 
supply to feed a power unit instead of the internal battery. 
These problems arc really one, i.e. that of taking con· 
nections into or out of the box and at the same time prevent
ing r.f. energy from escaping out of the box along the lead. 
To do this it must be made impossible for any r.f. potential 
difference to exist between the leads and the outside of the 
box. 

[QJj (A) 

I g H(000)0;P 
f ig. 18.6. Tho pe rfect shield ing shown at A prevents any radiation 
from tha transmitter or its load. In the arraneement Ba low·p:us 
filter Is inserted in the lino betw~en the transmitter and its load 
to eliminate ha rmonics while permitting the radiation of the 

fundamental. 

Fig. 18.7 shows 1wo convenient methods. The capaci
tance values are not critical and usually lie between 500pF 
and 0·001 pF; such values are large enough for adequate 
by-passing at television frequencies and yet have negligible 
effect on the supply carried by the lead. The capacitors 
should preferably be of the feedthrough or mica-disc type 
because these have exceptionally low series inductance. 
When other types of capacitors are used the connecting 
leads must be kept as short as possible: a typical arrange
ment is shown in Fig. 18.8. It ·will be noted tha t the portion 
of the lead inside the box is shown as being screened. The 
use of screening is strongly recommended on all internal 
leads which are not normally carrying r.f. currents. ln such 
screened leads the insulating material need not be of a low
loss type since any r.f. loss will help to attenuate any r.f. 
currents which might be present. 
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The choke shown at (B) in Fig. 18.7 may be made by 
winding approximately one-quarter wavelength (at the 
frequency to be anenuated) of suitable wire on a former about 
i in. diameter. 

TRANSMITTER 

(A) 

TRANSMITTER 

~ 
nB-----.....) 

Fi11. 1 B.7. Methods of preve nti ng the escape of r.f. energy olone the 
1upply lc:ld1 fe eding 01 screened transmitter. The pi .. fHter shown at 
8 is usually more cff~ctive than the simple bypass capacitor A 

lt is well to bear in mind that r.f. chokes often 
have series resonances aod may therefore offer negligible 
impedance at certa in frequencies. These frequencies arc not 
read ily predictable but they can be changed by altering the 
number of turns in the coil or the spacing between the 
!urns. A grid dip oscillator (see Chapter I 9- Meas11re111e111s) 
is usefu l in cletecting such resonances. 

BRAID SOLDERED OR 
BOLTED TO CHAS51S 

) 
CAPACITOR 

INSULATOR 

BRASS 
SPACER 

Fig. 10.8. An effective m etho d of usi ng a st.andard mouldcd·c:ue n'ica 
cap:icitor for byp;\Ssi ng a power supply lead entering a screened 

cabinet. 

Where the power supply unit is remote from ihe trans
mitter chassis some difficulty may be encountered in con
structing an e!Tective r.f. filter for the heater supply leads 
owing to the relatively heavy currents and ihe consequent 
large amount or space occupied by the chokes. This may 
be avoided by mounting the heater transformer directly 
on the transmitter chassis, as near as possible to the vaJve 
sockets, and the r.r. chokes for the beater supply can then 
be inserted in the primary circuit instead of the secondary. 
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The e!Tect iveness of lead filters may be checked by coupling 
sensi tive harmonic indicator or a receiver fitted wi th a signal 
strength meter to the lead in question. In some c:1ses a simple 
crystal set may be sufficieoc. 

The screening box itself should preferably be made from 
sheet bra~s o, aluminium, although when ventilation has 
to be provided it may be satisfactory to use perforated or 
expanded metal sheet. Fine-mesh woven wire gauze will 
give good results but its performance may deteriorate with 
time owing to the development of high-resistance contacts 
at the intersections of the wires. There should not be less 
than ! in. overlap at every joint, and bolted joints should have 
bolts not more than 3 in. apart. lt is not always essential 
to screen meter holes, but when necessary the meters can 
be mounted in screened enclosures (wi th the leads bypassed 
to the enclosure). 

Screened transmitters built according to the principles 
described and used in conjunction with a screened low pass 
filter will give a substantially harmonic-free output irre
spective of the transmitter circuit details and or the amount 
of harmonic energy produced in the various stages. The 
principles are particularly easy to apply to self-contained 
equipment such as a " table-top " transmitter. 

RECEIVER CO N SIDERATI O N S 

The majority of interference problems occurring in 
receivers can perhaps be analysed in terms of selectivity of 
the various tuned circuits, although sometimes the source 
of trouble can be traced to other parts or the receiver such 
as the a.r. amplifier or the power supply. rn general, they 
may be grouped under one or more of the following headings: 

(a) Adjacent-channel selectivity. 

(b) Spurious responses in superhetcrodync receivers. 

(c) Cross-modulation. 

(ti) Rectification in a.f. stages 

(e) Mains-borne interference. 

Adjacent-channel Selectivity 

The overall selectivity of the receiver determines its ability 
to reject transmissions occurring on adjacent channels. As 
the channel spacing varies according to the mode or trans
mission so likewise docs the receiver bandwidth. Typical 
bandwidths vary from a few megacycles in television re
ceivers to a few hundred cycles in receivers for hand-keyed 
telegraphy reception. Jn some types ofrcccivcr the bandwidth 
is variable. l3ec.'luse television receivers have the greatest 
bandwidth they are the most susceptible to interference 
from spurious signals radiated by transmitters whose funda
mental output is in another part of the frequency spectrum. 

Spur ious Responses in Superheterodyne Receivers 

Interference effects in a superheterodync receiver can be 
of several differen t forms including interference by image 
siguals, the break-through of signals on or near the inter
mediate frequency, and various beats produced by harmonics 
of the signal or of the local oscillator. 



Imngcs. If the local oscillator in a supcrhctcrodyne 
receiver has a frequency lo and if the intermediate fre
quency is Ji, the receiver will produce an output when the 
incoming signal has a frequency of either lo + fi or lo - k 
U, as in most receivers, the oscillator frequency is designed 
to be higher than that or the wanted signal, the unwanted 
or " image" signal will be on a frequeocy lo + fi. The 
only possible means of preventing interference by an image 
signal is lo provide sufficient selectivity ahead of the mixer 
stage. 

" Half-image" Frequency. It is possible for signals on 
frequencies of lo + !fi and lo - M to produce at the mixer 
anode a frequency of !fi together with its harmonics. The 
second harmonic of this frequency is of course fi and inter
ference may therefore occur. It should be noted that lo -Yi 
is relatively close to the wanted frequency of lo - fi and that 
the pre-mixer selectivity which is adequate for image
frcqucncy rejection will not necessarily preclude this form 
of interference. Fortunately this effect is only likely to be 
encountered when the interfering signal is exceptionally 
strong since the output of such harmonics from the mixer 
is quite low. 

Intermediate Frequency Breakthrough. This type of 
interference is due to the reception of a transmission occun
ing on or near the intermediate frequency of the receiver. 
It is usually due to insufficient selectivity ahead of the mixer 
stage but in rare cases it may result from direct pick-up in 
the i.f. amplifier wiring. Most communications receivers 
have adequate pre-mixer selectivity to avoid this break
through effect and some broadcast receivers have a built-in 
i.f. trap to reject stations working near the intermediate 
frequency (usually 465 kc/s). Many television receivers have 
no i.f. traps and are rather susceptible to i.f. breakthrough. 

Harmonic Beats. Interference may be caused by ru1y sig
na.1 whose fundamental or harmonics can beat with the 
receiver's local r.f. oscillator or with any of its harmonics 
and thereby produce the intermediate frequency. The effect 
can be minimized by reducing the harmonic output of the 
local oscillator, but in the case of interference from an 
amateur transmitter it is usuaJly easier to prevent the inter
fering signals from reaching the receiver input by installing 
a suitable filter in the aerial feeder at the input of the receiver 

Cross-modulation 

Cross-modulation occurs when two signals arc applied 
to a non-linear device such as a badly adjusted or over
loaded valve amplifier and results io each signal being modu
lated by the other. The effect used to be very marked when 
sharp cut-o!T screen grid and pent ode valves were in common 
use as r.f. amplifiers but it has ceased to be important 
in normal reception since the advent of the variablc-1~ valve 
wi th its gradual change of slope. However, when the inter
fering signal is very strong cross-modulation will occur 
even with variable-Jo' valves and, because the modulation 
from the interfering signal is impressed on the wanted 
signal, no amount of selectivity in the stages following the 
one at which the efTect was produced will remove the 
interference. 

Ideally all the selectivity should be achieved ahead of the 
first valve in the receiver so that cross-modulation cannot 
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occur. As this is impossible it is common practice in com· 
muoications receivers to incorporate the most selective 
circuit, usually a crystal filter, immediately after the mixer 
valve and care is taken that the r.f. stages have only enough 
gain to obtain a reasonable signal-to-noise ratio. This 
ensures a low signal level at the mixer grid and hence 
minimizes cross-modulation. 

The effect is only likely to uccur when the interfering 
signal is very strong and it usually shows itself as a speech 
background to the wanted signal. When the interfering 
station is using telegraphy the strength of the wanted signal 
may vary in synchronism with the keying. Io both cases no 
trace of the interfering signal will he heard if the wanted 
signal ceases. 

While not strictly a cross-modulation effect, it is appro
priate to mention here a property of most a.m. detectors 
which allows a strong signal to dominate a weaker one. 
If the interfering signal is sufficiently strong at tbc detector 
stage the wanted signal may completely vanish leaving only 
the interference. This effect is variously known as wipe-0111, 
bla11keti11g or overloading and usually occurs only in receivers 
having very poor selectivity. 

Rectification in A.F. Stages 

Appreciable r.f. energy from a strong local transmitter 
can be picked up directly by the a.f. stages of a receiver; 
rectification may then occur owing to non-linearity in the 
amplifier characteristics and interference will result. The 
interference may be in the form of speech or, in the case 
of telegraphy interference, fluctuating output. The effect 
is not restricted to radio receivers and it may be observed 
in public address equipment, record players, tape recorders, 
electronic organs and deaf aids. It is sometimes experienced 
in ordinary telephones and when this occurs the Post Office 
or tclepbone company will undertake to suppress it. 

The r.f. energy may enter the equipment from the aerial 
or along the leads or microphone cables or may even be 
picked up by the internal wiring. The trouble can usually 
be cured by fitting a small bypass capacitor (100-500 pF) 
between the grid of the offending stage and earth. Often a 
grid stopper will suffice, the resistor in conjunction with 
the input capacity of the valve then forming an r.f. attenu
ator. The component values are normally found by trial
and-error. 

It has been found that such troubles in a.f. ampl ifiers 
may be cured by connecting bypass capacjtors of 0·01 1•F 
from tbe heater leads to the chassis. Also it is sometimes 
worth while to connect an r.f. bypass capacitor across a 
cathode bias resistor which, although it may already be 
bypassed for a.f. currents by a large capacitor, is not 
effectively bypassed for r.f. currents owing to the appreciable 
self-inductance of the a.f. shunt capacitor. A suitable 
value would be about 0·001 µF. 

High fidelity (hi-fi) equipment is also susceptible to r.f. 
pick-up on the loudspeaker leads, since negative feedback to 
the earlier stages is taken from the output transformer 
secondary. Bypassing should be done with care, since it is 
possible to cause supersonic oscillations in the amplifier. 

If l ·8 Mc/s and 3·5 Me/s transmissions are picked up by 
the v.ideo stages of a television receiver interference to the 
picture will be caused without any necessity for rectification. 
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The problem may be difficult to solve because installing r.f. 
bypass capacitors will completely upset the performance of 
the receiver. It is fortunate that this effect is rarely en
countered since the only satisfactory cure is to improve the 
screening in the receiver. 

Direct pick-up on the c.r.l. grid and the use of unscreened 
leads from the vision output to lhe c.r.t. may also be tbe 
cause of interference. 

Mains-borne Interfere nce 

Even when the transmitter is fitted with a mains filter a 
nearby receiver may suffer from mains-borne interference 
owing to r.f. e~e1gy being induced in the house wiring 
from the transmitting aerial especially if an indoor or a low 
outside aerial is used at v.h.f. A cure can usually be effected 
by fitting capacitors (or the order or 0·005 ,,F) from each 
mains lead to the receiver chassis although a more elaborate 
filler might be necessary in stubborn cases. rn general the 
receiver should have a good short earth connection but the 
effect of removing the earth lead should not be overlooked 
s ince in some ins tances th is may be found to reduce the 
interference. 

Mains-borne interference is seldom very troublesome 
but a.c./d.c. receivers arc morn susceptible than purely 
a.c. types. lf the latter have a mains transformer with a 
screened primary winding there should be Lillie or no r.f. 
energy entering the receiver circuits: even when the screen 
is omitted the capacity of the transformer winding to earth 
is often sufficient to prevent interference which may be carried 
by the mains. In a.c./ d.c. receivers it is important that the 
chassis should be connected to the neutra l line. 

Amateur Station Receivers 

An unskilled opera tor may have some difficulty in deciding 
whether interference is clue lo inadequate selectivity o r lo a 
"broad" transmission. If the receiver can be detuned some 
I 0 kc/s from a strong telephony signal without greatly 
impairing the quality of ths speech, the selectivity can be 
considered poor; if the speech is received as "' splatter," 
the transmission is at fault. 

rmage interference is usually no problem when using the 
more elaborate type or communications receiver having 
two r.r. stages although it is frequently troublesome at 14 
Mc/s and higher in the simpler rece ivers. The interference 
cnn be reduced by connecting a para lle l LC circuit , tuned 
lo reject the image s ignal, in the aeria l lead close to the aerial 
terminal of the receiver. Image rejection can be improved in 
the design stage by choosing a relatively high value (e.g. 1 ·6 
Mc/s) for U1e intermediate frequency s ince this increases the 
frequency difference between the signal and image frequencies. 
The adjacent-channel selectivity or a normal i.f. amplifier 
opt:rating a: I ·6 Mc/s or above is not very good and it has 
become popular to use a double-superheterodyne c ircuit with 
a lower second i.f. with which it is comparatively easy to 
obtain a high degree of selectivity. In such an arrangement, 
or course the selectivity is concentrated at the back end of 
the receiver thus leaving the front-end wide open for cross
modulation to occur. The design of double superhet 
receivers incorporating crystal or mechanical fi lters and 
local osci llators of sufficient s tability for the reception of 
s.s.b. s ignals is described in Chapter 4-H.F. Receivers. 

A rurther improvement can be achieved by us ing the 
tran~mitling aerial for reception rather than the nondescript 
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piece or wire that is so often relied upon, since most trans
mitting aerials are resonant. 

Severe cross-modulalion may appear as a result of " im
proving " the froal-end of a receiver by changing the first 
r.f. slagc from the original variable-~, valve to a sharp 
cut-off type in order to increase tho s ignal-to-noise ratfo. 
While this may improve the performance on the higher 
frequency bands it will be a t tl1e expense or cross-modulation 
trouble on the lower frequency bands where local stations 
radiate extremely powerful ground waves. 

Communication receivers, in common with other short
wave receivers, can cause TVI by the radiation of harmonics 
of the local osci llator. Such harmonics can be detected 
by coupling a sensitive indicating absorption wavemeter to 
the oscillator coil or wiring. For example, interference to 
television on Channel 1 may be caused by an early model 
HRO receiver clue to third-harmonic radiation when operat
ing on the 14 Mc/s band. This interference can be el iminated 
by bypassing the heater pins of the osci llator va lve to earth 
and connecting a series-tuned circuit between its cathode 
and earth as shown a t L ICI in Fig. 18.9. The trimmer Cl is 
adjus ted for minim um third-harmonic o utput. 

TO "8+" 
LIN E 

TO 92 

6C6MIXER 

TO • s - • 

Fig. 18.9. Modific;itio n of the oscill ato r circuit in an early model 
H RO receiver to suppress the thi rd harmonic when o perating in the 
14 Mc/s band. C1, 30 p F air t r immer; Cl, CJ 0·001 i•F mica (connected 
d irectly to valve soc:l<ct); L1 , 20turns N o. 22 s.w.g. enamelled copper 
wire clotc*wound on 17 in. diameter former, w ind ing l~ngth +! in. 

Broadcast Receivers 

Modern broadcaster receivers are or the superbeterodyne 
type and rarely suffer interference from amateur trans
mitters on the score of poor adjacent-channel selectivity. 
On the other hand, because they usually have or1ly one 
lllncd circuit at the s ignal frequency they arc rather suscept· 
ible to interference due to spurious responses. Recei,·ers 
having an intermediate frequency of 465 ke/s have an image 
response in the J ·8-2·0 Mc/s amateur band when tuned 
to frequencies between 8i0 and 1,070 kc/s . As amateur 
stations operating on this band rad iate extremely strong 
local ground waves it is hardly surpris ing that interference 
can be caused no t only by image response but also by har
-monic bea ts and cross-modulation. 



The interference can nearly always be cured by instal ling 
a suitable filter between the aerial and the receiver. A single 
r.f. choke in series with the aerial and mounted close to the 
aeria l terminal may prove successful in mild cases. A tuned 
wave-trap is often sat isfactory but it is not recommended 
l'or general use because it will require re-tuning whenever 
the transmitter frequency is changed appreciably. The most 
satisfac to ry device is a conventional low pass filter. 

F ilters for use with broadcast receivers are commonly 
designed for a terminating impedance of 400 ohms, and an 
example is given later in this chapter. The filter should 
preferably be screened and it should be fitted as close as 
possible to the aerial and earth terminals of the receiver 
to avoid pick-up of the unwanted signal after the filter. 

If filtering the input to the receiver proves unsuccessful, 
the interference is due to r.f. pick-up either by the mains or 
by the a.f. stages. 

Telegraphy interference from coast stations may be 
experienced in broadcast receivers having no i.f. trap. 
Widespread interference has also been traced to v.h.f. 
parasit ic oscillations generated in the a.f. stages of broadcast 
receivers o r in gramophone amplifiers. Neither of these 
effects really concerns the amateur but it is possible that 
initially he may be blamed for them. ft is in cases like these 
that the valueofa well-kept log book becomes unquestionable. 

T elevision Receivers 

Afte r harmonic radiation, perhaps the most common 
form of interference to television receivers by local amateur 
transmitters is cross-modulation or blanketing due lo the 
presence of a strong unintentional signal at the input 
terminals. Where a high outdoor television aerial is in
sta lled it behaves as an excellent Marconi type of vert ical 
receiving aerial for signals on the lower frequency amateur 
bands. ff the aerial system were balanced, as shown in 
Fig. 18.10 (A), any pick-up on the feeder from a local trans
mitter would be the same in each wire and would be self
cancelling at the centre-tapped input coil of the receiver. 
Thus in spite of heavy interfering currents flowing in the 
feeder and earth lead reception would be free from a ll 
interference except for the slight amount picked up by the 
dipole itself. 

The receiver chassis i; usually connected either directly 
or, in the case of a.c./d.c. sets, through a capacitor to the 
earth terminal, and this cao give rise to interference even 
with a perfectly balanced aerial systc n1 as a result of earth 
currents flowing in the chassis or the wiring. An example 
o f such a possibility is illustrated in l'ig. :18.10 (B) : here C l is 
the capacitor connecting the chassis lo earth, C2 is the tuning 
capacitor (often merely the valve input capacity) and C3 is 
the capacity of the chassis and mains lead to earth. Some 
of the interfering current induced in the aeria l will flow 
di rectly to earth and some will flow to earth through C l 
and C3, the proportions depending on the rela tive impedances 
of the two paths to earth. lf Cl is connected as shown to 
the point X an interfering current flows in the input circui t 
between the points X and Y, and since there may be appre
ciable reactance between X and Y an interfering voltage 
can reach the grid of the valve. The interference may be 
reduced if C l is connected to the point Y ins tead of X. 
C hass is currents can also cause trouble in other ways. T he 
situation is greatly eased if Cl is connected to earth through 
an entirely separate path such as the earth wire of a three-
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Fl.:. 18. 10. Aerial c;oupling arrangem ents in tel e vision receivers 

core mains lead. In this case the only inte rfering current 
in the chassis wiJJ be that flowing through the very small 
capacitance between the aerial and the grid coil and th is 
could be eliminated by introducing a F araday screen. 

The balanced aerial system shown in Fig. 18.JO (A) is not 
often used, the unbalanced system showo io Fig. 18.10 (CJ 
being far more common. In this a rrangement most of the 
inte rfering current flows in the outer sheathing of lhe coaxial 
cable, and provided that the earthing system is reasonably 
well designed the selectivity of the first tuned circuit is often 
sufficient to reject the interference present on the inner 
conductor. 

F ig. 18.JO (D) shows a particularly bad arrangement in 
which a pi-network is used lo match the feeder to the input 
impedance of the valve. As explained earlier, this circui1 
gives lillle protection against signals on a lower frequency 
than that to which it is tuned. Owing to the absence of 
inductive coupling, it is impossible to keep the interfering 
currents out of the receiver by the use of separate earth leads. 
If the interference is very severe it may be necessary to rebuild 
the input circuit in more conventional form. 

In the majority of cases interfering signals from amateur 
transmitters can be prevented from reaching the receiver 
by insta ll ing a suitable wave-trap or filter in the coaxial 
feeder close to the receiver. Wave-traps are useful for 
explor:llory work when trying to identify the interfering 
frequency, but for a permanent installation a screened 
high 1x1ss filter should be used. Examples of suiiablc fill e rs 
a rc given later in this chapter. 
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It must be appreciated that the filter will only attenuate 
interfering signals present on the inner conductor of the 
coaxial cable. If the effect of the filter is not as good as was 
expected the residual interference is probably caused by 
currents on the outer c.onductor affecting the receiver in 
a manner similar to that indicated in Fig. 18.10 (B). In such 
circumstances the interference may be appreciably reduced 
by ensuring that the current induced in the outer conductor 
can reach earth without passing through the receiver 
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wi ring, for example by running the cable past an earth slake 
or the point at which the water main enters the house and 
there earthing the outer conductor. The cable should then 
run along the ground until it reaches the receiver, as indicated 
in Fig. JS.11. Caution: The earthed outer conduc tor must 
nol come into direct contact with the receiver chassis. 

J 11 some early receivers the intermediate frequency adopted 
was near the 14 Mc/s amateur band. A frequency of this 
order was chosen in order to reduce internal beats or 
" birdies " without any considerat ion being given to the 
possibility of interference from amateur transmitters. This 
unwise choice has lead to many cases of i.f. break-through, 
the majority of which could easi ly have been cured by 
r1lling i.f. traps or high pass filters. When i.f. interference 
c:1n11ot be cured by external filtering the trouble is probably 
due lo pick-up in the wiring and this may necessitate major 
changes in the receiver. Jn general the amateur is advised 
not to undertake such work. A satisfactory solution in a 
case of this type can only be assured by the close collabora
tion between the amateur, the complainant, the GPO and 
representatives of t11e receiver manufacturer. Fortunately 
such severe cases arc rare and i.f. break-through is now of 
less importance as a result of the general adoption of a 
high intermediate frequency and the inclusion of i.f. filters. 

Most of the interference to television is picked up by the 
aerial but occasionally it is brought in along the mains. 
Mni11s-bornc interference can be identified by removing 
the aerial from the receiver, turning up the contrast control 
and then noting whether or not there are signs of inter
rcn:ncc to sound or vision. If interference is present, it is 
either being picked up in the set wiring or, far more likely, 
mains-borne. lf the latter, it can often be cured by fitting 
r.f. chokes in the mains leads close to the receiver chassis. 
·niesc chokes must of course be capable of carrying the re
ceiver mains current (large transmitting-type chokes are 
generally suitable) and they should be mounted in a wcll
carthcd screening box. The earU1ing is important not only for 
the effective suppression of the interference but also in the 
interests of safety. Raising the impedance of the mains leads 
may cure interference which is not mains-borne by reducing 
the stray" aerial" currents in the receiver wiring as described 
above. 
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D ue to the 3·5 Mc/s spacing between sound and vision 
carriers in the 405 line system, some receivers are susceptible 
to a form of interference in which 3·5 Mc/s energy beats with 
the vision carrier to cause sound interference and vice versa. 
Sometimes these receivers can be recognised by their radia ting 
the sound on 3· 5 Mc/s ! The cure is a high pass filter, but as 
the isolating capacitors in series with the feeder may pre
sent appreciable reaclance al 3.5 Mc/s, it may be necessary 
to mount the filter on the set side of these. Camion: One 
pole of the mains is connected to the chassis. 

CONTACT RECTI FICATI O N 

Any substantial lengths or areas of metal which make 
partia l contact with each other will, by virtue of the existence 
of oxides and other substances associated wi th tarnishing, 
behave like an aeria l system having a detector somewhere 
along its length. If two signals are present simultaneously 
in this system, cross-modulation may occur and the wanted 
signal, modulated by the unwanted signal, mny re-radiate 
from the metalwork and be picked up by a local receiving 
aerial. Even if no cross-modulation takes place, harmonics 
of the signals present may be generated as a consequence 
of the non-linear behaviour of the partial contact and these 
may again be radiated and cause interference. In the event 
of cross-modulation no amount of selectivity at the receiver 
can reduce the interference, and in the event of harmonic 
generation nothing can be done at the transmitter to cure 
the trouble. 

Common causes of the effect are rusty joints in gutters, 
drain pipes, gas pipes, electrical conduit, etc. Unless the 
effect is only slight, the source may often be located by the 
use of a battery-operated portable receiver having two r.f. 
stages tuned to the offending harmonic frequency and having 
a tuned loop aerial. The transmitter should be modulated 
and operated at full power while the receiver is moved 
round the neighbourhood exploring for points of origin 
as indicated by maximum receiver output. The tuned loop 
aerial will b,: found lo be directional enough to locate 
faulty joints in hidden conductors in walls and under floors . 

Even when the source has been identified it may be difficult 
to effect a cure since the faulty joint may be inaccessible 
or may be on the property of a third party. If the joint is 
accessible, the trouble can easily be eliminated by improving 
the electrical contact , but if it is not liule can be done 
unless the receiving aerial can be orientated so as to mini
mize the interference. 

CURING TVI 

This section is intended to be a practical guide to an 
amateur confronted with a complaint of interforcnce. The 
emphasis is therefore on logical procedures, rather than on 
repeating the particular application of topics dealt wiU1 else
where in the chapter. For example, the bald statement" Apply 
wavetraps "implies" For details see the section on wavetraps 
and filters." 

When it is realized that in an area of moderate field 
strength (l rnV/metre) a television receiver is working on a 
received signal of about O· l micro wait, it is not surprising 
that a high degree of suppression is necessary lo prevent 
interrcrence. As it has been found possible, however, to 
reduce the harmonic output of transmitlers to 0·0001 micro 
watt from a IOOW output transmitter, i.e. 120clb attenuation, 
the problem should not be regarded as insoluble. 



It will be helpful to have a complete circuit diagram of the 
transmitter, including control and mains wiring, so that no 
potential radiators are neglected, and to keep a record of all 
tests, even those which do not work, since this will avoid 
doing the same test again later. 

Before TVI can be cured the nature of the trouble must be 
correctly diagnosed. The chart shown in Fig. 18.12 sets 
out a logical series of tests which ''ill enable this to be done 
expeditiously. Once the cause is known the cure should 
follow the lines already described. 

Although the cure may be simple from a technical point 
of view its accomplishment may present numerous diffi
culties. A great deal of tact is ca lled f<,r on the part of the 
amateur and it is importan t to remember that the com
plainant is seldom technically minded and, having spent a 
considerable sum of money on his receiving equipment, he 
feels, rightly or wrongly, that he is entitled to interference
free reception. The amateur should never become embroiled 
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in an argument on " rights,.; if the complainant appears 
unreasonable he should be referred to the GPO and the 
amateur himself should also contact the local Radio Branch 
of the GPO stating the fact s of lhe case as completely 
as possible. The local GPO engineers are usually very 
co-operative and possess test equipment not always a,·ailable 
io the amateur. Nevertheless they arc of1en exlremely busy 
and their assistance should not be requested unless it is 
absolutely necessary. 

It is not to be expected that each amateur should have 
full facilities fo r dealing with all TVl problems, and here the 
value of co-operative effort becomes apparent. All well
organized radio groups and clubs should have a small 
nucleus of members who can form n. TVf committee. The 
committee as a whole should be reasonably well skilled in 
the diagnosis of TVf and should have available, as club 
property, test equipment such as high pass and low pass 
filters, wave-traps, coaxial couplers nnd adaptors. If an 
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old 1.r.r. television receiver can be acquired or borrowed it 
will be found invaluable in checking interference to BBC 
transmissions as convincing demonstrations can be given 
in the complainanrs house when the trouble is due to 
spurious responses in a superhete rodync receiver. The 
services and facilities of the TV I committee should preferably 
be available to all local amateurs (whether club members or 
not) because a badly handled case of TV! directs public 
opinion against Amateur Radio as a whole. 

There a re three categories of TYi in which the amateur 
may be involved: 

(a) Harmonic, parasitic or spurious radiation from the 
trcnsmitter and/or its aerial system. 

(b) Response by 1hc television rcceh•cr to signals outside 
its proper passband. 

(c) Cross-modulaiion or the generation of harmonics 
caused by contact-rectification in non-linear clcmenlS 
in the vicinity of the transmitter which re-radiate and 
ente r the television receiver in the same manner as if 
they were radi:itccl from the transmitting aerial. 

Cases in Category (a) must obviously be treated a t the 
trnnsmittcr and the amateur cannot escape responsibility. 
T hose in Category (b) can be cured only at the receiver, and 
in general the GPO is sympathetic towards the principle 
that the amaieur is nOl to blame. In Category (c) neither the 
transmilling amateur nor the receiver owner is to blame 
except insofar as either of them may have some\\ here about 
his property metalwork which, owing to corrosion or the 
manner of its assembly, is causing trouble. A corroded 
receiving aerial of course comes into this ~'l legory and the 
owner has the cure within his own province. In some cases 
it may be desirable to resite the receiving nnd transmitting 
ncrials, bearing in mind the" second comer" policy adopted 
by the GPO. 

Category (a). Causes w hich must be dealt with at the 
Amat eur Transmitting Station 

The system to be adopted in this case is as fo llows : 
l . Connect the transmitter to a dummy load. Operate the 
transmiller in all other respects in the same manner as that 
used when interference is known to be caused. 

Possible Results 

(i) Interference no longer caused. 
(ii) No change in interference. 

(iii) Appreciable reduction of interference. 

If the results a rc as in (i) then il is clear that a ll the trouble 
is brought about by the s ignal radiated from the transmitting 
aeria l. It may, therefore, be due to harmonic radiation, to 
receiver defects in category (b) o r to effects in category (e}. 

If the results a re as in (ii) there is strong evidence of 
harmonic radiation from the early or final stages of the 
transmitter and well -known methods of cure, such as 
screening and filtering of leads, should be applied. It is 
unl ikely that the receiver is to blame or that non-linear 
clements are involved s ince there should be no swamping 
signal, as would be the case if the transmitting aerial, instead 
of the dummy load, were in use. 

lf the results are as in (ii i) there is every likelihood of a 
combination of ha rmonic radiation from the transmitte r 
itself as in (ii) plus further interference fal ling into Categories 
(a), (b) and (c}. The procedure, therefore. is lo work on the 
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transmitter screening and filtering, etc., until interference is 
eliminated on dummy load. 
2. When all interference on dummy load has been cured, 
the following test should be carried out. Reconnect the 
aeria l to the transmitter through a low-pass filter of good or 
known performance. 

Possible Results 

(i) Inte rference no looger caused. 
(ii) No change in interference. 

(iii) Appreciable reduction of in terference. 

H the results are as in (i) this is the end of this particular 
branch of investigation and the case is closed. However, if 
the results arc as in (ii) there is strong evidence that the 
traosmit tcr was blameless even without the low pass fi lter 
and that the case falls into either Category (b} or Category (c} 
or bo th. 

If the results are as in (ii i) the transmitting sta tion with 
the low pass 'filter in c ircuit is probably now blameless and 
the remain ing interference is clue to causes in Categories (b) 
or (c) or both. It is, of course, necessary to make sure the 
low-pass filter is really effccti\'e before these assumptions can 
be true. 

At this stage of the investigation the transmitting station 
and, therefore, Category (a) have been eliminated and only 
Categories (b) and (c) remain. 

Category (b). Causes which must be dealt with at t he 
Te levis io n Receive r 

3. T he system to be adopted in this case is as follows: 
Disconnect the aerial from the television receiver and turn 

up the brill iance control until the raste r is just visible. 
Modulate the transmitter by speech o r keying and check 
whether interfe rence persists. 

Possible Results 

(i) No interference visible. 
(i i) Significant interference still 1>rcscnt. 

If the results are as in (i) then the interference is coming 
in via the aerial and the frequency of the interfering signal 
should be checked. This is best done by means of a tuned 
trap o r traps which will cover the fundamental a nd appro
priate harmonic frequencies of the amateur sign:il (see 
Section 4 fo llowing). 

H the results arc as in (ii), then at least some interference 
is entering the receiver via the mains connection or is being 
picked up on the i.f. wiring in the receiver. Apart from 
putting r. f. chokes in the mains lead and trying elementary 
screening around obviously vulnerable i.f. circuitry there is 
not much that can be done by anyone but theset manufacturer. 
4. Reverting Lo Section 3 (i)-the case where on removal of 
the receiver aerial no trace of interference is LO be seen when 
the transmitter is keyed-the following tests should be carried 
out. 

Insert a parallel tuned circuit, resonan t at the transmiller 
output frequency, in series with !he inner conductor of the 
receiver co-axial feeder. For 14 Mc/s the tuned c ircui t should 
preferably cover a t least a 3 : I frequency band so that at oue 
sweep of the tuning capacitor bo th transmitte r fundamenta l 
and third harmonic can be rejected . For lower frequency 



bands the tuoed circui t need only resonate at the tr:rnsrnitter 
output frequency but a second tuned circuit should be 
ava ilable to cover the television band. 

With the transmitter keyed or modulated, and the tele
vision transmission on the air (preferably showing a test 
card), ro ta te the trap capacitor in the vicinity of the known 
resonance point for the transmitter freq uency as determined 
with a grid dip meter. 

(i) lf a substantial reduction in interference is observed, 
then the trouble is either swamping (cross modulation) or 
i.f. break-through or image response. Which it is can usually 
be deduced from a knowledge or the receiver circuit but it is 
of academic interest ooly since the receiver is at fault anyway. 

When it is found that a trap resonant at the trnnsmitter 
output frequency is effective in reducing interference, a 
properly designed high pass filter of known performance 
should be insened in the receiver feeder. Any remaining 
interference is probably due to causes in Category (c). 

(ii) lf no appreciable reduction is observed on tuning the 
trap to the transmi tter output frequency, the evidence is I.bat 
the receiver is no t a t fault. Retune the trap-or insert a 
second trap-to the television channel. C learly, if the trap 
is operating effectively, it will seriously attenuate the picture. 

If the interference is due to a transmitter emission (such as a 
harmonic or spurious signal) or to a Category (c) source, then 
the trap will attenuate the interference to the same extent as 
the pic ture. In earlier tests it has already been esta blished 
that there is no transmitter out put in the television band. 
Therefore, we have the case of a harmonic-free transmitter 
and a faultless receiver, yet ha rmonics arc being received. 

From this it may be deduced that the cause is in Category 
(c) and sheer dogged searching or inspired deduction are 
needed to fi nd it and attempt a cure. 

Category (c). H armonics caused by Non-linear 
Elements 

The problem of harmonic generation by contact rectifica
tion has already been referred to. 

The commonest causes are rusty joints in domestic plumb
ing such as gutters, drain pipes, gas pipes and electrical 
wiring conduit. Indeed , t he phenomenon has been ca lled for 
many years the " drain pipe effect "or" rusty bol l effect "
the latter, particularly in sea-going iostaUations where an 
earth bolt has rusted, giving rise to the conditions described. 
More often than not the efficiency of the rectifier in the 
corroded joint is very poor and the proportion of harmonic 
re-radiated to the a mount of the fundamental re-radia ted is 
very low, but it must be realized that a field strength of many 
volts per metre at the fundamental is common in the im
mediate vicinity of the transmitting station, and a re-rad iated 
harmonic field of 1/ 1,000,000 compared with the fundamental 
may be sufficient to cause TYi. Occasionally, however, 
the nature and condition of a rusty joint may be such 
as to rectify quite efficiently, with the result that auy modula
tion of the transmitter may become audible at the joint ! In 
one case, for example, a gu tter pipe 20 ft. high with a loose
fitt ing joint about 5 ft. from the ground was found to be 
emitting an audible tone when the transmitter was being 
modulnted fo r test purposes. On disturbing the joint by 
vigorously shaking the pipe, the sound output vanished but 
there was still a varying degree of harmonic radiation (as 
detected on a harmonic indicator) as the pipe was moved 
about. 

CNTERFERENCE 
Some or the most obscure causes, which arc at the same 

time most difficul t to cure, a re rusty conduit pipes embedded 
in the plaster of walls. T he only hope of tracing these is by 
means of a sensitive harmonic indicator, preferably in the 
form of a portable two r.f. stage battery-operated receiver 
working a t the harmonic frequ ency and baving a tuned loop 
aerial o r flexible probe terminating in a loop. The trans
mi tter should be modulated and operated a t full power while 
tl1e portable receiver is taken around the neighbourhood 
exploring for the poin ts of origin and maximum harmonic 
indication. The tuned loop aerial will be found qui te direc
tional enough to pin-point even hidden conductors in walls 
and under floo rs. 

After the source has been located it may be au altogether 
more diBkult problem to eliminate the generation of har
monics. One of the most d isheartening things about th is 
particular trouble is that houses immediately either side may 
also contain rusty connections which in most cases cannot 
normally be dealt with. 

Further Aids to Diagnosis 
One of t l1e commonest forms of T YC is the diagonal 

" cross hatch " pattern formed o n the picture. By observing 
and measuring the horizontal spacing of the light and dark 
bars Fig.18.13 it is possible to deduce the interfering frequency 
For example, suppose the horizontal pitch of the pattern so 
formed is 0·5 in. on a d isplay 20 in. wide, then there would 
obviously be 40 complete cycles of the interference " beat " 
(or heterodyne) occurring in the 80 microseconds of active 
line (forward scan) duration of the television picture. If 40 
cycles take 80 microseconds, then I cycle takes 2 micro-

-----

~---=------- ·-----

Fig. 18. 13. Th e a pproxim ate frequency of c.w . interference to tole· 
vision can bo fo und fro m the,. herringbone" p3 ttern on the. sc:rcon 
of the affe cted receiver d ua to the beat with the vision carrier. 
Since th o hori;r.ontal forward scan period i.s 80 or SO microseconds 
for 405 or 6lS lines respectively. the number of dark stripes counted 
as shown , divided by 80 or SO g ives the beat frequency in Mc/s. It is 
also possib le to distinguish between i.f. and si gna l frequency inter· 
ference since for i.r. in terference the pattern w ill c hange if the fine 

tuning is varie:d. 

18.13 



RSG~RADIO COMMUNICATION HANDBOOK 

seconds and the frequency is O·S Mc/s. Similarly, a hetero
dyne of 2 Mc/s would be represented by a horizontal pitch 
of one quarter of o·s in. i.e. i in. 

l f the transmitter is on a frequency of, say, 14·333 Mc/s 
its third harmonic will be exactly 43 Mc/s, and this harmonic 
will beat with a vision carrier on 45 Mc/s to produce a 
heterodyne of 2 Mc/s. Thus, if the interference is due to the 
third harmonic, an i in. horizontal pitch pattern will be 
produced on a 20 in. display. Changing the transmitter fre
quency to exactly 14 Mc/s will produce a 3 Mc/s heterodyne 
and the pitch should reduce in width to two-thirds of the 
previous measurement. 

Any pattern having a pitch detectably larger than t in. 
on a 20 in., display (in the case of 14 Mc/sand a 45 Mc/s 
vision carrier, for example) is i.ndicative of a heterodyne at a 
frequency lower than 2 Mc/s. Such should be impossible 
if the trouble is really third harmonic since the transmitter 
would have to operate outside the high frequency end of the 
14 Mc/s band to produce any heterodyne appreciably lower 
than 2 Me/s. 

On the other hand, if the trouble is due to i.f. break
through or image response in the receiver, heterodyn es of 
this order can be caused. Furthermore, due to " inversion " 
produced by the mixing process in the receiver, it is possible 
to increase the pattern pitch instead of reducing it when the 
transmitter is changed from 14·333 Mc/s to 14 Mc/s. 

CURING BCI 

Generally, BC! is easier to deal with than TVI but again 
it is quicker to do tests in a logical series, as set out in the 
chart in Fig. 18.14. 

The GPO deals with DCJ complaints in much the same 

way as TVI, and it is worth noting tha t complaints are only 
entertained which relate to local BBC stations. In the 
interests of "keeping the peace" it may, however, be 
advisable to consider listeners to other authorized stations. 

F.M. Recept ion 

Interference to Band l I reception is seldom met, partly 
due to the "capture eJTect " or frequency modulation, which 
automatically rejects weak illlerfcrence, and also because a 
filter adequate for TVI is also adequate for this purpose. Jf 
harmonic interference is met, it should be treated as for TVI. 

However, as the standard i.f. of 10·7 Mc/sis in harmonic 
relationship with the 3·5 Mc/s band, interference can be 
caused by radiation at this frequency. If an aerial t1ining uni t 
does not eliminate the trouble, the generation of this 
frequency should be minimized by reducing the input to 
mul tiplier stages a nd employing a tuned interstage coupling 
(or a wideband coupler with rnpid fall-off outside the desired 
bandwidth). A high pass filter at the receiver may effect a 
cure, but if 10·7 Mc/s is being radiated, tl1is should be 
suppressed at the transmitter, since other receivers will be 
;imilarly affected. Clearly it is possible for a receiver over
loaded by harmonic free 3·5 Mc/s r.f. energy to generate 
interference at 10·7 Mc/s. (This can be enhanced by a 
resonant feeder.) A high pass filter is the cure here. 

The assistance of a nearby amateur listening around 10·7 
Mc/s is helpful, but the normal station receiver can be used 
away from the transmitter, with a 3·5 Mc/s wavetrap to 
prevent overload. 

Chi ck it lh t 
(1) 

18.14 

YES 

(4) I 

inl1rftrcn« i s tunabl• at the: broadcast re'c~ivt r 

YES 

( 2 ll 
From the indicatfld rrrc:ci vcr 
l~qucncy and the i. t. f ind an 
image t~qu1n cy ( fro m Table 1 
wllcn Lf. is 465 kc/ s ). 
Is the transmitte r inl<:nded 
t o be rad iat in9 on this 
f r equency ? 

I 

I 

NO 

NO 

r (3 > 
( a ) Check tor widQband interfc r enc" 

du• to key clicks, over- modu lation 
or parasites and eliminate . 

( b ) on ~IF bonds - sqt .c . 
(c ) VHF bands - treat rcc• ivtr as 

tor audio pick- up. 

-i(s) 
Apply wa v<rlrap/tilt•r ta 
rcc<rlvcr acrio.I / main1 
c:onncctlon1 . 

Check if th" transm ittar is in tact 
radiating on thq imog~ fnEqu• ncy 
due to parasi tes or (sub) harmonic 

YES rod lotion . 

1 

NO 

(6)j j(7) 
Supp~ss thi s radiation. ~~utl~12 ~i;ql;:,.qub:~ bt~:not:i'ft~~urcrd 

output frequency' being multipliad or 
~ing hc tcrodynt d with a local 1tatlon? 

YErS~~~~~-L..~~~~-.:..;NO 
cs>I 1 (9) 

Sec .C Find onoth•r image frequency 
and repeat from ~. 

Fig. 18.14. Chart for the diagnosis of SCI. 



Spurious Responses of Broadcast Receiver 

Against the frequency of each BBC station shown in 
Table 18.1 are listed those spurious response frequencies 
which lie in or near ama teur bands or at sub-harmonics when 
the receiver in use has an i.f. of 465 kc/s. Allowance must 
be made for the variation in i.f. over the normal range 
440-470 kc/s. Receiver local oscillator harmonics up to the 
third have been considered. Frequencies of higher responses 
can be calculated from the formula 

f = 11Usig + i.f) ± i./ 
where /1 = order of harmonic 
f sig = broadcast station frequency. 

WAVE T RA PS AND FILTERS 

A wave trap is a resonant circuit so connected that signals 
at its resonant frequency are severely attenuated. It may be 
either a parallel tuned circuit placed in series with the main 
circuit, or a series tuned circuit shunting it at the specified 
frequency. Both systems will largely divert current at the 
unwanted frequency. Cases of spot frequency interference 
can be effectively dealt with by the use of wave traps. When 
a band of frequencies must be rejected, the more sophisticated 
wave fil ter must be used. 

Ao example of the use of a parallel-tuned circuit is the 
i. f. trap in a broadcast receiver. Here the vohage from the 
aerial is applied to the trap in series with the receiver input 
ci rcuit . Since the impedance of the tuned trap circuit is very 
much higher than that of the receiver input circuit the inter
fering voltage is much reduced. 
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TABLE 18.1 

Station Ponible Spurious Responses 

light 200 kc/s 1795 kc/s 
Third 647 kc/s 1759 kc/s 3801 kc/s 
North 692 kc/s 1849 kc/s 
Scottish 809 kc/s 1739 kc/s 
Welsh 881 kc/s 1811 kc/s 3573 kc/s 
London 908 kc/s 1838 kc/s 3654 kc/s 
South and West 1052 kc/s 1982 kc/s 3499 kc/s 
Midland 1088 kc/s 2018 kc/s 3571 kc/s 
North 1151 kc/s 3697 kc/s 
light 1214 kc/s 3823 kc/s 
Northern Ireland 1340 kc/s None 
South and W en 1457 kc/s Non e 
Third 15"6 kc/s 3557 kc/s 

A parallel-tuned wave trap can be a powerful tool in 
identifying interfcrin,g frequencies. A shielded trap having a 
set of plug-in coils can be inserted into the coaxial feeder of a 
television receiver and tuned to the point at which the inter
ference is reduced, thus indicating the offending frequency. 
Such a trap may be calibrated either by means of a grid dip 
oscillator o~ by connccliog it in series with the input of a 
calibrated communications receiver, the latter method having 
the advantage that the calibration can be carried out with the 
shielding in place. A tuning capacitor of not less than 
150 pF is recorwnended in order that a reasonable frequency 
range can be covered. 

A simple and cheap bul effective fil ter can be made from a 
coaxial cable stub cut to an electrical quarter wavelength at 
the unwanted frequency and connected in parallel with the 
main coaxial cable. The remote end of the stub, which 
may be coiled up for convenience, should be open circuited. 
The length will be that of a free space quarter wavelength 
multiplied by the velocity factor of the particular cable in use, 
typically 0·67 for solid polythene insulation and 0·85 for tbe 
foam type. Alternatively, a short circuited stub may be 
used to pass n desired frequency and its odd multiples. This 
technique, wbich can take the form of a balun, is particularly 
suitable for 28 Mc/s where the capacitance of an open circuit 
stub cut to 43 Mc/s would be excessive. It can also be used 
as a bandpass filter on a television aerial feeder, provided a 
separate feeder is used for each channel. 

Adjustment simply consists in cutting the stub a li tt.le 
longer than the theoretical length, and then pruning by about 
~ in. steps until tbe minimum sigoa.I is obtained, taking care 
not to short circuit the stub when cutting the cable. (If 
necessary, overshoot and then cut a new stub to the correct 
length.) This procedure may also be quicker for a short 
circuited stub; rather than short circuiting each time, prune 
for a minimum, and then short circuit. 

Wave trap components are usually of the variable type and 
therefore the correct setting can be obtained by trial and 
error whereas filter components (other than those used in 
" brute-force" filters) are fixed at values determined by the 
design formulae. The values should be within 5 per cent of 
the calculated values, and to this end capacitors may be 
purchased with the correct value or, if a suitable measuring 
bridge is available, they can be made up of series and parallel 
corn bi nations. 

The graph in Fig. 18.15 enables air cored coils to be wound 
to a reasonable degree of accuracy by using a bolt as a 
mandrel. The coils can be squeezed or stretched to tune m
derived sections lo their exact rejection frequencies. This is 
more importa.nt thnn the exact L and C values nnd can 
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conveniently be done with a grid dip oscillator. To preserve 
the Q and inductance, coils should always be mounted at 
least one d iameter from any metalwork. 

lt is important tba t a filter is correctly tcrmi11ated. A 
150 watts transmitter (400 watts p.e.p. output) will produce 
180 volts r.m.s. ill n matched 80 ohm feeder, but in the 
event of mis-match the maximum voltage is 180 times the 
s.w.r., so a very high voltage can be produced which may 
damage the filter. A coupling Lmit is therefore 11ecessary, 
preferably i11corporating some form of reflcctomcter. Mis
termination may also introduce a variable loss across the 
passband, due to reflections. which can seriously d isto rt 
television reception, and will require a transmitte r to be 
re- tuned. 

ln broadcast receivers tbe input impedance is usually 
unknown, but fi lters for these receivers are based on an 
impedance of 400 ohms, and a 400 ohm resistor is often 
included in the filter. As a slight loss in the passband (which 
would not be permissible for television) is quite acceptable, 
the effect of m is-match is not too serious. 

Filters for r.i'. use should always be enclosed in screening 
boxes with ~uitablc screened connections. Failure to ensure 
good eartbi1.g l)f the outer screening of the coaxial cable via 
the plug and socket to the box can result in in terference 
currents flowing on the outside of the cable and bypassing the 
filter. rt is a lso desirable to divide the box into separate 
screened compartments , so that no coupling exis ts between 
the various sections although if a low amount of attenuation 
only is necessary, s:1y 50db or less, it may be sufficient to 
o rientate the coils with their axes at right angles and well 
spaced i.e. several coil diameters. 

Connecting leads, particularly on cnpacitors , should be as 
short and stout as possible to avoiJ adding inductance. A 
rule of thumb is tha t ! in. of 22 s.w.g. wire is equivalent to 
0·01 µH; a 200 pF capacitor with ! in. leads and no internal 
inductance would be series resonant a t 80 Mc/s, and would 
cease to be an effective bypass above this frequency. Copper 
o r brass tape is much superior in this respect; if the newer 
types of capacito r with tape leads arc not available it is 
possible to solder strips of copper foil along the existing 
round wires 

Theoretically it is possible to design a filter, build it and 
put it in to service, no alignment being necessary. In practice 
this is only possible where a very high degree of performance 
is not required, e.g. a low pass filter to pass up to 15 Mc/sand 
stop 40 Mc/sand above. When a more difficult requirement 
has to be met- for example, the passband required to extend 
to 30 Mc/sand the stop band to start at 35 Mc/s-componcnt 
tolerances and strny cnp;1cilance and inductance necessita te 
some adjustment at least to m derived sections. If a signnl 
generator o r grid dip oscillator is not avai lable, a small 
electron coupled crystal oscillator with its anode circuit 
tuned to the a ppropriate harmonics may be used as a s ignal 
source, and a simple d iode voltmeter can be made up as 
shown Fig. 18.16 to act as the detecto r. Tl1is permits the 
resonan t frequencies of them derived sections to be adjusted 
to give maximum attenuation at the design frequencies, and 
allows an estimate to be made of the attenuation by replacing 
the filter by a coaxial adaptor and no ting the increase in 
output. /\ quicker if' less accurate procedure is to insert the 
fi lter in the aerial of a receiver tuned to the unwanted 
frequency, and adjust for minimum response, not forgetting 
that the receiver a.g.e. will tend to counteract the drop in 
signal s trength. 

18.16 

When testing a low pass filter fo r use with a transmitter it 
should be inserted into the coaxial cable feeding a communi
ca tions receiver. Within the passband of the filter there 
should be little or no effect on the strength of incoming 
signals. To test the effectiveness in the s topband the filler 
may be inserted into the feeder of the te levision receiver: it 
should be found that the television signals are greatly 
attenuated or even totally suppressed. With a high pass 
filter for use wi th a television receiver there should be no 
reduction in signal strength when so used, but when the 

OUTPUT CR 1-25 mH 

~ 
-:: TO 0 C 

VOLTMETER 

( b) 

Fir. 18.16 (a). Filter test oscilla tor using crystals in the ranac 4.9 
Mc/s .. lncreasi na c:hc value of the grid leak may give more harmo nic 
output. Cl , 30 pf (4·6 Mc/s crystals) or IS pf (4·8 Mc/s crystals); 
Cl, 100 pf; Cl, 50 pf; LI , 3 turns 16 s.w.g. cnam. on ~ in. diam. 

forme r: Ll, I turn link winding adj:icent to LI. 
(b) Simple d.c .. detector. 

filte r is inserted into the feeder of the communications 
receiver all signals should be greatly attenuated. The 
reduction in S meter reading wi th a given signal when the 
filter is inserted may be taken as a rough measure of the 
filt er attenuation. 

H igh Pass Filters 

It is difficult to design a high pass filter to fit che needs of 
al l amateurs without undue complexity, since operat ing 
habits and television receiver susceptibilities vary. For this 
reason a series of75 ohm" building blocks" (Fig. 18.17) have 
been designed so that each amateur can select those sections 
which will give him the characteristic required when 
assembled according to the following ins tructions: 

(a) From the bands used and the television receiver i.f. 
or image frequencies, decide which frequencies need 
maximum attenuation, some attenuation, and those 
which can be neglected. 

(b) For each band requiring maximum attenuation pick 
the corresponding m derived section (for 28 Mc/s, for 
example, the matching half sections, which must be 
used, will contribute higb attenuation, but another 
full section may be added if extreme attenuation is 
needed). 



(c) For all bands, add up the attenuation (fable 18.2) 
given by the chosen sections, plus that of the end half 
sections, subtract 6db for losses and consider whether 
this is adequate. lf not, the addition of one or two 
constant k sections will probably correct matters, and 
may enable one of the other sect ions 10 be discarded. 

(cl) Draw out the circuit diagram or the whole filter 
placing the sections chosen between the matching half 
sections and replacing pairs of capncitors in series by 
the resultant. 

(e) Design the coils with the aid of Fig. 18.15. 

(f) Build it. 

(g) Temporarily short circuit the series tuned sections and 
resonate wi th a grid dip oscillator. 

It is quite possible to construct a small filler of this type 
in a cylindrical tin with all the coils soldered to the lid. Using 
this technique, it is possible to build a filt er in less than an 
hour, with a measured attenuation or over 30db in the 28, 
2J 'Ind 14 Mc/s band, and less than 0·5db above 40 Mc/s. 

Low Pass Fi lter 

The low pass filter shown in Fig. 18.18 is a well proven 
design which gives a minimum of 45db attenuation of all 
harmonics above 40 Mc/s and is suitable for use in most 
areas of reasonable television field strength. 1 n fringe areas 

fvlatching half sect ions 
C l 

~ ..... -
,:~ 

0 J 

L - O·SSfH 
C l - 98·5pF 
0 - 53pF 

Constant k section 
c c 

~~~I~~~ L 0 ·16}-'H 
C - 59pF 

m derived section 
Cl C l 

-----H It-----

---~---
28 Mc/> 2 1 Mc/s 14 Mc /> 7 Mc/s 

L 0 · 2 BJJH 0 ·2 1jJH 0· 18fH 0·17fH 

Cl ?S·S pF 74pF 64 pF 60pF 

C:? 107pF 300pF 700pF 3000pF 

Fie. 18.17. Hi1h pass filter sections for use in 7S o h m cable. 
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T ABLE 18.2 
The attenuation in db of different section1 

Pai r of 
matchin1 18 Mc/s 11 Mc/s 14 Mc/s 7 Mc/s Constant 

Band "alf section section section 1ection K section 
tection1 

------ ------- --- -----
28 Mc/s 28. 2e• 15 12 10 10 
21 Meis 17.S 17.S 40 23 19 19 
14 Mc/s 13.S 13.S 23 40 27 27 
7 Mc/s 12 12 19 30 40 40 
3.5 Mc/s 12 12 19 28 40 40 
J.8Mc/s 12 12 19 28 40 40 

• Due to the width or the 28-29·7 Mc/s band. the attenuation falls co this 
figure at the cdccs. ir sections are pc2kcd Jt the band centre. It m;iy be 
dc-.sinble therefore to sc.~gger tune the en.d sections (or an :additional 
section) to 28·5 and '29·5 Mc/s. The attenunion at the series rcson:.n t 
frequency in all cases will exceed 60db, but the figures ol 28 or 40db 
represent the minimum :iuenuation at any point in t he band if the circuit 

is resonated ;tt mid·b;ind. 

it may be advisable to add extra constant k sections, i.e. 
insert extra L3 C3 combinations between C2 and L3. The 
end sections are designed to resonate at 42 Mc/s, and Cl 
and C4 may be made variable for this purpose. ln order to 
maintain a high attenuation across Channel 1 it is desirab le 
to align one al 42 Mc/s and the other at 43 Mc/s. 

The working voltages of the capacitors should be at least 
750 volts to provide a reasonable factor of safety during the 
initial adjustment of the aerial tuning unit, but in many cases 
a lower voltage rating may be found practicable. As pre
viously described, the a.t.u. must be p roperly adjusted if 
optimum performance is to be obtained from the filler. When 
correctly terminated a filter of this type has an attenuation 
characteristic which should give adequate harmonic 
suppression in all locations. 

V.H.F. FILTERS 

At frequencies higher than 30 Mc/s a low pass filter is 
often inadequate to deal with interference, since harmonics 
of the fundamental drive frequency above and below the 
output frequency can lead to trouble. A bandpass nite r is 
therefore necessary. 

00-0HM 
OUTPUT 

Fig. 18 .. 18. Circuit and layout of a four-sce:tion low-pass filter 1uitable 
for use with any tr;ansmitter on all bands l ·B-30 Mc/s. It is d~signed 
ror insertion in a 15 ohm coaxial feeder. Cl, C4, 36 pF mica, 750 
V d.c. working (5% tolerance). Cl, Cl, llO pf mi ca, 150 V d.c. 
working (5% tolerance). LI, LS, 0·36 µ H : 7 turns, wlndln11 length 
I in. Ll, L4, 0·59 1i H : 10 turns, winding length l in. Ll, 0·73 itH: 
ll turns, winding length lo'. in. All coils are of 16 s.w.g. copper 
w ire, t in. intorn:\I diameter self-s upporting_, with n connecting 

lead I in. lonr at each end. 
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Conventional Fi lters 

Bandpass fillers can be designed with coils and capacitors 
but the calculated values at impedance levels around 75 ohms 
are very awkward in pract ice, and considerable cut -and-try 
is necessary to get good results. A simpler technique is 
to cascade a low pass and a high pass filter. If the respective 
cut off frequencies arc suitably staggered about the working 
frequency a bandpass filter is produced. Both filters must 
be /11 derived to improve the matching but even so the fil ter 
may introduc.e some mis-match into the coaxial line. Never
theless the resulting loss can be held to a low level by careful 
matching. 

Co axial Line Filter ~ 

The coaxial line technique allows conventional filters to be 
made for the 70 and 145 Mc/s bands, but does need care in 
construction and would be difficult to apply at 435 Mc/s. 
Fortunately, at v.h.f., the coaxial line becomes a usable 
filter elemenl. F rom the equation for the efficiency o f a 
tuned circu it 

II= I - Q1. 
Qu 

it is known that for a n efficiency of 90 per cent, i.e. 0·5db 
loss, Qr, must be 12 or less with a Qu of 120 typical of h.f. 
band coils. However, a 3 in. copper coax line has a theoretical 
Qu of 3,000, so that 0·5db loss would give a working Q1. o f 
300! QL is adjusted quite simply by varying the size o f the 
input and output coupl ing loops. 

Unfortunately, a coaxial line is also resonant at odd or 
even harmonics depending on how it is connected, so tha t 
half the harmonics will not be affected. However, by adding 
capacitative loading (see '.'.::hapter 7- V.H.F. Tra11s111i11ers) 
which reduces the length uf line required and also allows the 
resonant frequency to be adjusted, the harmonic rela tionship 
of the" overtones" of the line is broken up. For example, in 
the quarter wave 145 Mc/s line described below, the three
quarter wave resonance, which would be a l 435 Mc/s for an 
unloaded line, occurs at 550 Mc/s. If it is desired to el iminate 

15pf All\- SPACEO TRIHHER " ITll 
COPrER STl\AP ACl\OSS STATOR 
POSTS TO SUPPORT CE NTRE 
COliDUCTOR 

1;i-------- ---- ~ 

~"°""'"llfu=====----==z,.3 i 

~,. -
Side Vi1Zw OUTER COHOUCTOR I eox 

12" x 2 l/4• x 2 1/4• WITH CtOSE FITTINC LIO 
AND SOLDERED SEAMS 

Fie. 19.19. Construction of a 14S Mc/s co-a ... ial filte r . 
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Fir. 18.20. Res ponse curve of the 14S Mc/s co-axial fi lter of Fig. 18.19. 

these "overtones,' ' this can be done by making two filters 
of unequal length, so the" overtones" do not coincide, and 
coupling them in cascade with an electrical quarter-wave of 
coaxial cable. Oear.iog in mind that here the aerial presents a 
considerable mis-match, the" overtones" are tmlikely to give 
trouble provided they do not coincide with a harmonic. 

Although square section line is shown in Fig. 18.19 for 
case of construct ion, circular s1:ct ion is equally suitable, or 
strip line which can be conveniently bent ro und inside a large 
chassis in order to compress'' 70 Mc/s line to a smaller s ize. 
Silver plaLcd copper is the ideal material but even Li npla te 
can give a useful performance, although the Qu is naturally 
lower. 

The performance of a fil ter built to the design of Fig.18.19 
is shown in Fig. 18.20. 

Filter for Br oadcast Receive r 

A filter circuit suitable for prolecling a broadcast receiver 
from transmitters working on the lower frequency bands is 
shown in Fig. 18.21. The theoretically correct capacitance 
values are given but in pract ice good results will be obtained 
by choosing the nearl'.st slandard values. If the induclances 
LI, L2, and LJ arc p:ovidcd with adjustable iron cores they 
can be set so that the resonant frequencies of LI Cl and L3C5 
are eacb I ·9 Mc/s and the resonant frequency of L2C3 is 
3·65 Mc/s. Since few broadcast receivers have a coaxial 
input socket this particular filter is provided with terminal 
connections; it cannot be overstressed tha t the leads between 
the filter and the receiver must be as sbort as possible. 

Mains Filter s 

The usual type of r.f. mains filter is not designed to work 
into a specific load resistance and the component values are 
not critical. A typical arrangement for protection from H.F. 
transmitters is shown in F ig. 18.22. For use with a receiver 
the coils may be made by winding 100-200 turns of 18 s.w.g. 
enamelled wire on a ! in. diameter former while the capaci-



A 

Fis. 18.l l. C i,.cu it .and layout of a fow-pau filte r su it.able for use 
w ith:& m edium.wave b roadns t receiver. 

Suueste<I 
Calculated values nominal volue.s 

Cl, CS 327 pF 330 pf 
Cl, C4 357 pf 360 pf 
CJ ... ••• .. . 26·2 pF 27 pf 
LI, LJ, 21 ·45µ H : SO turns 32 s.w.g. enamelled copper wiro on Aladdin 

fo rmer typo F804 with dust-iron core. 
Ll, 71 ·7 µ H: 90 turns 38 s.w.g. enamelled copper "1i ro on Aladdin 

former type F804 with dust-iron core. 
R, 400 ohm, t watt (I 0% tolerance). 

tors may have a capacitance of 500 pF to 0 ·005 µF : they 
should have a mica dielectric and for a 240 volt supply their 
voltage rating should be at least 750 volts. If the perfomiance 
is not entirely satisfactory an improvement may be obtained 
by removing the earth connections from capacitors: this 
is expecially worth trying when the earth lead is a long one. 
In some cases the chokes alone will suffice. 

If the receiver has a three-core mains cable it may be 
necessary to fit a choke in the earth wire and rely on a 
separate earth for the aerial system. 

Commercia l suppressors arc avai lable for installing in 
mains leads and these are often very effective. A suppressor 
suitable for protection on medium and short waves should 
be chosen where the problem is to reduce TYi from amateur 
traMmissions. Filters should always be installed as close to 
the receiver as possible to minimize the risk of pick-up on the 
leads following the filler. 

Attenuators 

Although not strictly a filter, an attenuator can often have 
a similar effect on interference due 10 receiver non-l inearity 
such as cross-modulation and overloading. Sometimes, 
when the tro\1blc is due w a local signal on an adjacent 
frequ ency, a fi lter is not suitable and an a t1c11uator is ihe 
only cure external 10 the receiver. In the case of a 1elevision 
receiver where a high pass filter would be desirable an 

r-----~---------, 
I I ; r 00000000, ~ i 
~------- -------~ 
! \ \ 000000002.!--
I I 

~--- --------- · ---~ 
fi11. 18.22. A typical r ·f. filter for insertion in malns tupply leads. 

Se:e text_for dct~il1. 
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attenuator can l>e quickly and cheaply made up to effect a 
temporary cure. 

Details of convenient attenuators for 80 ohm Jines are 
given in Fig. 18.23. For other impedances the standard 
formulae should be used and the values rounded o ff to the 
nearest 5 per cent preferred values. 

0 

Fis. 18.23. Simple attenuators. 

RI R2 i Rl 

IOdb 150 120 56 
15db 120 220 100 
lOdb 100 390 200 

The Effect of Mistermination on Filter Pe rformance 
The performance of the conventional (Zobel) filter is 

calculated on the assumption that ii is terminated in a highly 
theoretical z •. If the termination is the more practical R., 
1.e. the low frequency value of z., the performance is not 
greatly modified. For example if the filter is provided wilh 
m-0·6 end half sections, the main effect is a reduction of up 
to IOdb in the stop band loss. 

Conventionally, a filter is designed with an R. of 75 or 
52 ohms, and it is most important that it is correctly termin
ated at the operating frequenc" in order to prevent damage 
to the fi lter. In general this correct termination has no 
predictable efl'ecl on the termina tion at other frequencies, i.e. 
the actual attem1a1ion of a harmonic will vary from the 
predicted figure for R •. In particular if the length of feeder 
exceeds about 50 ft. the termination seen by the fi lter can 
vary widely over a TV channel, so that TV! checking is 
desirable at several nor equally spaced frequencies through
out each band. 

Obviously, it is important to find the magnitude of this 
deterioration in performance. It is theoretically possible to 
find a filter termination for which the filter acts as a matchine: 
section, i.e. all the attenuation is lost! This can only happe~ 
away from an " infinite frequency," since a para((cl trap in 
series, or a series trap in parallel is always a fairly good 
attenuator, and the probability of the worst case termina tion 
being produced by a practical aerial system over any range 
of frequency is remote. Very little work has been done on 
the problem but Reference [I] suggests a reduction of J4 to 
I 8db which agrees reasonably with the lOdb reduct ion due 
to changing from z. to R0 • Thus the reasonable practical 
procedure seems to be 

(i) Design for 10-20db excess attenuation, using m 
derived sections for all sensitive frequencies. 

(ii) Minimise the feeder length. 
( ii i) Make checks at several randomly spaced frequencies 

in each band. 
(iv) If the filter performance seems poor, try lengthening 

or shortening the feeder slightly. 

Reference 
[I) " High F requency 250 kW Broadcasting Tr:.insmittcr," 

Morcom & Dowers, Proc. I.E.£., February 1966. 
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CHAPTER 19 

MEASUREMENTS 

CORRECT operatio n of amateur radio equipment 
involves measurements to ensure optimum perform

ance, to comply with the terms of the amateur transmitting 
licence and to avoid interference to other users. The purpose 
of these measurements is to give the operator information 
regarding the condition under which his equipment is 
functioning. Basically, they are concerned with voltage, 
current and frequency. For example, in even the simplest 
transmitter it is necessary to know the grid drive to the 
various stages (current measurements), the input oower to 
the p.a. (current and voltage measurements) ano the fre
quency of the radiated signal. 

If apparatus is to be designed and constructed to give 
reliable and optimum performance, a considerable range of 
measuring equipment may be desirable. While it is possible 
to make do with onJy one or two simple items of test gear, 
this chapter describes equipment for a.c., d.c., and r.f. 
voltage, current and power measurements, wavemeters and 
frequency standards and a number of more sophisticated 
items for both transmitter and receiver measurements. 

O.C. MEASUREMENTS 

The basis of most instruments for the measurement of 
voltage, current and resistance is the movi11g coil meter in 
which a coil of wire, generally wound on a rectangular 
former, is mounted on pivots in the field of a permanent 
magnet (Fig. 19.1). The coil experiences a torque propor
tional to (i) the current flowing through it and (ii) the 
strength of the field of the permanent magnet. Current is fed 
to the coil through two hairsprings mounted near to each end 
of the spindle. These springs also serve to return the pointer 
to the zero position (on tbe left hand side or its travel in 
standard meters) when the current ceases to flow. Provision 
for adjusting the position of the pointer is made by a zero 
adjuster accessible from the fronl of the instrument. 

Since the movement of the coil a nd its associated pointer 
is proportional to the field of the magnet and that of tbe 
current being measured, the scale is linear. A minor dis
advantage is that the instrument can only be used on d.c., 
but it can be adapled to measure a.c. with a suitable rectifier. 

FIELD 

MAGNET 

COIL WOUND ON ALUMINIUM 
FORMER FOR EDDY CURRENT 
DAMPING 

SOFT IRON POLE PIECES 

Fig. 19. 1. Constructio n of the movinr coil meter. 

It is usual to damp the coil system (i.e. prevent it swinging 
freely after a change of current), a common method being 
to wind the coil on an aluminium former which then acts as a 
short circuited single turn coil in which the eddy currents 
serve to oppose tbe movement. The degree of eddy current 
damping is also dependent on the external resistance across 
the terminals of the moving coil and is greatest when the 
resistance is low. lt is a wise precaution to protect sensitive 
instruments not in use by short circuiting the terminals. 

When a moving coi l meter is used for measurin g current it 
is called an ammeter. millin111111etcr or microammeter depend
ing on its full scale deflection (f.s.d.). A d.c. voltmeter is a 
milliammetcr or microammetcr equipped with a voltage 
dropping (series) resistor. 

Mill iammeters 

Milliammeters and microammeters are commonly manu
factured with basic full scale deflections of 0-50 µA, 0-100 
,,A, 0-500 µA, 0-1 mA, 0- 5 mA and 0-10 mA. For higher 
current ranges, a s/111111 resistor is conncctcc' :icross the meter 

MULTIPLIER 

SHUNT 

(a) (b) 

fi g.19.2. Extending the ranee of the m.c. meter. (a) T o read higher 
current with n parallel shunt. (b) To m1tasuro voltage with a series 

resistor or multiplier. 

(Fig. 19.2(a)). T he value of 1he shunt may be obtained from 
the formula 

Rm 
Ra = n - 1 

where Rs is the resistance o r the shunt, R,. is the resistance 
of the meter and /1 is the scale multiplying factor. 

For example, if a milliammeter of 10 ohms resistance and 
a f.s.d . of 1 mA is to be used to measure 100 mA, a shunt 
must be provided to carry the excess current, that is, 100- 1 
milliamperes ( = 99 mA). Thus the required resistance of the 
shunt is 

10 10 
R8 = 

100 
_ 1 = 99 - 0·101 olun. 

When moving coil meters are used in circuits where high 
voltages arc present (i.e., in p.a. anode circuits) care must be 
taken to avoid accidental electric shock from the zero 
adjuster which may be live. If the instrument is of the flush 
mounting type the front of the meter may be covered with a 
piece of clear plastic about rr in. thick. 
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Vo ltmeters 

A milliammeter may be used to read d.c. voltages by 
connecting a resistor, termed a 11111/tip/ier, in series with it 
(Fig. 19.2(b)}. The value of the multiplier depends oa the full 
scale deflection of the meter and may be calculated from 
Ohm's Law. 

For low voltage ranges, the value of the multiplier can be 
obtained from 

R8 - RJI ( v: -l ) 

where R11 is the resistance o f the multiplier, RM the resista11ce 
of the meter, V is the required voltage and V JI the voltage 
across the meter (this can be detem1ined by applying Ohm's 
Law to the resistance of the meter and current flowing 
through it). ln practice, however, the resistance of tJ1e meter 
can be ignored and the formula' simplifiecl to 

R .1000 V 
a - --1-

where Vis the desired voltage range and I is the f.s.d. of the 
meter in milliamps. 

For example, a 0-5 mA meter is to be used as the basis of a 
voltmeter to read 100 volts. Then 

1000 x 100 
R3 == ---

5
--- = 20,000 ohms 

It is usual to describe the sensitivity of a voltmeter in 
ohms per volt; in the example considered above, the meter 
reading I 00 volts for a full scale deflection of 5 mA would be 
said to have a sensitivity of 200 ohms per volt . In practice, 
such a sensitivity is too low for accurate measurements in 
radio and electronic equipment due to the current drawn 
and a more sensitive meter would therefore be chosen as the 
basis of the instrument. The lowest sensitivity which can be 
considered satisfactory for amateur purposes is 1000 ohms 
per volt (requiring a 0- 1 mA meter) but sensitivities of 5000, 
10,000, 20,000 and 100,000 ohms per volt are common for 
accurate work. 

Whenever a voltage measurement is made on a circuit of 
appreciable resistance, the current taken by the voltmeter 
should be considered to ensure that the operating con· 
ditions arc not significantly altered by connecting the 
voltmeter. 

T he accuracy of a voltmeter depends largely on the 
accuracy of the multiplie rs. Precision resistors are the most 
suitable but rather costly and may be replaced in home-built 

Fii. 19.l(a.). MC3.S urement of resi st.a.nee with a simple ohmm eter. 
In l b) VRl "to adjust t_he tenaitivlty of t he meter to compensa te for 
a dt'op in ba.tter-y volta1e. In both circuits VRI is for settin1 t he 
meter to full sea.le deflccdon wlt.h the terminals X short circuited. 
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VR I 
1011. 

[J
·5V 

RI 
sn 
10'/• 

TO UNKNOWN 
RESISTO~ 

Fig. 19.4. Circuit or tho direct rc::a.dinr low resist:a.nce ohmmeter. 
RI should be " high stabili ty r esistor of 4 watt rating. Rl should 
be 10!>0 ohms less tho internal resistance of the meter. The ter 
m ina ls A and B should be insulated and have large contact 

areu. 

equipment by l per cent close tolerance carbon resis tors of 
adequate power rating. A lternatively, a supplier may be 
persuaded to select suitable va lues from normal stock. 

It should be no ted that even high stability resis tors may 
change in value by several percent wi th time; if an instru
ment is required to main tain high accuracy for an extended 
period only wire wound resistors of suitable low temperature 
coefficient materia l should be usect. 

Measurement of Resistance 

The measurement of resistam.:e 1s based on Ohm's Law, 
two common arrangements being shown in Fig. 19.3(a) and 
(b). It will be seen that each circuit comprises a battery in 
series with a milliammeter. a resistor VRI aad aa unknown 
resistor X. Jn practice. the tem1inals across which X is 
connected are first short circuited and VRI adjusted until 
the meter reads full scale. W hen the resistor X is connected 
across the terminals, the meter reading will fall; calibration 
can therefore be carried out by connecting a nwnber of 
resistors of known value across the terminals in tum and 
marking the scale accordingly. Alternatively, a graph re
lat ing meter current and resistance can be prepared. 

An instrument designed for resistance measurements is 
termed an ohmmeter and may have several ranges. 

The resistance ranges in multimeters are based on these 
simple c ircuits but are not very accura te below about 5 o hms. 
Such inaccuracy is partly due to the resistan..:e of the connect
ing leads. 

A c ircuit a rrangement suitable for measuring low resist
ances and different i ~t ing between them and short circuits 
is shown in Fig. 19.4 The instrument measures resistance up 
to 5 ohms by comparing the voltage drops across a s tandard 
resistor and the unknown resis to r when the same current 
flows through both. By select ing n 5 ohms resistor as the 
standard (RI) and using a 0-500 1•A meter as a 0-0· 5 volt
meter. it is possible to use the ca librated scale. each 100 µ.A 
(0· I volt) division representing I ohm. The value of R2 
should be !000 ohms less the internal resistance of the 
meter. 

The leads from A and B terminate in strong crocodile clips 
and those from C and D in sharp test prods. 

The method of operation is as follows. With the meter 
switch at SBT and the variable resistor VRI at maximum, the 
unknown resistor is connected across terminals A and B. 
YR I is then adjus ted so that the meter reads full scale. 



CROCODILE CLIP 

0 

TO ·o· TO"B" 

Fie. 19.S. Use or the low resistance ohmmeter or Fi1. 19.4. 

The switch is next moved to the READ position, the meter 
then indicating the resistance of the unknown resistor 
directly. 

An example of the use of the instrwnent is illustrated in 
Fig. 19.5 where the resistance between a solder tag and 
chassis is to be found. Tenninal A is connected to the chassis 
and B to the wire to the tag at any point; terminals C and D 
are corn1ectcd to the chassis as near to the joint as possible. 
Jn this way, the same current tiows through the standard 
resistor Rl as through the joint and the resistance of the 
connecting leads to A and B does not affect the reading. 

A.C. MEASUREMENTS 

The moving coil meter can be adapted to mc..1sure a.c. 
by the addition of a suitable rectifier such as the copper oxide 
type. Such a meter will read a.c. of audio frequencies, 
indicating the average value, 0·636 of the peak value of a 
sine wave. 

Commercial a.c. instruments of the rect ifier type are 
calibrated in R.M.S. values assuming a sine wave and hence 
read incorrectly if used on any other wave form. 

In conjunction with a ther1110-co11ple, a moving coil 
instrument can be used to read alternating currents of both 
audio and radio frequencies. The thermo-couple is a jW1ction 
of two dissimilar metals which, when heated, produces a d.c. 
voltage. The junction is heated by the current to be measured 
passing through a " heater" to which it is a ttached. A dis
advantage of the arrangemeot is that low current readings are 
rather severely compressed and it is necessary therefore to 
have several instruments if widely different currents are to be 
measured. Thermo-couple instruments read true R.M.s. 

values irrespective of wavefom1. Unless specially designed, 
such instruments become less accurate as frequency in
creases due to the effect of the shunt capacitance. 

I 

The Avo Multi minor test instrument whi ch uses a. printed 
circui t. 

(Pho10 by courtesy o( Av• Lid.) 

MEASUREMENTS 

The hot wire n111111e1cr is also designed to m ake use of the 
heating effect of a current through a wire. In this case, the 
wire is supported at both ends and kept under tension by a 
fibre attached to its centre and loaded by a spring. The cur
rent through the wire causes heating and expansion to take 
place so that a spindle, round which the fibre is wound, 
moves a pointer across a scale. The heating effect is in
dependent of the type of current and both a.c. a nd d.c. may 
therefore be measured. Despite its simplicity, the instrument 
is now rarely used as it is rather inaccurate. 

The moving iron meter is useful for measurements on a.c. 
circuits (40-60 c/s) where the current taken is unimportant. 
In these iostrumenls fixed iron and moving iron elements are 
mounted in the magnetic field at the centre of a coil through 
which the current to be measured is passing. Under these 
conditions, a mutual repulsion exists between the two parts, 

The H eathkit Solid· 
State Voltmete r Type 

IM-17. 
(Pho10 by courtesy Dor· 

strom ltd.) 

the moving iron being deflected, thus indicating on a scale 
the current measured. 

The deftection obtained is approximately proportional to 
the square of the current or voltage measured (i.e., ii is a 
square law instrument). The scale divisions are thus close 
together at the low end of the scale and opened out at the 
higher. This means that accurate readings cannot be taken 
at the low end but the open scale at the top is sometimes 
useful. For example, a moving iron meter with a full scale 
deflection of 250 volts would be excellent for reading small 
changes of voltage on a nominally 240 volt mains supply 
but would be useless for measuring voltages below about 50V. 

Mult irange Meters 

A number of shunts and multipliers selected by a switch 
can be used in association with a single basic meter to form 
a multiraoge instrument (often known as a 11111/timeter) 
measuring current and vol tage. Meters of the type illus
trated on this page, adapted to measure resistance as 
well ns a.c. and d.c. voltage and current are available from a 
number of manufacturers at prices dependent largely on the 
size of the meter scale and the sensit ivi ty of the movement. 
Kits are also available. 

A multirange merer can be constructed in two u11i1s, the 
first containing the 0-1 mA meter movement with switches 
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1 .. A 

Rl2 

I 
I 
I 
I 

: SI 
Rl5 IOOK 

RIO 
2SK 

RS 
IK 

RI 
6·Qll 

0·124.IL 

RS 
0·06Ul. 

I 
I 
I 
I 
I ___ J 

SOOK 

+ 

Rl4 
SOOK 

Rl3 
2SOK 

2SV 

IOOOV 
sz 

IOV 

RO 
IOK 

IV 

~~SV 
COHHON 

Fig. 19.6. Basic multimeter unit rcadinr current to IA d .c., volt"llCS to 1000 V d.c. and resistance to 20,000 0 . 

to select various shunt and series resistors to give six d.c. 
current ranges up to 1 amp and eight d.c. voltage ranges up to 
1000 volts. An internal battery provides an ohms range 
readable up to 200,000 ohms which corresponds with the 
first division of the meter (0·02 mA). A chart relating scale 
readings to resistance values is housed in the lid of the box. 

An add-on unit contains a meter rectifier with associated 
switched series resistors to give four a.c. voltage ranges up to 
1000 volts while additional shunt and series resistors extend 
the d.c. ranges to 10 amps and 5000 volts. When using the 
add-on unit the main instrument is set to measure 1 mA full 
scale and the add-on uni t connected to its terminals by the 
lugs. The two units could, of course, be mounted in a single 
box if desired. 

SKY DC 

vtl~S IOA DC 

R21 
SEE 

RZZ TEX T 

S£E 
TEXT 

IOA + + HV 
DC DC 

Fig. 19.7. Add on unit to ex tend the range of mc:uurcmcnu provided 
by the circui t of Fig. 19.6. 

19.4 

The circuit diagrams and component values of the two 
units are shown in Figs. 19.6 and 19.7. The series resistors 
are I per cent tolerance high stability types while the shunts 
are made of lengths of Eureka resistance wire. The values of 
the shunts are correct fol' a meter or 60 ohms internal 
resistance but would need modifying for any other meter. In 
any case, the precise value of each shunt should be adjusted 
experimentally to give the correct reading against a meter of 
known accuracy. Care should be taken to allow the shunts 
to cool to room temperatul'e after soldering in position before 
any calibration is attempted since thei r resistance will be 
modified by temperature. 

VALVE VOLTMETERS 

Even in its simplest form, the valve voJtmeter is of great 
value in amateur stations, especially those in which experi
mental work is the main interest. One of its most useful 
applications is the direct measurement of voltage across the 
grid resistor of any stage drawing grid current, which makes 
it unnecessary to provide jacks, meters or their associated 
decoupling components in the grid return circuit. D ue to its 
high input resistance, the valve voltmeter enables potentials 
of a fraction of a volt and upwards to be measured with little 
or no disturbance to the circuit to which it is connected. Dy 
the addition of a simple probe, r.f. voltages may be measured 
as easily as d.c. 

In addition to its high input resistance, the valve voltmeter 
has the advantage that large deflections may be obtained on a 
relatively insensitive meter movement. It is also much less 
susceptible to damage by a heavy overload than a sensitive 
voltmeter of the normal type. 

SIMPLE VALVE VO LT METER 

Fig. 1!>.8 shows the circuit of a simple but reliable instru
ment. In some aspects the design is not ideal, but it will be 
found adequate for the demands which most amateurs are 
likely to make upon it. On the credit side, it will work from 



almost any receiver or other low-voltage power supply, 
becausP. it is not unduly sensitive to variations in h.t. voltage. 

Layout is not critical, although it is advisable to use a 
ceramic or p.t.f.c. valveholdcr because of the high resistance 
in the grid circuit al the lower voltage ranges. For the same 
reason, a ceramic switch wafer is most suitable for the 
range switch SI which should naturally be mounted on the 
front panel, as should VRI , the zero-adjusting control. S2 
is provided so that the polarity of the micro-ammeter Ml 
may be reversed, thereby allowing both positive and negative 
voltages to be read directly. This control is usefu l rather 
than essential, and if it is included it should be lilted on the 
front panel. VR2 is used lo adjust the calibration of the 
instrument. Normally it can be set initially and then ignored, 
so it may be mounted anywhere on the chassis and should, 
for convenience, have a slotted spindle. 

Adjustment is quite simple. The instrument should be 
allowed to wam1 up for 10 or 15 minutes, and then 
VRI should be adjusted for zero deflection or the meter. 
While this is being done, it is desirable to short the tip of the 
cl.c. test probe to the chassis. It will be noticed that unless 
the prod is earthed, the meter need.le will tend to stray a 
little on the two lower voltage ranges due to hum pick-up. 
This is a natural effect with most valve voltmeters and need 
cause no misgivings. (The resistance of many of the circuits 
to which the instrument is likely to be connected will be low 
enough to nuJlify all tendency to error under practical 
working conditions.) A I ·5 volt dry cell of proven accuracy 
should then be placed across the input. With the range 
switch set to the l ·5 volt range and S2 at the correct polarity, 
VR2 should be adjusted until the meter reads l · 5 volts. As 
a final check, the polarity of both the battery and S2 should 
be reversed and the reading noted. If it is unchanged, all is 
well. If not, the valve is out of balance and should be 
changed. A very small amount or unbalance may or course 
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RS O·IM Rl2 RIJ 
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Fie. 19.8. Simpl ified valve voltmeter. The mete• Ml (0-,500 µA 
r.s.d.) should be calib•ated 0-1·5 and 0·6 volts. R l-R7 should be I 

per cent tolerance. SI sho uld have cer~m ic insulation. 

MEASUREMENTS 

External ;appearance o( the :1..c. valve voltmeter. 

be tolerated, but that is a ma!ler for each individual con· 
structor to decide for himself. ll is wise to age the valve by 
running it for at least 24 hours or so before carrying out final 
calibration. 

The probes are more or less self-explanatory. Quarter
inch flexible coaxial cable makes good test leads, and 
although Rl4 may be a little difficult to attach securely to the 
inner conductor, it should not be omitted, because it serves 
to isolate the circuit under measurement from the self
capacitancc or tbe test lead. This enables d.c. to be measured 
in the presence of r.f. without upsetting the r.f. operation of 
the circuit. The alternative test probe allows r.r. to be 
measured in the presence of d.c. The germanium diode 
should be tested for high reverse resistance, otherwise mis
leading results may be obtained. C l should be capable or 
withstanding the highest d.c. voltage which it is likely to 
meet. RI 5 and C2 play no part in the operation or the probe; 
they are merely a low-pass filter to prevent r.f. leaking back 
into the valve voltmeter itself. 

In operation, a valve voltmeter behaves in the same way as 
a more conventional instrument. It is, however, desirable to 
check the zero-adjustment before making a measurement, as 
this is liable to fluctuate slightly. 

A .C. VALVE VOLTMETER 

A more sophisticated valve voltmeter suitable for measur
ing audio and radio frequency voltage up to at least 50 Mc/s 
and providing useful indications at J50 Mc/s is illustrated 
above. It is based on a design evolved by S. W. Amos 
or the BBC. 

The circuit (Fig. 19.9) consists or a diode detector produc
ing a d.c. output voltage proportional to the peak value of the 
applied alternating voltage, followed by a differenl'ial d.c. 
amplifier using a double triode. Considerable d.c. negative 
feedback is applied to each triode which serves to linearize 
the input/output characteristic or the amplifier, and also im
proves the zero stability. Further improvement of zero stabil
ity is obtained by applying the output of a second diode to the 
other input of the differential amplifier. T his type of 
amplifier responds to the difference between the potentials 
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stability resi1tor1 S per cent tolerance ; Rl, R8, s hould be 1 w att 10 per cent tolerance. The value of R4 is 200 ohnu lc.ss tho re
sistance of the meter Ml . RS, 7K ohms: R6, 39K ohms: R7, I 19K ohms: R•. R.S, 116, R7 are t watt rating, RI I, Rll, I watt 10 per cent toter· 

a.nee and Rll I wau 10 per cent tolerance. 

applie<I to its two inputs, thus provided similar diodes are 
used at Vt and V3, changes in the contact potential of the 
diodes will not vary the zero setting appreciably. 

The diode VI and its associated components RI, Cl , and 
C2 are built in the fonn of a shielded probe which is applied 
to the circuit under test when measurements are to be made. 
The input resistance of the probe is 3-4 Megohms and the 
input capaci tance approximately 8 pF. The inpu t capacit· 
a nee would be reduced further by dispensing with the earthed 
shield but this would render the probe very sensitive to stray 
pickup, particularly when the instrument is used on its 
lowest range. An illustration of the probe is shown below. 
Connection o r the probe to the remainder of the circu it is 
made by a fou r-way screened lead termina ted in a four-pin 
valve base which fits a standard rour-pin valveholdcr on the 
panel. 

In use the high and low potential terminals of the probe 
are short-circuited and the meter set to zero by means of the 
potentiometer VRl with the range switch SI a t Range 1. 
The terminals are then separated and the high potential 
terminal applied to the point at which measurements arc 
to be made, the low potential terminal being connected to 
chassis or earth. The instrument should be allowed to warm
up for five minutes or so before setting the zero. 

Calibration may be carried out at 50 c/s. Provided that 
the supply is sinusoidal, the reading of a rec ti fier type volt-

Construction of the probe . .lor use with the a.c. valve voltmeter. 
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meter multiplied by 1·414 will give the peak value of the 
calibrating voltage. Exact adjustment of the full scale 
deflection for each range is achieved by variation of the 
appropriate meter series resistances R4, RS. R6 and R 7 by 
adding an additional resistor in series or parallel with the 
specified resistor. At least two separate scales on the meter 
will be required as the I ·5 volt range is non-linear due to 
curvature of the diode characteristics a t low input voltages. 

BRIDGE MEAS UREMENTS 

If accurate measurements of resistance and capacitance 
arc required, bridge methods are preferable since greater 
accuracy and wider range can be obtained. 

The circuit of Fig. l!>.10 shows a bridge which will measure 
resistance between 10 ohms and 10 Megohms and capacit
ance from 1000 pF to 1000 ,,F. An. unusual reature of this 
bridge is that electrolytic capacitors can be measured while a 
polarizing voltage is applied. The leakage current may be 
monitored at the same time. The bridge is energized from a 
6·3 volt 50 c/s source through the capacitor Cl ; closing the 
swi tch S4 reduces the voltage applied to the bridge and 
assists in locating the balance point. 

When measuring capaci tance, the arms of the bridge arc 
formed by the balancing control RI , the range resisto rs R4-9, 
the series combination R2 C2 and the u nknown capacitance 
X. When measu ring resistance, R2 C2 are replaced by R 3 
and this is interchange<! wi th RI , permitting the same scale 
calibration to be used for both resistance and capacitance if 
R3 is correctly chosen. The output of the bridge is amplified 
by V2 and the signal is passed without rectification to the 
magic eye indicator which shows balance by minimum 
shadow area. All the resistors in the bridge should be high 
stability types and RI should be a good quality wire-wound 
component with a linear winding. 

When measuring electrolytic capacitors a polarizing 
voltage may be applied from the built-in power supply 
through series resistors R 16-2 1 which are selected by S3. 
The actual polarizing voltage applied to the capacitance will 
depend on the leakage current but typically can be controlled 



between 20 volls and 300 volts by S3. The position of this 
switch marked S/C removes the applied voltage and dis
charges tbe capacitor lbrough R22. 

The bridge should first be calibrated on capacitance and it 
is convenient to do this on the lowest range since close 
tolerance capacitors are readily available in low values. A 
set of 1 per cent capacitors capable of giving values of 1000 
pF, 2000 pF, etc. to J0,000 pF are required since the lowest 
range measures 0·01 f'F foll scale. The capacitance calibration 
wi ll then be correct for all six ranges thus measuring up to 
I 000 /kf. The bridge should be switched to measure resistance 
by the change-over switch S2 and the range switch set to the 
highest capacitance range which corresponds to the lowest 
resistance range. This will measure 100 ohms full scale. A 
single close-tolerance resistor in the range 10- .100 ohms 
should be connected across the bridge and the dial set to 
read the known value using the calibration determined for 
capacitance. The value of the resistor R3 should now be 
adjusted for balance when all resistance ranges will corres
pond to the scale markings established for capacitance. 

R.F. CAPACITANCE BRIDGE 

A bridge operating at 50 c/s is not suitable for measuring 
smail values of capacitance because their reactance is too 
high at this frequency. The following bridge operates at 
1·5 Mc/s and is suitable for measuring capacitances down 
to I pF and up to 1500 pF. The circuit, Fig. 19.ll is 
a vers ion of the Wheatstone bridge and is energized from 
a Colpitts oscillator at about I· 5 Mc/s. The output of 
the bridge is rectified and applied to a magic eye indicator V2 
which is arranged to be fully open when the bridge is balanced. 

Calibratio n 

The calibration of lhe bridge is quite easy, a ll that is 
required being a few accurate capacitors. The following 
capacitors are needed and they should be good quality s ilver 
mica wi th a tolerance of ± I per cent ± I pF: 5, 10, 25, 50, 

Fl 

rI N/Off 
WITCH Al6 1122 

27K IK 

240V 0-IOIOA 
AC 

MEASUREMENTS 

. ~@ 
BALANCE ~ 

TEST 
RANGE 

Typ~ of pan~I layout suitable fo r resistance/capacitance bridge. 
instrt.1ments. 

JOO, 250, 500, 1000 pF. (Suitable types arc made by Radio
spares Ltd.) 

Wiih these standards it is possible to calibrate the bridge 
throughout its range. Proceed as follows. Start on the 
lowest range and with no capacitor connected across the 
terminals, adjust Cl for balance. This point should be 
marked zero. (This is to balance out the stray capacity. If it 
is not possible to obtain a balance-the eye must be fully 
open- solder a small capacitor, aboul 5 pF, across the 
terminals un til a balauce can be obtained.) Next connect lhc 
5 pl" standard to the test terminals using the shortest possible 
leads and adjust Cl for balance, mark scale 5. Repeat !he 
process using the 10 p F standard. Next solder the two 
together a nd repeat, marking the scale 15. 

2Ul 

-;-

Fig. t9.10. Circuit diagram of the resist:ance/ c3pacicy bridge .. Note CJ should read O·t1Lf. C4 should re:ad O·Ot µ F. 
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VI 
EF91 

Cll 
270pF 

47K 

C9 
0.001 

CIO 
0·001 

":' 

ri MRI 

IAAINS ~] 
":' 6 ·3V 

E* 
This process should be carried on over the complete range 

of the inslrumcnt, changing ranges where necessary. Each 
range should overlap the previous one to give complete 
coverage with no gaps. If it is found that there are gaps, C4, 
CS, C6 or C7 should be altered to give unbroken coverage 
from zero to 1500 pF. 

If a straight line capacitance type component is used for CJ 
it will be found that the calibration is linear and any points 
which have been missed, such as 20 o r 200, can easily be 
interpolated into the scale. 

All the components of the bridge should be mounted as 
rigidly as possible, and once lhc bridge has been calibra ted 
they should not be moved. The specified 2 pole 6-way switch 
a llows the indicator to be used from an external source 
and to be switched to zero input during standby periods and 
for comparison. It is a help if Cl is fitted with a slow 
motion drive since the null is quite sharp. All the wiring 
should be run in straight Lines to keep stray capacity to a 
minimum. 

RADIO FREQUEN CY BRIDGE 

The need for an instrument which will measure impedance 
is felt at some time or other by every experimenting amateur. 
The instrument normally used is the full r.f. bridge, but 
commercial r.f. bridges arc elaborate and expensive. On the 
other hand, it is possible to build a simple r.f. bridge which, 
provided its limitations are appreciated, can be an inexpen
sive and most useful adjunct in the amateur workshop. In 
fact, it is essential if experiments with aerials are undertaken. 
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HT+ 

"'"~ R4 RS 
470K ISOK 

V2 
EM81 CRI 

0A79 0 

R2 R3 co 
IOOK IM 0 ·001 

Fig. 19.11. Cir cuit di3cram of t ho 1•5 Mc/s bridge. 

Cl. 4, S, 6, 7, s i lvcred mica: CS, 9, 10, 11 , ceramic: CS2, 350 volt e lectro .. 
lytic : LI, M axl·Q Red l miniature duo.I purpose coil ; MRI , 250 volt 
15m A contact cooled rectifier; SI, l pole 6 way; T l, 250 vo lt 15 mA, 

6·3 volt IA. All rcsistoro are t watt ntinr. 

LI, medium·wave 01dllator coil. 

The instrument described here will measure impedances 
from 0 to 400 ohms, at frequencies up to 30 Mc/s. It does 
not measure rcactancc nor show whether any reactance 
present is capacitive or inductive, but a good indication of 
the reactancc present can be obtained from the fact that any 
reactance will mean a higher minimum meter reading. 

There arc many possible circui ts, some using a potentio
meter as the variable arm and others variable capacitors, 
but a typical circuit is shown in Fig. 19.12. The capacitors 
have to be differential i.o action, mounted in such a way that 
as the capacity of one decreases, the capacity of the other 
increases. The capacitors should be the type which have a 
spindle protniding at either end, so that they can be con
nected together by a coupling. To avoid hand capacity 
effects, the control knob 011 the outside of the instrument 
should be connected to the nearest ca1mcitor by a short 
length of plastic coupling rod. These capacitors fom1 two 
arms of the bridge, the third am1 being the 100 ohm resistor 
and the fourth the load. Balance of the bridge is indicated 
by a zero reading on the meter M I. 

The construction is simple. The bridge should be totally 
enclosed in a metal box and the screening indicated in Fig. 
19.12 incorporated. AU the leads should be kept as short 
as possible. 

On completion, the instrument is calibrated by placing 
across ihc load terminals various non-reactive resistors (i.e. 
not wire wound) of known value. T he calibration should 
preferably be made at a low frequency, where stray capacity 
effects arc at a minimum, but the calibration holds good 
throughou: the frequency range. 



ln using the instrument, it should be remembered thafau 
exact null will only be obtained on tbe meter when the 
instrument is looking into a non-reactive, resistive load. 
When reactance is present, however, it becomes obvious 
from the behaviour of the meter: swinging the control knob 
it will be noticed that, although there is a minimum reading: 
a complere null cannot be obtained. 

The r.f. input to drive the bridge can be obtained from a 
grid dip oscillator or o ther small oscillator of about 1 watt 
input power. The oscillator is coupled to the bridge by a 
short length of coaxial cable, terminating in a link coil of 
about four turns, which is placed on or near the g.d.o. co.il. 
Care should be taken not to overcouplc or the g.d.o. may 
change frequency or even stop oscillating. As the coupling is 
increased, it will be seen that the meter reading of the 
bridge increases up to a certain point, after which further 
increase in coupling causes the meter reading to fall. A 
little less coupling than that which gives the maximum 
bridge meter reading is the best to use. The bridge can be 
used to find aerial impedance and can be used for many other 
purposes : for example, to find the input impedance of a 
receiver on a particular frequency. 

One useful application of this type of simple bridge is to 
find the frequency at which a length of transmission line is a 
quarter or half-wavelength Jong, electrically. If it is desired 
to find the frequency at which the transmission line is a 
quarter-wavelength long, the line is connected to the bridge 
and the far end of it left open-circuit. The bridge control is 
set at 0 o luns. T he dip oscillator is then adjusted until the 
lowest frequency is found at which the bridge shows a sharp 
null. This is the frequency at which the piece of transmission 
line is a quarter-wavelength long. Odd multiples of this 
frequency ca11 be checked in tbe same manner. In the same 
way, the frequency at which a piece of transmission lioe is a 
half-wavelength long can also be found. T he procedure is 
the same, except tha t the far end of the transmission line is 
shorted instead of being left open. T he method in both 
cases is illustrated in Fig. 19.13. 

T he bridge can also be used to check the characteristic 
impedance of a transmission line. This is often a worth
while exercise, since appearances can be misleading. The 
procedure is as follows: 

(a) Find the frequency at which tbe length of transmission 
line under tes t is one quarter-wavelength long. Once 

RF 
INPUT 

4.7K 
1/2 w 

HIGH STA& 
100.n 

LOAD TO BE 
MEASURED 

Fig. 19. 12. Simple r.f. b ridac. Cl, Cl form a diffcrantial capacit or 
w ith maximum value of 168 pf in each s e ction. 

MEASUREMENTS 

r-----:i...-~ -i 
BRIDGE I 
J1~~MT~M ~---- OPEN 

(a) 

.------!-":---~ ___ ,,.., 
G°"- 1 BRIDGE ~ >------'"'---C SET TO j 
<.::.../ MINIMUM t-----------1. 

B 
CLOSED 

(b) 

GOO 

Fig. 19.13. Method of using the r.r. bridge to determine the frequenoy 
at which a t.-.ansn1 ission line exhi bit.s a quarter or half .. wavc charac· 

toristic. 

this has been done, leave the oscillator on this fre
quency. 

(b) Select a carbon resistor of approxima tely the same 
value as the probable~charnctcristic impedance of the 
transmission line. Substit11te this resistor for the 
transmission line as the bridge load and check its 
va lue at the frequency obtained in (a). (This will not 
necessarily agree with iLs d.c. value). 

(c) Disconnect the resistor from the bridge and re-connect 
the transmission line. Connect the resistor across the 
far end of the transmission line. 

(d) Measure the impedance now presented by the trans
mission line at the frequency of sub-paragraph (a). 
Then the characicristic impedance z. of the Line is 
given by 

z. = vz, x z. 
whereZ, = impedance presented by the line and Z, = 
resistor value. 

FREQUEN CY M EASUREM EN T 

It is important to know the frequency to which a receiver is 
tuned and the frequency of a signal radiated by a transmitter; 
in particular, it is necessary to be quite sure that the signal is 
withiD the amateur band in which operation is taking place. 

For this purpose, a crysta l controlled oscillator is almost 
essential as a reference by which a v.f.o. can be calibrated. 
Even if tbe transmitter is directly controlled by a crysta l of 
certified accuracy, it is necessary to ensu re that the trans
mi!ter is working on the correct harmonic of the crystal and 
fo r this purpose an absorpt ion waverncter is convenient. 
When constructing new equipment, it is most helpful to be 
able to check the resonant frequency of the twied circuits 
before power is applied; this can be done with a grid dip 
oscillator. 

Standar d Frequency Services 

Even when a crystal oscillator is used as a calibrati.on 
source, it is necessary to set it against a frequency standard 
as the actual frequency obtained from a crystal depends 
slightly on the circuit conditions. Standard frequency 
transmissions arc provided in the United Kingdom by 
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Fig. 19. 14. Modulation ochcdules of standard frequency stations. 
FFH (Paris) transmits on 2·5 Mc/s from 08.00-16.30 UT on T uesdays 
and Fridays, IAM (Rome) on 5 Mc/s from 07.30-nS.30 UT and IBF 
(Turin) on 5 Mc/s from 06.50-07.30 UT and 10.SO·ll.30 UT Mondays 
to Saturdays, HSN (Nouchatel) or 5 Mc/s, MSF (Rugby) on l ·S, Sand 
I 0 Mc/sand OMA (Prague) on 1 ·5 l"lc/s are in continuous operation. 
MSF and HBN operate on :t timt··sharing basis on S Mc/s but are 
si lent from m inutes 55·60 in c_ach l1our to permit reception of time 
sicnah from RWM-RES ( Moscow) at every even hour (UT) dur ing 

the cay. 

transmissions from MSF at Rugby on 2·5, 5 and 10 Mc/s 
while the BBC lninsmitter al Droitwich on 200 kc/s is 
a lso maintained at a very 1ccurale frequency. SimiJar 
services in the USA arc provided by WWV on 2.5, 5, 10, 
15, 20 and 25 Mc/s and some of these signals arc normally 
receivable in the UK. WWVH io Hawaii operates on 2·5, 5, 
JO, and 15 Mc/s. 

The transmissions from M~ .F on 5 Mc/s :i re oo a time· 
sharing basis with I-I.ON ( Neu< hatcl) in accordance with tbe 
schedule shown in Fit:. 19.14 whicb a lso shows the hourly 
schedules of Olher 'landard ficquency transmissions useful 
in Europe. From 0- 5 minute! past each hour, MSF trans· 
nuts carrier and seconds pulses. from 5-9! minutes past each 
hour there is no transmission and from 9~10 minutes past 
each bour, MSF transmits its call-sign and the amount of 
the frequency offset (in parts iJ1 1010), each given three times 
in slow Morse. The cycle is repeated six times ia each hour. 
MSF also transmits on 60 kc/s from 14.29 to 15.30 UT daily. 

Absorption Wavemeters 

Ao absorption wavemeter cJnsists simply of a calibrated 
tuned circuit which absorbs power from the circait being 
measured when the circuits are tuned to the same frequency. 
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The power collected by the wavemeler can be made to light 
a small lamp or operate a sensitive meter. With the wave
meter resonated to the circuit to which it is coupled; some 
energy is absorbed from that circuit. If the wavcmeter is 
held close enough the r.f. current induced into it will be 
sufficient to light the bulb. Thus, provided that the wave
meter has been previously calibrated, it is only a matter of 
tuning for a resonance indication on the bulb and reading 
off the frequency. 

A low power stage may not be capable of providing enough 
r.f. power to Light the bulb. Under such circumstances 
resonance indication can be obtained from the anode 
current of the low power stage which will rise when the 
wavemctcr absorbs energy or a dip in the grid current o f lbc 
next stage. 

6°3 V 
0·3A 

COUPLING TUN\rlNG COIL t 
COIL \ 

$ ~ 'oo, 

=:;-\\.wAVEMETER FRAME 

Fir. 19.15. Abiorption wavemeter for 1·5-JO Mc/s. 

ABSORPTION WAVEMETER FOR 1·5-30 Mc:/s 

The circuit of a simple absorption wavemeter for l ·5-30 
Mc/s is shown in F it:. 19.15. Jt will be seen that the wave
meter frame is connected to one side of the tuning coil, 
coupling coil, and tuning capacitor. Ao ordinary 6 V. 0·3 A. 
bulb is used to indicate resonance. A lower consumption 
bulb would provide a more accurate indication, but the type 
specified is more robust and will withstand greater overloads, 
while showing a sufficiently sharp resonance point for all 
practical purposes. 

The tuning capacitor is mounted directly on the front 
panel, while the tuning coil ho lder (an octal valve socket) is 
off-m ounted from the front panel by the use of two lapped 
aluminium distance pieces. Two still lengths of copper 
wire attached to the coil socket support the bulb holder. 

View of the wavemeter of Fi~. 19.I S showing the sc.ale cursor, 
r•1onance indicator lamp and spa.re coils_. 



tntarnal construction of the absorption wavemete r. 

This is better than a more rigid method of mounting, because 
the location of the bulb with reference to the metal capacitor 
cover can be easily adjusted. The cover is cut from 20 s.w.g. 
tin plate, bent t.o the required shape and soldered. 

T he coil formers arc made from octa l va lve bases, forcc
fltled into a bakelizcd paper tube 2~ in. long by Ii in. in 
diameter (internal diameter tin.). After fitting, the tube and 
base should be cemented together. 

TABLE 19.1 

R:.nre T unine Coil C ouplin1 Coil Wire 

t·S--i Mc/s 80 turns 6 turni 32 s.w.g. en>m. 
1-12 Mc/s 19 turns 3 turns 21 s.w.g. cn:am. 
12-30Mc/s 61 turns 2! turns 22 s.w.g. cn2m . 

The coils should be wound in accordance with the da ta 
given in Table 19.1. The illust rat ions show the type of 
construction. 

Calibration 

Calibration may be carried out with the aid of an oscillator 
or a calibrated receiver. As most amateur stations have an 
accurately calibrated communications receiver, this method 
wi II be described. 

With the receiver switched on and the aerial connected. a 
signal is tuned in at the low frequ~ncy end of the band to be 
calibrated. A coupling coil consis ting of a few turns of 
sufficient diameter to s lide over the wavemeter I uning coil 
is connected in series with the ;:ierial 'fhc S meter reading 
should be observed while the wavcmcler is s lowly tuned: at 
one point the read ing wi ll drop, indicating that s ignal fre
quency energy is being absorbed. This point can now be 
marked on the prepared dial of the wnvemeter. The receiver 

Fie. 19.16. Circuit di•rram of the v.h.f. wavemeter. Cl (4- 50 pf) 
is a type C.804 manufactured by Jackson Bro1. M s ho uld have a f.s.d . 
of 1-2 mA. RFCt, RF Cl 80 turns 40 1.w.1. en•melled wire wound 

on 1 wat.t. resistor of IK ohms or more and "·ax dipped. 

MEASUREMENTS 

is then tuned to the next signal higher in frequency, and the 
process is repeated until finally the whole dial is calibrated. 

Some receivers are not fitted with an S meter, in which 
case the b.f.o. should be swiiched on, an a.c. rectifier type 
voltmeter being connected to the phones terminals of the set. 
A signa l is then tuned in until the beat note provides a 
convenient reading on the voltmeter. As before, the wave
meter (coupled to the receiver aerial) should be tuned slowly 
until a dip occurs in the reading, indicating a calibration 
point. 

When calibration has been completed, the dial may be 
removed and pem1ancntly marked with Indian ink, after 
which it should be replaced and covered with a protective 
sheet or ~. in. Perspex, held at the corners by 6 BA screws 
tapped in to the front panel. Perspex or the same thickness 
is also used for the dial cursor, a centrnl hairline being 
engraved on it with a stylus. 

The size of the front panel is 2! x 3! in., and the capacitor 
cover box is 21 x 2k >< Ji in. The resonance indicator bulb 
is pushed through a hole drilled in the top or t.he cover, and is 
protected from shock by n rubber grommet .. 

For checking any apparatus which has a power output or a 
-} watt or more, the bulb will indicate resonance quite 
satisfactorily, but where output is low, :is in the local 
oscillator circuit of a receiver, a meter inserted in the grid
leak earth return will dip as the wavemeter is tuned through 
resonance. Alternatively, a milliammeter may be inserted 
in the anode circuit of the local oscillator valve, and this will 
give an increased reading as the wavcmeter is tuned 
through resonance. 

SIMPLE ABSORPTION WAVEMETER FOR 6S·l30 MC/S 

The absorption wavcmctcr circuit shown in Fig. 19.16 is an 
easily built unit covering 65 to 230 Mc/s and can therefore 

V. H.F. absorption wavcmeter- with its indk;itin&: meter. 

be used lo check frequencies in Band 11 (F.rn. broadcasting) 
and Bar.d Ul (Television) in addition to 70 and 144 Mc/s 
stages in amateur v.h.f. transmitters. The appearance of the 
wavemeter with its associated indicating meter can be seen in 
the photograph. 
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~· 12swg COPPER J~---- - 4"-- · 

Fii. 19.17(a). Details of the inductance loop made of 12 s.w.g. co pper 
wire. The dimensions: should be closely fotlowed if the C"alib,..ation 
of (b) is to be used. (b) Dial calib.ation. The calibration points 
relative to the base line (anti-clockwis e) are; llO Mc{s-0°: 220 M<;/s-
8": 200 Mc/s-16°: 180 M"/s-20° : 160 Mc/ s-25° : 140 Mc/s-35°: 120 M</s 
-50"; 100 M<;/s-73° : 90 Mc/ s-90": 80 Mc/ s-118°: 70 Mc/s-152°: 65 

Mc/ s-180°. 

Construction is sirai~htforward and all lhe components, 
apart from the meter-are moun1ed on a Perspex plate 
measuring 7 ! in. x 3 in. x k in. Deta ils of the tuned 
circuit a rc shown in Fig. J9. 17(a) and should be closely 
followed. The layout of the other components is not crit ical 
provided they a re kept away from the induct i111ce loop. To 
prevent damage lo the diodt: when soldering. a heat shun t 
should be used. 

For accurate calibration a signal generator would be 
required but provided the inductance loop is carefully con
structed and the knob and scale are non-metall ic, dial 
markings can be determined from Fig. 19. 17(b). These 
should be accurate enough for most purposes. 

ln operat ion, the unit should be loosely coupled to the 
tuned circui t under test and the capacitor then tuned until 
the meter indicates resonance. F or low power osci llators 
a more sensitive meter should be used if available. 

The wavemeter can also be used as a field s trength indicator 

Cl \.op 
RF INPUT 
FROM VFO 

19.12 

IM 
RI 

470 
K 

RS 

when making adjustments to v.h.f. aeria l arrays. A single 
lllrn coi l should be loosely coupled to the wavemetcr loop and 
connected via a low impedance feeder to a dipole directed 
towards the aeria l under test. 

Leche r Lines 
Above about I 00 Mc/s it is practicable to measure directly 

the wavelength a t which a transmitter or oscilla to1 is 
operat ing by using lecher liues which comprise a pair of 
taut parallel wires. spaced an inch or so apart to form an 
open wire transmission line, and a bridge 10 short circuit 
the wires which can be moved along the line as required. 

For transmitter frequency measurement, one end of the 
line is loosely coupled by a loop to the p.a. ci rcui t. Starting 
near the coupl ing loop end of the line. the bridge is slowly 
moved towards 1he open end or the line until a point of 
maximum current in the bridge is round ; this will be indi
cated by a denection on the anode current meter, or by 
observing when a nash lamp and loop loosely coupled to the 
p.a. coil passes through a minimum in brightness. This 
position should be carefully noted and the bridge then 
moved further along the line until the next similar position is 
round. This should be repeated several times until the 
distance between successive positions is the same. T he 
distance between the two points will be one half of the 
wavelength at which the transmitter is operat ing. 

Application or the formula 
15,000 

Frequency !vlc/s - . . .. Distance between bndge posmon in cm. 

will enable the fre{)uency of the oscillation 10 be determined. 
For example, if the distance between the two bridge positions 
is found to be 100 cm. then by substituting in the formula, 

15,000 . 
Frequency = 

100 
Mcfs = I 50 Mc/s. 

For the most sensitive conditio n of adjustment. the Lecher 
lines and the bulb and loop should be very loosely coupled 
to the tank circui t. This is especially important when measur
ing the frequency of a self-excited oscillator whose frequency 
may be altered if the coupling is too Light. Although the 
accuracy of frequency measurement by this method is not 
very high the method is of great use to the amateur as the 
only instrument required is a metre rule. The longer the 
Lecher lines and the further the two minima arc from the 
coupling loop end, the more accurate will be the reading. An 
accurncy of O· I per cent can be atta ined with care. 

Fig. 19.18. Simple crystal calibra· 
tor for the addition to 3. v.f.o. Th e 
inductance L1 is an Osmor type 
O A9. If ncce.ssary, the inductance 
can be increased slightly by 
$queczing the windings closer 
togethe r. Final adjustment of the 
inductance may be made by Yaf7• 
ing the position or the core. RS 
(ll K ohms i watt) is wired direct 
to the v:.i1veholder for Vl to act as 
a para..1itic stopper. T1 is a small 
pentodc output transformer. The 
crystal X is a 100 kc/s unit and 
detai ls of the circuit should be 
given when ordering. S uitable 

vi\lvcs arc V1 EC H 81, Vl EF91 . 



Crystal Calibrator 

When using a variable frequency osciUator the absorption 
wavemeter is invaluable for checking that circuits are tuned 
to ihe correct harmonics but it is not capable of giving a 
sulnciently accurate reading of the actual frequency. lt is 
essential therefore to compare the transmitter against a more 
accurate frequency standard and the obvious choice is a 
crystal-controlled oscillator. 

CALI BRATION UN IT FOR A V.F.O. 

A simple way of adding a crystal-controlled calibrating 
unit to a v.f.o. is shown in Fig. 19.18. 

The triode section of Vl operates as a JOO kc/s crystal 
oscillator with its anode circuit tuned to the crystal fre
quency. The frequency can be set accurately by adjusting C5 
for zero beat against a standard frequency transmission. 

R.f. from the v.f.o., or preferably from a buffer stage 
fo llowing the v.f.o., is applied to grid one of the hexode 
section of VI , in the anode ci rcuit of whicn the sum ana 
difference frequencies appear. The r.f. components are 
shorted to earth by C6 while the audio frequency beat note is 
amplified by V2. 

Assuming that the v.f.o. tunes from 3·5 to 3·8 Mc/s care 
must be taken to ensure that the lowest frequency giving a 
strong beat note with harmonics of the crystal frequency 
really is 3·5 Mc/s and not 3·4 or 3·6 Mc/s. This should be 
established by feeding a weak signal to an accurately 
calibrated receiver. 

Strong beat notes will be obtained al 3·5, 3·6, 3·7 and 
J·S Mc/s, but there will be weaker responses at 3·55, 3·65 
Mc/s, etc. due to the second harmonics of the v.f.o. Similarly, 
there will be st ill weaker beats at 3·533, 3·567. 3·633 Mc/s, 
etc. due to the third harmonics of the v.f.o. 

10/ 100 KC/S CRYSTAL CAL IBRATOR 

One of the simplest frequ ency standards for use in the 
amateur station is a 100 kc/s crystal oscillator, particularly 
if it is employed in conjunction with a multivibrator to 
provide calibration mar kers every JO kc/s. The circuit 
diagram of an easily built unit of this type is shown in Fig. 
19.19. Accuracy is assured by the use of the 100 pF capaci-

LIN 

IOkc/s HULTI VIBRATOR 

MEASUREMENTS 

33K RFC "l~ 2·SmH -j u ' . . : 9V 
' ... 

200p 

Fie. 19.10. T ransistor I Mc/s crystal oscillator. The capacitors should 
all be silvered mic2 type. LI is 80 t:urns 32 s.w.g. pile wound on a 

l in. diameter former. 

tor in parallel with the crystal which permits the second 
harmonic of the oscillator frequency to be adjusted precisely 
to the frequency of the BBC transmission on 200 kc/s. 

TRANSISTOR I MC/S CRYSTAL MARKER 

A crystal controlled oscillator providing signals every 
megacycle to well above 30 Mc/s Is 'shown in Fig. 19.20 and 
comprises a single transistor, a ( Mc/s crystal and a few 

T op view of GJLRQ Crystal Calib~tor 

small components. lts frequency can be checked by com
parison with Lhe 5 Mc/s transmissio11s from MSF 
or WWV. 

Hr+ 
2SOV T ransistorized Crystal Calibrator 

The crystal calibrator shown above is a more 
elaborate device using a I Mc/s crystal followed 
by dividers to give 100 kc/s and 10 kc/s 
signals. lt can be used to measure frequencies 
of received as well as transmitted signals with 
a high degree of accuracy. The l Mc/s, 100 kc/s 
or 10 kc/s ranges may be selected by the switch 
and passed through an emitter follower to provide 
a low impedance output. 

Fii:. 19.19. Crystal calibrator giving frequency markers every 10 kc/sand 100 
kc/s. An EF91 valva may be used in placa of t he 6A M6, and a 12AU7 for the 

ECC81. 

Referring to the circuit of Fig. 19.21, TRI is a 
Pierce-type crystal oscillator, the output of which 
is fed into the base of TR2. TR2 acts as a switch 
to provide trigger pulses for the first divider circuit . 
The 1 Mc/s output for the emitter-follower is 
taken from the collector of TR2. 
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Fig. 19.21. T he G3LRQ calibrator circuit. T he resistoro m ay all be 1 watt at 5 par cent.tolerance. CJ, C4 :and Cl7 s hould b!' ± 2 pF 
wh ile CS 6 7 9 11 and 13 are ::I; 2 per cent. CI S and Cl8 are ± 5 per cent. VRI IS I K ohms non-onductlvc. Tl , primary, 130 
turns, 38 ~.~.~: , ,;,c. pile wound. Secondary. 65 turns. 38 s.w.f . s.s.e. interwound w ith the la.st 6S turns of the primnry on a -f; i n . diam. 

former with a dust iron core. 

The divider circuits are of the st·cp-counter type, and 
operate in the following manner. CR! conducts on the 
positive pulses from TR2, and C l I ch~rges up a small 
amount, determined essentially by the ratio of CIO to Cll, 
but this pulse is, however, iosumcicnt to make CR2 conduct. 
The positive pulse also appears at TR3 base, and TR3 goes 
into conduction, discharging ClO in readiness for the next 
pulse. On the following pulse, Cl I is charged up further, this 
new pulse being added to the one already stored. Then, 
dependent on the ratio ofR6 to R7, when Cll has received a 
small additional charge several times, as shown in Fig. 19.22, 
CR2 will conduct, discharging Ct I and operating TR4 and 
TR5 which act as a complementary high-speed switch 
producing a negative output pulse at the junction of R6, R7. 

This output pulse is fed to the base ofTR6, which acts as a 
switch in the same manner as TR2, the 100 kc/s output for 
the emitter-follower being taken from the collector of TR6. 

Fig. 19.ll. W aveform on C l I. 

Trigger pulses for the 10 kc/s divider are also taken from 
lbe collector ofTRG, the step-counter comprising TR7, TR8 
and TR9, operating in the same way as the 100 kc/s version. 
Negative-going 10 kc/s pulses are obtained from the junction 
of RI I, Rl2 and, these are fed to TRIO, a switch, in order 
that the same level of signal as the I Mc/sand 100 kc/s out
puts may be applied to the emit ter-follower, TRI I. The 
10 kc/s signal is taken from the collector of'fRIO. 

A switch, SI, is incorporated in the base circuit of the 
emitter-follower, TRI I, to select the desired output. The 
emitter-follower isolates the output from the frequency 
control circuits, in order to prevent any load from affecting 
them. The output is taken from Cl 8, via the potenliomcter 
VRI, which varies it.s amplitude. 
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Alignment 

Two methods of setting-up the calibrator will be outlined. 
one using a receiver, and the other employing an oscilloscope, 

The receiver method is carried out as follows: Connect ihc 
output of the calibrator to the aerial terminal of the receiver, 
from which the aerial should be removed for the entire 
setting-up procedure, except when adjusting the I Mc/s 
oscillator for zero-beat with a standard frequency trans
mission, as outlined below. 

Switch SI to the I Mc/s position, tw1c the receiver to a 
convenient harmonic, e.g., 2 Mc/s, and locate the marker 
with the aid of the b.f.o. Then, switch off the b.f.o., and 
the carrier should easily be heard. With the receiver a.g.c. 
also off, adjust Tl until this carrier has reached its peak 
amplitude; there should be a maximum within the adjust
ment range of the core of Tl . If the receiver has an S meter, 
this task is made considerably easier. The frequency of the I 
Mc/s oscillator can be altered slightly by the adjustment of 
C2 to obtain zero beat when listening to a suitable 
harmonic beating with a standard frequency transmission, 
such as MSF on 5 Mc/s. The 1 Mc/s oscillator circuit is 
then operating properly. 

With the switch SI still in its J Mc/s posi tion, turn the 
b.f.o. on once more, and locate the next harmonic, noting 
the two readings on the receiver tuning dia l (e.g., 2 and 3 
Mc/s). Turn Sl to its 100 kc/s position, and, tuning between 
the two selected harn1onics, there should be heard a series of 
markers. Adjust ClO with an insulated trimming tool until 
nine markers are heard between the two I Mc/s points. This 
adjustment will require a certain amount of care, but 
should not be found too crilical. When nine markers are 
heard between the 1 Mc/s points, the 100 kc/s divider is 
correctly adjusted. 

The setting-up procedure for the 10 kc/s divider is identical 
to that for the 100 kc/s divider except that two adjacent 100 
kc/s points are selected, and C l 4 must be adjusted until nine 
markers are heard between these two points. 

The oscilloscope method lends itself readily to setting up a 
unit of this nature. A fairly low-capacitance probe should be 
used (of the order of 12 pF) to prevent high oscilloscope 
capacities from introducing errors during alignment. The 
position of SI is not important with this process. 

Attach the probe to the collector of TR I (point A in F ig. 



19.21) and adjust Tl for maximum waveform amplitude. 
Adjustment for zero-beat with a standard frequency trans
mission should be carried out as detailed in the receiver 
method. 

With the probe attached to the " live" side of Cl 1 (Point 
B, Fig. 19.21 ), a waveform similar to that shown in Fig. 19.22 
should be obtained, and CIO should be adjusted until a 
display with ten steps is achieved. 

The probe should then be moved to the" live" side of C15 
(point C, Fig. 19.21), and Cl4 should be adjusted until a 
further 10 steps arc obtained on the oscilloscope trace. This 
completes the adjustments to the 100 kc/s and JO kc/s 
dividers. 

The output at the emitter ofTR!l (point D, Fig. 19.21) 
may be observed, and switching SJ should produce output 
pulses of I Mc/s, 100 kc/s or JO kc/s p.r.f. depending on its 
setting. 

Calibrator without 10 kc/s Divider 

Some economy may be achieved by dispensing with the 
10 kc/s divider, the calibrator then only giving outputs of 
I Mc/s, with 100 kc/s marker points. Such a unit would be 
quite adequate for band-edge marking Top Band and 80m, 
and on other bands careful interpolation between 100 kc/s 
points on the receiver tuning dial would give approximate 
readings. For example, the top end of the 15m band is 
21,450 kc/s. Markers would be heard at 21,400 kc/s and 
21,500 kc/s. If the receiver tuning scale were linear between 
these two points, 21,450 kc/s would lie half way between 
them. 

The 10 kc/s divider can be deleted by leaving out the 
circuit enclosed by the dotted lines in Fig. 19.21, and the 
IO kc/s setting-up procedure can then be ignored. 

It is worth bearing in mind that the current consumption 
for the unit is quite high at 30 mA, so that if it is operated by 
a battery, it should only be switched on for the period of use 
to prevent excessive battery current drain. 

Heterodyne Frequency Meters 

The heterodyne frequency meter consists of an accurately 
calibrated v.f.o. complete with a crystal calibrating source. 
ln some cases, the calibrated oscillator must be compared 
with the transmitter v.f.o. using a receiver while in others 
facilities are provided to produce a beat note between a small 
r.f. voltage from the transmitter and the calibrated oscillator 
within the instrument itself. Many amateurs use an excellent 
American instrument of the latter type, the BC22J. 

AMATEUR BANOS FREQUENCY METER 

The circuit of a home-built heterodyne frequency meter is 
shown in Fig. 19.23. Jt achieves a high degree of accuracy 
by using a 100 kc/s crystal sub-standard to check a variable 
oscillator by interpolating between successive harmonics of 
the crystal in the ranges covered. The crystal itself may 
be compared with standard frequency transmissions such 
as those from MSF at Rugby or the BBC transmitter on 
200 kc/s. 

To obtain as open a scale as possible provision is made 
for the coverage of the amateur bands only in two ranges: 
1 ·75 to 2 Mc/s, the second harmonic of which includes the 
3·5 to 3·8 Mc/s allocation, and 7 to 7·5 Mc/s. On the second 

MEASUREMENTS 

range the fundamental, second, third and fourth harmonics 
serve for measurement in the 7, 14, 21 and 28 Mc/s bands. 

The output of the frequency meter is taken from a low 
impedance point and fed directly into the receiver via a 
length of coaxial cable thus preventing to a large extent the 
radiation of oscillator harmonics on television frequencies. 
A simple attenuator enables the output from the instrument 
to be controlled over a wide range. Either a c.w. or m.c.w. 
signal is available. 

The addition of a further oscillator in the circuit provides 
a stable source of oscillations at approximately I Mc/s for 
aid in the preliminary calibration of the meter or for rapid 
checking of an uncalibrated receiver. 

The variable capacitor CI8 in series with the 100 kc/ s 
crystal is for setting its frequency against a standard fre
quency transmission, and is mountc.d on the chassis inside 
the case. lf it is desired to control the frequency of the crystal 
to very fine limits it is suggested that either CJ 8 be mounted 
on the rear drop of the chassis and a hole cut in the back 
of the cabinet for access or a small additional 10 pF variable 
capacitor be similarly mounted and connected in parallel 
with it. 

The purposes ofV2 is to make audible, and V3 to amplify, 
the beats between the crystal oscillator harmonics and the 
variable oscillator when checking the calibration of the latter 
throughout its ranges or to detect the beat note between an 
external oscillator and the variable oscillator as is necessary 
when measuring the frequency of a transmitter. The output 
from V2 is taken across its unbypassed cathode resistor by 
way of an ordinary 500-1000 ohm carbon track potentio
meter. This gives a good measure of control of the signal fed 
to the receiver and, as the source is of low impedance, the loss 
in the coaxial lead is small. To avoid loading the receiver 
input circuit exces.sively, as well as to minimize radiation of 
the frequency meter harmonics from the aerial, it is recom
mended that a carbon resistor of 1000 ohms or so be con
nected between the centre conductor of the coaxial line and 
the aerial terminal of the receiver. 

It is often difficult to pick out a frequency meter signal 
from other strong carriers on a band and it is a definite 
advantage, therefore, to be able to modulate the local signal 
if required. Jn this design modulation is introduced by 
employing V3 as an a.f. oscillator in conjunction with the 
coupling transformer between its grid and the anode of V2. 
The switch S2, cuts the headphone jack out of circuit when 
modulation is applied. 

Good mechanical stability is an essential feature of a 
frequency meter which is to have any pretence to accuracy. 
The dimensions of the chassis arc J 4 in. x 7 in. x 3 in. deep; 
and the general layout is shown in Fig. 19.24. All con
nections are carried out in push-back wire and extensive use 
is made of tic points for mounting the smaller parts to 
prevent vibration. 

No matter how well made a frequency meter may be it 
is next to useless without a dial which can be read clearly to 
the necessary degree of accmacy. To this end a Muirhead 
component similar to that used on the old National HRO 
receiver is used. This dial provides 500 divisions approxi
mately i in. apart with an effective scale length of 12 ft. 6 in.; 
it is to all intents and purposes free from backlash. 

Alignment 
Connect a coaxial lead between the frequency meter and 

a receiver tuned to the 1 ·8 Mc/s band and check that 
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ham1onics of the crysta l are audible. If nothing is heard 
first make sure that Cl8 is not set to too low a capacity. 
Then, with the bandswilch on Range 1 and a pair of high 
resistance 'phones plugged into the frequency meter, make 
sure that VI is oscillating by noting the beats between the 
variable and the crystal oscillators as the tuning is varied. 
Adjust C2 so that 2 Mc/s is reached at almost minimum 
capacity and coincides with one of the crystal harmonics. The 

ZERO Sl!T capacitor, C5 should be at half capacity. Three 
crystal harmonics lower should bring the variable oscillator 
to l · 7 Mc/s and this should be checked on the receiver. If 
the calibration of the receiver is not known to within 
100 kc/s the 2 Mc/s point will have to be found with the a.id 
of the 1 Mc/s oscillator. 

Switch next to Range 2 and locate 7 Mc/son the receiver 
by reference to the amateur band; with the tuning d ial at 
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Fi,. 19.13. Circuit diarram of tho amateur" b3nds heterodyne freq~encr met':r· LI, 16 t urns 24 s.w .1. I in. dia., i in. long, ca.th ode tap 2 t urn s., 
g rid. tap 11 turns from earthy end: L2~ 67 turns 26 s.w.g. enam. I 1n. d1a.. It 1n. loni, ?thode tap S turns, g rid tap 41 turns from earthy 
end • LJ, Osmor type QOS. The h.t.. hnc marked 8 should be d eco upled to e~rth w ith a O·OS ;.LF c~pa.citor. The r;i.nec switch SI is shown 

in the R~ngc I posi6on. Tl, 250-0-lSOV 60 mA, 6 ·lV lA. 
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Fig. 19.24. Layout of the principal com ponents beneath the chassis 
o( the heterodyne frequency meter. 

aboui 20° and C3 at about 75 per cent of its maximum 
capacily, set !he variable oscillator to this point by adjust
ment of Cl. To cover the 28 Mc/s band fully the variable 
oscillator must tune to 7·5 Mc/s and this should occur at 
about 490° on the dial. Some juggUng with the capacities of 
Cl and C3 wi ll be called for before the required range" fils" 
the dial, the operation being similar to ganging a receiver. 
Cl is adjusted a t the high frequency end and C3 at the low. 

Calibration 

First, the crystal oscilla tor should be checked against 
one of the standard frequency transmissions, MSF on 5 
Mc/s being convenient. At the same time the 1 Mc/s 
oscillator can be adjusted, its tuning range (by variation o f 
the iron core of L3) being insufficient for a mistake to be 
made on the fifth hannonic. Should the receiver cover only 
lhe amateur bands the accuracy of the crystal may be checked 
by reference to the 200 kc/s transmitter on a broadcast re
ceiver, C18 being carefully adjusted until the quality of 
speech and music arc barely affected. 

On Range I note the dial readings for zero beat for l ·7, 
1 ·8, l ·9 and 2 Mc/s and either draw a graph or record them 
in a book. 

Calibration of Range 2 should be carried out in a similar 
manner between 7 and 7·5 Mc/s ru1d will be possible to deter
mine the 50 kc/s points without difficulty. Interpolation 
between these points may be considered to be linear for 
most purposes but if the user wishes to ascertain the 25 kc/s 
posi tions exactly the receiver should be tuned to the 28 to 
29·7 Mc/s band where t·he variable oscillator appears to 
tune four limes as fast as on the fundamental and therefore 
each coincidence between the osciJJator and the 100 kc/s 
points will represent a movement of 25 kc/s at the funda
mental frequency. 

It will be found that some slight changes tak.e place from 
time to time in the frequency of the variable oscillator and 
these should be corrected before readings are taken by 
setting the dial for the previously ascertained reading for the 
100 kc/s point nearest to the frequency it is required to 
measure and setting the oscilla tor stage (VI) accurately to 
zero beat by means of capacitor CS. 

The tuning rate on Range J, assuming coverage from I ·7 
to 2 Mc/s, is I! divisions per kc/s and on the 28 Mc/s band 
nearly 4 kc/s per division. On the latter range, if full coverage 
to 29·7 Mc/s is not required, the tuning rate may be con-
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siderably improved by setting CJ for greater bandspread. 
lf a modulated 1101c cannot be obtained the connections 

lO either the primary or secondary of T l should be reversed. 
The modulation frequency depends largely upon the capacity 
of Cl2. The 0·007 i•F capacitance used in the original model 
was obtained by series connection of 0·05 and 0·01 µ.F 
capacitors, but this would not be necessary if a s:.tisfactory 
note were forthcoming with the aid of a single component. 
Tl is not critical and almost any transformer with a ratio of 
between 3·5 and 5 to I should be satisfactory. A change 
from these ratios would almost certain ly require a d ifferent 
value of Cl2. 

Use 

To measure the frequency of a n external oscillmor a short 
wire probe may be necessary and should be plugged into 
either the end of the coaxial cable or the output socket so 
that the incoming signal can be hcterodyned by the variable 
oscillator. The Jailer is corrected, if necessary, at the 
nearest crystal harmonic to the unknown frequency but 
when actually taking a re11cling both the crystal and 1 Mc/s 
oscillators should be otT. 

FREQUENCY MARKERS FOR THE t44 MC/S BAND 

The normal crystal calibrator is o f limited use on the v.h.f. 
bands because its output is very small at v.h.f. and also 
because its h.f. output will be received strongly by the 
tunable i.f. which forms part of most v.h.f. receivers. To 
overcome this problem, it is necessary first to generate the 
higher order ham1onics of the markers and then amplify 
them selectively in the required band. A suitable design is 
shown in Fig. 19.25. The 1 Mc/s oscillato r a nd its buffer 
amplifier are transistorized and built into a screening box 
remote from the rest of the calibrator. After the 6AK5 
amplifier, the l {vlc/s signal is fed into the 6J6 triode amp
lifier in the harmonic generator where it is m ixed with the 
outputs from the 10 kc/sand 100 kc/s Multivibrators . The 
harmonic generator uses GEX66 two d iodes but any similar 
joint contact types wi ll be suilablc. The output from the 
diodes is fed to an EF9 1 (6AM6) which is an ampHfier with 
its anode circuit luncd to 145 Mc/s. The calibrator output 
is taken from a link on this coil via a coaxial cable to the 
converter. A trioclc-J)Cntode such as an ECF82 (6U8) could 
be used instead or !he 6J6/C:.F9 l combination if preferred. 

The harmonic generator is a high impedance device and is 
thus rather prone to picking up other frequencies from 
receiver local oscillators, etc., which give rise to many 
spurious beats in the 2m band. Lt is essential, therefore, to 
screen the two diodes and !he associated resistor and 
capacitor in a small can and to keep the leads short and close 
to the chassis. The ou1put coil and !lining capacitor in the 
anode circuit of the EF9 1 (6AM6) arc also in a screening can 
to eliminate stray pick-up. These precautions result in only a 
very few spurious signals being found between 144 and 146 
Mcfs, and these are weaker than the 10 kc/s markers. 

The rest of the calibrator is qui te conventional except that 
the I Mc/s oscillator is transistorized and encased in a well 
lagged 1in remote from the rest of the equipment. Tlie buffer 
amplifier transistor is also incorporated in the tin and the 
unit is coupled by coaxial cable to the rest of the calibrator. 
The l Mc/s crystal o~cillator is adjusted to 7cro beat with 
MSF or WWV and enables frequencies to be measured on 2m 
to an accuracy of ± 500 c/s. 
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The <omplet~ cryscal calibrator. T l and Tl should re1onate at I Mc/s, the link windincs, which are not 
critic:al, being formed from a fe:w turns of wire coupled to the resonant w indings ; LI, tuned to 145 Mc/s. 

is 3 turns of 18 s.w .r . wire, l in. diam.,+ in. lon1: Ll, I turn output link windine coupled to LI. 

If an output is required for tbc lower frequency bands it 
could be taken from the anode or the 6J6 amplifier at high 
impedance or via a cathode follower if a low impedance feed 
is required. 

Grid Dip Oscillators 
Another type or frequency measuring device which is 

extremely useful is the grid cl ip oscilla tor. This is really 
nothing more than a calibrated oscillator which can be tuned 
over a wide range of frequencies and which has a moving coil 
meter indicating the grid current. If it is coupled to an 
external tuned circuit the grid current meter will dip when the 
oscillator is tuned to the reasonant frequency of that circuit 
because the circuit will absorb energy from the oscillator, 
thus reducing the amount or r.f. feedback to the grid and, in 
consequence, reducing the grid current. 

S inc.:e the grid dip oscillator provides its own r.r. energy 
it does not require the circuit being checked to be energized. 
It is therefore useful for checking the resonant frequency 
of tuned circuits, r.f. chokes and aerial systems. The g.d.o. 
is also useful as an absorption wavemeter, signal monitor or 
simple signal generator. 
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A TRANSISTORIZED DIP OSCtLL.ATOR FOR 0·85-tSO MCJS 

The circuit of a typical dip oscillator which is simple to 
build is shown in Fig. 19.26. 

Basically, the circui t comprises a multi-frequency range 
transistor oscillator, covering 0·85 to 150 Mc/s in seven 
ranges, using plug-in coils, a diode detector and a transistor 
d.c. amplifier operating a meter. The unit contains its own 
9 volt battery, the" g.cl.o." actua lly running from a 6·8 volt 
Zener-stabilized line, an arrangement which helps to reduce 
tbe effects of battery voltage variation. The total current 
consumption is 5 mA. A generous overlap is provided 
between tbe frequency ranges, L2, L3, L4 and L7 covering 
two amateur bands each and L5 three amateur bands 
(Table 19.2). 

The oscillator circuit (Fig. J9.35) is a grounded-collector 
Colpitts, with only part of the tuning capacitance tapped 
for connection to the emitter. If the 15 pF variable capaci
tor Cl, shown ganged to the 150 pF variable C2 in the 
circuit diagram, were in fact fixed, the coupling or the tran
sistor input and output circuits to the tuned circuit would 
vary with rotation o f the main 150 pF tuning capacitor, the 
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effective positive feedback 
falling as the value of the 
tuning capacitance was in
creased. The combination 
of the stray capacitances in 
the circuit with the ganged 
J 5 pF variable capacitor re
sults in almost constant feed 
back being obtained over 
all ranges except the highest 
frequency one, where the 
feedback mechanism is some
what different. The required 
value of the capacitance Cr 
varies with the frequency 
range in use and so the 
appropriate value of CF is 
built into each coil range. 
lncrcasing the value of c,. 
reduces the feedback ratio. 

Fl1. 19.26. The G3HBW dip o ocillator coverinir O·BS-ISO Mc/ .. The r.r. tran1i1tor TRI io an inexpensive 
v.h.f. type m;anufactured by Motorola. Alternatively, the AFI02, AFI 18, AFl39, AFZll, 2Nl742, 
G M0290 or GMOl78 may be u1ed. S I is provided to enable the dip oscillator to be used as a sensitive 
w;avemete r. CRI may be a GEXll, GEXH, OA70, OA71 or simi lar diode. CRl may be any small 
6·8V1Zener diode. The 1an11ed capacitor Ct and Cl can be obtained from Jackson Bro1. (London) ltd. 

The reactaoce of the 3·3 pF 
coupling capacitor C6 and 
tho essentially resistive impedance of tbe diode and its load, 
form a potentiometer which delivers a nearly constant d.c. 
to the base of TR2, except on the highest frequency range, 
where the meter reading is reduced to about one third of full 
scale deflection. The coil is used as part of the d.c. return 
circuit for the oscillator transistor emitter current to avoid 
shunting the greater part of the tuned circuit with the t ·5 mH 
r.f. choke. 

Provision is made to remove the d.c. supply from the 
oscillator transistor when required so that the g.d.o. may 
be used as a sensitive wavemeter and also as moni tor by 
employing the 'phones jack in the cl.c. amplifier collector. 

Construction 

The dip oscillator is built i11to a small 18 s.w.g. aluminium 
box, provided with a close.fitting, flanged lid, tbe box and 
lid being available ready made from H. L. Smith & Co., 
281 Edgware Road, London, W.2. 

The coils for each range plug into a socket on one end of 
the box. Ordinary three-pin battery plugs and sockets are 
used, the plug being glued, and then forced into a length of 

Paxolin tubing of suitable diameter on which the coil is 
wound. 

Tbe battery is mounted Ill a small clamp inside the lid 
and connected to the g.d.o. proper by means of flying leads. 
A normnl toggle switch is used for the main on-off function 
and a small slide switch to select either ODO or WAVEMBTBR 

operation. T bis was done so that there would be no con· 
fusion as to whether the instrument was switched off or not, 
which might have occurred if two similar switches had been 
used. Any type of insulated jack socket may be utilized, 
provided that it is of the shorting variety. 

First, the Perspex dial cursor and aluminium battery clamp 
should be made according to Fig. 19.27 (a) and (b) respective· 
ly. It is necessary to be very careful when cutting and drilling 
the 1'r in. thick Perspex sheet. A band drill is to be preferred 
to a power-operated one to avoid the risk of splitting. 
The large centre hole should be opened out from a suitable 
smaller size with a repairman's reamer or a round file. 
A useful ancillary to be employed when marking the rual 
may be made from 18 s.w.g. aluminium sheet of the same 
dimensions as the Perspex cursor. Mark and drill the holes 
as in the cursor proper, using the latter as a marking-out 
template. Draw the centre line on the aluminium strip along 

TABLE 19.2 

Coll W lndlnc Oetallo 

Coll No Rans• Mc/1 N o. of turnt S.W.G. Forme r o .d. Former Len1th Windinir Lenath CF total 

I 0 ·85 to 2·0 180 28 i in. <f.1- in. 3i'z in. l x IOOOpF 
(close wound) 

2 1·8 to ~·O 5~ 28 i in. 2* in. .. w m. 
(clos• wound) 

2200 +820pF 

3 3·~ to 8·0 27 ll -t Jn . 2i in. i In. 2200 + 680pf 

4 6·7 to 16 13 22 tin. 2f in. t In. 3300pF 

5 13·5 to 34 6 ll t in. 2f in. i in. llOOpF 

6 33 to 85 3 18 wind on f in. 
drill 

shroud i In. 
long 

(Ht Fie. 19.29(d)) 

coil t in. lone 330pF 

7 SO to ISO I 18 (See Fie. 19.29(<)) 68pf 

19.1$ 
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·•-SCRIF>ED LINE ON 3Ji
6
" 

CENTRE LINE l 

HATER I AL : 18 swg ALUHINJ~rET 

cursor (a) . HATE RIAL: Vi&. THICK PERSPEX SHEET 

Fi1. 19.l7(a). The perspex cursor dimensions, and (b), the method 
of formin1 the battery clamp. 

its greater dimension and then mark out and drill four t€ in. 
diameter holes along this centre line, at distances of *· §-, 
fl- and I in. from one end. Finally, cut carefully a long the 
centre line, through the four holes and as far as the centre 
hole, with a fine hacksaw, 

When making the battery clamp, preform the inner bends 
first and then the outer, finally marking and drilling the boles. 
The holes may now be drilled in the box and lid (see Fig. 
19.28). The four holes for fixing the lid should be marked 

I 
I 
I 
I :,, .. Sidcz 

l.~13116 
R~PEAT THESE HOLES ON OPPOSITE SIOE 

out through the corresponding holes in the box and then 
drilled and tapped 6 BA. 

The shaft of the tuning capacitor is cut off so that only 
about -ftin. of its length is left protruding. Both capacitor 
trimmers, if fitted, are then opened out to their fullest extent 
and the capacitor is mounted in the box by means of three 
4 BA countersunk head screws, not more than t in. long, 
using two 2 BA full nuts on each as spacing washers and 
screwing tightly into the tapped holes in the capacitor end
plate. If the screws used are too long, they are liable to damage 
tire vanes of tire capacitor beyond repair. Before the capacitor 
is bolted home, insert a i in. long 6 BA cheesehead screw into 
the lug fixing bole for the slow-motion drive. the head of the 
screw being inside the box. Next, the operating shaft of the 
slow-motion drive is cut off so that only about t in. of it 
remains, the drive is fitted over the capacitor shaft and the 
slotted lug is bolted to the box, using a single 6 BA spacing 
washer and a 4 BA nut as packing, between the lug and the 
box. The clamping screws may now be tightened on the 
capacitor sbafl by manipulating a small screwdriver through 
tJ1e hole in the side of the box, which has been provided for 
the purpose. 

A scale disc, 2t in. in diameter is made from thin card or, 
better, from n in. thick white plastic sheet, such as Ivorine, 
and a -;'\ in. diameter hole is made in the centre together 
with two 8 BA clearance holes t in. apart, so that the disc 
may be screwed to the drive flange, using two 8 BA f.r in. 
long, countersunk head screws. The two tagstrip-mounting 
screws are tin. long and serve also to support the lower end 
of the Perspex dial cursor, with two U in. long pieces of ftr in. 
o.d., 21 s.w.g. wall brass or aluminium tubing as packing 
pieces between the top of the box and the cursor. The other 
end of the cursor is supported in a similar way using two 
more 6 BA screws. nuts and pieces of tubing. 

I 
I 
I 
I 
I 
1 End L _______ _ 

DRILLING KEY 
'A' - 3/4•01A 
'81 - s1a· DIA 
'C ' - 1/2" DIA 
'0'- 7/16"01A 
'E' - 4BA CLEARANCE 

COUNTERSUNK ON 
OUTSIDE FACE 

'F' - OA CLEARANCE 
'G' - 68A CLEARANCE 

COUNTERSUNK ON 
OUTSIDE FACE 

'II'- 68A CLEARANCE 
'J' - 88A CLEARANCE 

COUNTERSUNK ON 
OUTSIDE FACE 

HATERIAL : lhwg ALUHIHIUH SHEET 

Fi1. 19.18. Drlllin1 details suitable for a standard 6i X l tl- x lff in. aluminium box. The cursor is 'spaced above the top or the box, over 
the 1low motiQn <trivo which is also mounted on th«:i: exterior Qf the box. 



Wiring up the g.d.o. is a simple process. First, the double 
tagstrip arrangement should be partially completed as a unit 
inserting R4, RS, R6, CS, C6 and CR l but not TRl. Then 
bolt the tagstrips in position in the box. Connect R l, R3, 
C4, R2, C3, RFC and also the interconnecting wires between 
the tuning capacitor, coil socket and tag-strips. T he parallel 
pair, R2, C3, should be brought up vertically from coil 
socket connection 2, between connection l and the pin 
sockets of 2 and 3. The 2N3323 transistor, TRI, may ihen 
be soldered into position using a heat shunt to protect the 
transistor. Next, attach R 7, RS and TR2 to the centre 
tagstrip and R9 and CR2 to the slide switch. Two unused 
poles of the d.p.d.t . slide switch are used as anchoring points 
for R9. 

Coil Construction 

The general arrangement of the various coils is shown in 
Fig. 19.29. For the five lowest frequency ranges, covering 

?18' % x %"Yo PAXOLIN TU&£ 

CLUE 

FEEDBACK 
CAPACITOR 
OR CAPACITORS 
Cf 

(a) 

2 I 3 

_r%"11ssw9 

~lz-t: ·ti 
1 • 

VIEWED AT ENO 
OPPOSITE TO PINS 

( b) 

c,~ 
r'~I 

COIL COIL 
(NEAR ENO ) (FAR END 

OF TU&E OF TU&E) 

L6 
(d) 

Fie. 19.19. The coil assemblie1, the five lower ran1e1 are wound on 
PaxoHn tubes, while ran1es 6 and 1 are airwound. 

0·85 to 34 Mc/s, the form of construction shown in Fig. 
19.29(a) is adopted. The v.h.f. coils, L6 and L7 are made 
self-supporting, as shown in Figs. 19.29(d) and 19.29(c) 
respectively. In all cases, the feedback capacitor (or capaci
tors) is mounted on the plug base, its wires being soldered 
into the pins. 

First, cut one 4! in. length and four 2! in. lengths of t in. 
o.d., i in. thick wall Paxolin tubing, filing the ends at right 
angles and smoothing them off. Take the longest tube and 
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drill -k in. diameter holes -fr in. and 3i· in. from one end on 
a line along the length of the cube. Do the same with tbe 
four :ihorter lengths, drilling the boles f1r in. and 1t in. from 
one end. Remove the burrs and sharp edges from these boles, 
both inside and out. Now cut off and file square two lengths 
of t in. o.d., rr in. thick wall Paxolin tube, both t in. long 
(the other size of tubing will do if this is not available). 
Take the seven aluminium plug-shrouds and, supporting 
them carefully with a pair of narrow-nosed pliers, cut off the 
constricted portion with a fine hacksaw, leaving a -& in. 
length of the i in. o.d. aluminium tube portion with, of 
course, the four tabs still attached. Square off the end 
remote from the tabs and file a small chamfer on the outside 
at this end to provide a lead, when inserting into the Paxolin 
tubes. Put a smear of Durofix on tbe outside of the 
aluminium tubes and then force each of tbem into one of the 
five longer Paxolin tubes, at the end remote from the holes, 
so that a +.s in. length of the aluminium tubes, together with 
the four tabs, are left p rotruding. When the glue is dry, the 
coils may be completed. 

The three lowest-frequency coils are close-wound (Table 
19.2). Winding the coils for Ranges 1 and 2 is made easier 
if a simple procedure is adopted. Start at the plug end, 
passing the 28 s.w.g. wire through the hole and then tem
porarily anchoring the free end with Sellotape, hold the plug 
end of the former in the left hand and wind on about ten 
turns at a time, with a smaU spacing. Then, keeping the 
tension on the wire with the right hand, use the index finger 
of the left hand to push the turns together. When the 
coil is completed, pass the free end of the wire through the 
hole and anchor it temporarily with Sellotape. as at tbe start. 
The beginning and end turns of the coil may be secured with 
adhesive Melinex tape if desired but ordinary SeUotape 
should not be used for a permanent job, as it is hygroscopic. 

The coils for Ranges 4 and 5 should be spaced out after 
winding to fill the available winding space. Take both ends 
of the coil down through the plug end of the tube, cut off so 
that only about l in. is left protruding and then bare the 
whole of this length, sliding an inch or so of loose-fitting 
sleeving on to each lead. Take the feedback capacitor appro
priate to the range (Table 19.2). If two or three are required, 
parallel them as shown in Fig. 19.29(a). Then pass one 
capacitor lead into pin 3 of a plug base, cut off and solder in 
position, leaving the capacitor pointing away from the plug 
base, as shown. Bend the other capacitor lead over and push 
into pin 2, but do not solder. Then offer up the plug base to 
the coil, pushing the coil leads into the appropriate pins, cut 
off the leads and solder. Test the coil in the g.d.o. before 
folding over the tabs. 

The coil for Range 6 is wound on a i in. diameter drill or 
rod as a mandrel. The forms of construction of L6 and L7 
are self-evident from Figs. J9.29(d) and 19.29(c). The two 
short pieces of i in. o.d. Paxolin tubing already prepared are 
used as protecting shrouds for these two v.h.f. coils. The 
finished appearance is shown on page 19.22. 

Testing and Calibration 

The circuit connections should first be checked carefully. 
If all is well, plug in the Range 1 coil (0·85 to 2·0 Mc/s) and, 
with the function switch set to ooo aud the tuning capacitor 
at mid-scale, switch on. A meter reading of from 0·5 to 0·7 
mA should result. lf no meter reading is produced, try the 
next Range 2 coil. Should success still not be obtained, 

19.21 



RSGB-RADJO COMMUNICATION HANDBOOK 

check the polarity of the detector diode CR!, whose red 
(positive) end shotLld be connected to the chassis. Correct 
operation of the cl.c. amplifier may be ascertained by 
momentarily bridging the collector <U1d base connections on 
the TR2 tagstrip with a 470 K ohm resistor, which should 
give a reading of about 0·4 mA on the meter. If this is 
successful, listen for the signal from the g.d.o. on a receiver. 
If nothing is heard, disconnect one end of CRl and listen 
again, as a diode with very poor reverse characteristics may 
prevent osciJJalion. Using methods such as these, the fault 
should be localized. 

When all the ranges have been made to osciUate, check the 
frequency coverage, which should not differ by more than a 
few per cent from the frequencies quoted in Table 19.2. 
If the frequencies all seem too low, particularly at the h.f. 
ends, the trimmers on the tuning capacitor have probably not 
been =screwed. It will usually be found easier to break the 
strip leads to the trimmers with a ~mall pair or pliers, or 
unsolder them carefully. 

19.22 

Complete tr<J.nsi1torizcd dip 
oscillator. Coils should be 
handled with care, prefer. 
ably at the base, and 
mounted on a sbnd a.s 
shown to avoid d am age 
which could res ult in c:~li bra ... 

tion e r..-or.s. 

T he greatest meter deOection is usually obtained near the 
h.f. end of Range 3 or 4. This should be almost full scale. 
lf the deflection is too large or too small, it may be adjusted 
by reducing or increasing, respectively, the value of R7. 

lt may, perhaps, be found that some coil ranges will not 
oscillate over the whole of the tuning capacitor travel; 
usually the h.f. ends arc affected. If only one or two ranges 
arc defective, the value of the built-in feedback capacitor 
should be reduced by about 5 or 10 per cent. However, if 
several ranges are unsatisfactory, a 2N3323 transistor or 
exceptionally low gain may have been used for TRl and, in 
this case, it should either be changed or the value of the 
negative feedback resistor, Rl , should be reduced to 56 ohms 
or even lower, until the trouble is cured. 

Check all the coil Ranges 1 to 7 in the oscillator, tuning 
right round on each range. The indicated currents should 
vary smoothly across each range, without spurious clips or 
peaks. It will be found possible on any particular range to 
use the self-resonance of the coil two ranges lower to check 



The und erside of the tr;ansist or dip osci llato r . 

the g.d.o. action. Oscillation should be completely s topped 
at resonance, with only moderately close coupling between 
the coils. The meter deflection on Range 7 becomes rather 
small below about 60 Mc/s, but only the upper portion is 
required, in any case, as the Range 6 coil covers the fre
quencies below 85 Mc/s. 

The g.d.o. is now ready for calibration. Four concentric 
circles are drawn on the dial, using differently coloured ball
point pens. T he radii of the four circles are, respectively, 
t , U, 1 and 1 f1 in. The capacitor is then completely un
meshed and a line is drawn along the diameter of the disc. 

The easiest method of calibration is to listen for the g.d.o. 
signal on a general coverage receiver. Above 30 Mc/s, a 
2 or 4m receiver may be used and, by listening to harmonics 
of the g.d.o., the sub-multiple frequencies as well may be 
checked. A TV or f.m. receiver will provide further calibra
tion points. Simple absorption wavemeters may be employed 
to check that spurious signals are not being received. 

Both the upper and lower ha lves of the dial are calibrated, 
reversing the dial-marking template to suit. It is best to mark 
the Range I and 2 calibrations on the outside of tbe ~· in. 
radius circle, Ranges 3 and 4 on the outside of the H in. 
radius circle and so on up to Range 7, leaving one space on 
the outside circle as a " spare." An " H " penci l is probably 
the best writing instrument for this job. 

Grid Dip O scillator for the 430 Mc/s Band 

Many designs exist for grid dip oscillators usina plug-in 
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coils and covering all bands from ! ·5 Mc/s to 144 Mc/s but 
it is not practicable to extend such designs much beyond 
200 Mc/s so that a separate instrument is required for the 
430 Mc/s band. The oscilla tor shown in Fig. 19.30 
uses an A2521 in a Colpitts circuit with the inductance 
connected directly across a split-stator capacito r. The 
instrument covers from 400-450 Mc/s. 

The inductance, which is also the pick-up loop, consists of 
a hairpin of copper ,\- in. wide and t in. long; if the oscillator 
is contained in a closed box, about ! in. of the loop should 
project th rough a clearance hole about tin. diameter. There 
is usua lly no difficulty in coupling th is small loop to the 
circuits to be measured but it is possible to use a low im
pedance line with a small loop at each end if the grid dip 
oscilla tor cannot be brought close to the un known circuit. 

The oscillator is constructed on an aluminium chassis 
measuring 4! in. x 3i in. x 3 in. The layout can be seen 
from the photograph and is not critical provided that leads 
are kept reasonably short. The oscillator requires an h .t. 
supply of about 150 volts a t 8 mA and the grid current, 
which is measured on an externa l meter, is about 0·5 mA.lf 
a ny dips in the grid current are found as the oscillator is 
tuned over tbe band, this can usually be reduced by modi
fying one or more of the chokes. 

U sing the G.D.O. 

D etel'111ifl{1fio11 of tlte Reso11a11t Freq11e11cy of a T1111e1/ 
Circ11i1. T he resonant frequency ofa tuned circuit is found by 
placing the g.d.o. coil c lose to that of the circuit and tuning 
for resonance. No power should be applied to the circuit 
under test and the coupling should be as loose as possible 
consistent with a reasonable djp being obtained on the 
indicating meter. The size of the dip is proportional to the Q 
of the circuit under tes t, a circuit having a high Q producing 
a more pronounced dip than one having only a low or 
moderate Q. 

A bsorptio11 Wavemet er By switching off the h. t. and 
coupling the g.d.o. in the usual manner, the instrument may 
be used as an absorption wavemeter. In this case power has 

r---....o:--~C6,..-----o HT+ '.# IOOOpf 150V 

L1 OETAIL 

Of o EAllTH 

--------<>6·3V 

Fir . 19.)0. Circuit diaeram of t he 450 Mc/s c rid dip oscillator, with 
tuned inductance detail. 
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Tho 450 Mc/s grid dip osci ll ator with cover remo ved to show 
construction :ind layout. 

to be applied to the circui t under test. Resonance is detected 
by •1 deflection on the g.d.o. meter due to rectified r.f. lt 
should be noted that an absorption wavemeter will respond 
to harmonics if harmonic power is present and the wavemetcr 
is tuned to the frequency of the harmonic. 

Capacitance a11d Jnd11ctance. Obviously, if an instrument 
has the ability to measure the frequency of a tuned circuit, 
it can also be used for the determination of capacitance and 
inductance. To measure capacitance, a close tolerance 
capacitor (C3 ) is first connected in parallel with a coil (any 
coil will do, providing it will resonate at a frequency within 
the range of the g.d.o.). T his circuit is coupled to the oscil
lator and its frequency (F, Mc/s) noted. The unknown 
capacitor (C,) is then connected in place of Cs and the 
resonant frequency again determined. lf this is now F, 
Mc/s, the unknown capacitance is given by: 

Similarly, inductances may be measured by connecting 
the unknown coil in pnrn llcl with a known capacitance and 
applying the formula 

where Lis inJ.<H, C is in pF and F, is the resonant frequency 
expressed in Mc/s. 

Signal Generator. For receiver test ing the g.d.o. may be 
used to provide unmodula ted c.w. signals by tuning the 
oscillator to t he required frequency and placing it close to the 
aerial terminal of the receiver. The amplitude of the signal 
may be controlled by adjusting the distance between the 
g.d.o. coil and the aerial terminal. 

A.f. signals can be injected at the jack socket on the g.d.o. 
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to provide a modulated test signal, the modulation depth 
being dependent on the level of the modulation voltage, 
5 volts being adequate. 

C.W. and Pho/le Monitor . .By connecting a pair of head
phones to the insirument, it may be used as a c.w. moni tor. 
It should be tuned to the transmitter frequency and the 
distance between the oscillator and transmitter adjusted for 
optimum signal strength. To monitor telephony trans
missions the h.t. is switched off. 

Checking Crystals. lt is possible to check the activity and 
frequency of oscillation of a crystal by inserting it in the 
coil socket of the g.cl.o. and setting the frequency dial to 
maximum (i.e., minimum tuning capacitance). The meter 
reading will vary in accordance with the activity of the crystal 
and the frequency may be checked by locating the oscillation 
on a calibrated receiver. Generally speaking, this procedure 
may only be applied to fundamental mode crystals. 

TRANSMITTER POWER OUTPUT 
MEASUREMENT 

From time to time most amateurs wish to know the actual 
power output from a transmitter to ensure that it is oper
ating at its correct efnciency. Setting up a valve as an r.f. 
oscillator or power amplifier according to a published design 
or the information in the manufacturers' data and assuming 
that the stated power output will be automatically achieved 
1s not sufficient. 

Probably the most practical and inexpensive method of 
measuring r.f. power output is to use a two lamp comparative 
method, where one lamp is connected to the equipment and 
the other to a variable source of power. It is essential that 
both the lamps should be of the same type and power rating 
and it is desirable that before use the consumption data is 
recorded for both lamps so that allowances may be made for 
any differences. The actual di fference between two lamps of 
the same type and rating is unlikely to be sufficient to make 
calibration essential for practic:il purposes but is necessary 
for those who wish to be as accurate as possible. 

As may be seen from the typical curves shown in Fig. 19.31 
the light output from a lamp varies rapidly with changes of 
voltage or current and it is important therefore tbat direct 
comparison of the output is made. This is best arranged by 
fitting the two lamps side by side into a box having a ground 
glass screen over the lamps and with a dividing panel between 
the two lamps. The two lamps will then each illuminate the 
two separate halves of the ground glass screen. 

Matching is easier using a ground glass screen instead of 
viewing the lamps directly and this is particuJarly true at the 
higher filament temperatures. When the lamps are enclosed 
in the box there is also much less interference by stray room 
lighting. A suitable arrangement is shown in Fig. 19.32. 
A variable power supply for the standard lamp is required 
and either a voltmeter and anm1eter or a voltmeter and a 
calibration curve of the lamp is necessary for making 
measurements. 

Lf a Variac transformer or other iron-cored device is used 
to control the applied a.c. voltage instead of a resistor it will 
be necessary to take account of waveform error by using a 
moving iron voltmeter and ammeter which read true r.m.s. 
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Fig. 19.31. Characteristics of gas fi ll ed la mps. 

va lues. T his,poinl may be a trifle academic in view of the 
inhercf\t i na~curacies o f t his form of power measurement, 
but it may be of interest to those seeking the highest possible 
accuracy. 

Al t e rnative Single Lamp Method 

In this case the lamp is supplied with power either from 
the equipment or a measured source, the light output being 
observed by means of a selenium photo cell and micro
ammeter or a photographic exposure meter. The procedure 
is then as follows: 

(i) F irst supply r. f. power to the lnm1) from t he trans
mitter. 

(i i) Take a reading of the light output lL~ing the indicator 
(selenium photo cell and microammeter or exposure 
meter) at a suitable and measured distance. 

VARIABLE (2) 
GROUND GLASS RESISTANCE 

~ 
LAMP STANDARD 

L AMP 

STA NDARD 
LAMP 

,, ....... "':0 '._,·' : v .............. 
-. I [21 ' .. 

' I' " : ' 
~. 

RF IN P" T 

Fir. 19. Jl(a). Circuit arrangement of t h e two la m ps. (b) Su ggest ed 
layout. An effective 11 ground glass " scr een may b o m a de by usi ng 
a shee t of Perspex, o ne s ide of which has been r ou1hened with a 
hou1cho ld abrasive such as Vim . Suitable rot a ry variable. resistors 

aro available from P. X . Fox, Curtis and Berco. 

MEASUREMENTS 

(iii) Next, supply the lamp with a measured source of 
power, with the indicator at the same distance as 
before, increasing the light output until the indicator 
reads the same as in step (ii) . T he actual power 
output can then be computed from the calibration 
data of the lamp being used. 

Details of some small low volta ge lamps suitable for use 
with low power equipment and with opera ting resistances 
ncnr to nominal output impedances of modern transmitters 
are given in Tables 19.3 and 19.4. The lamps listed cover a 
power range of 2·2 to 25 watts and a resistance range of 
43 to 100 ohms. For higher powers two or more may be 
used in series but this should not be done at frequencies 
above 30 Mc/s. The series inductance of the lamps can be 
tuned out at any one frequency by a suitable capacitor (for 
example, a Philips trimmer). 

TABLE 19.3 

I La mp Clau Volts W atts Amp 

Aircraft t•n orall 24 6 
Aircraft Ge11eral 28 18 
Aircraft General 24 10 
Trolley Bus JS IS 
Trolley Bus 35 36 
Car Sido 24 12 
Car Sido 16 6 
Small Projecc.or so 25 
Indicator I 16 3 
lndic.u or 12 2·2 

(o) Two In series for 36 watts at 87 ohms 
(b) Two In series l<>r 72 watts at 72 ohms 

TABLE 19.4 

0·25 
0·645 
0·41 5 
0·43 
1·0 
0·5 
0·375 
0 ·5 
0·188 
0·183 

La mp, Small Projector T ype SOV 25W 

Vol ta re Curren t W a t u Re.1ista nce 

so 0 ·5 A 25 100 ohms 
45 0·47 A 2 1·5 95 ohms 
40 O+I A 17·6 90 ohms 
35 0·425 A 1·4'9 84 ohms 
30 0·315 A J 1·25 78 ohms 
25 0 ·34 A 8·5 71 ohms 

R (oh m1) 

96 
43-S(a) 
58 
01 .5 
36(b) 
48 
43 

100 
es 
65'5 

L umen• 

100% 
70~ 
46~ 
31'X 20% 
10·5% 

lt is obviously desirable to select a lamp which will have 
a resistance similar to the feeder impedance. In this con
nection it should be noted that the characteristics of the 
lamps listed are very much nearer to those required than 
those of types normally used for domestic lighting. Bearing 
in mind that as the power is reduced the lamp resistance falls, 
a lamp should be chosen that has the appropriate resis tance 
to match the feeder impedance at the expected power level. 
The figures for R quoted only apply at full brilliance, i.e. 
normal voltage and current. 

Lamps cannot, of course, be regarded as non-inductive 
and some care is necessary in making connections to keep 
the inductance as low as possible particularly whea using 
them at v.h.f. and u.h.f. It is worth noting that the screw 
and single contact type cap is more readily fitted to coaxial 
plugs or sockets than the double contact bayonet type. 

A ERIAL AND FEEDER MEASUREMENTS 

Radio frequency ammeters and voltmeters do not reveal 
the true power unless the line in which they are connected is 
correctly matched, but they may always be used as a means of 
tuning up the transmitter and the aerial coupler. The 
reflectometer is, however, an instrument which can dis
tinguish between the forwa rd and reflected waves in a 
standing-wave system, and can therefore be used to indicate 
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a true match of impedaoce; because only the forward wave 
is radiated, such an instrument can be calibrated to read true 
power flow into the aerial. 

- R2 
Sci¢ Tut 

FROM 
TRANS-
MITTER 

CRI 
GEX66 

Cl 
IOOOp 

F 

CR2 
GEX66 

RI 

TO 
LOAD 

Scici Toaxt 

Fir. 19.ll. Circuit a.rran1ement of a refle:ctometer for the h.f. 
amateur bandt. 

Refleclometers are Wheatstone-bridge arrangements, 
balanced to indicate flow in one direction only along a line. 
Several varieties have been described in radio publications 
in which the bridge comprises physical components built into 
the concentric line, but these require careful construction for 
successful results. That described here uses the properties 
of coupled transmission lines, and two arms of the bridge 
are formed by the electric (capacitive) and magnetic (induc
tive) couplings. The coaxial line impedance and a balancing 
resistor in the reflectometer make up the remainder of the 
bridge. 

H.F. REFLECTOMETEll 

T he ref\ectometer is essentially simple in principle and in 
construction. Fig. 19.33 sl~ows the main conductor of a 
coaxial line and coupled to it two secondary lines, each 

!-<-------- 6·- __ ...., 
CO-AX CO·AX I 
SOCKET SHIELD SOCKET"'-. ' 
POLYSTYRENE { CENTRE 

SPACER ft CONOUCTOR 

FROM 
TRANSMITTER 

SAW 
CUT 

POLYSTYRENE 
BLOCK 

FORWARD 
COUPLER 

TO 
AERIAL 

Fis. lt.34. P ractical detall1 of a renectometer of Fit:. 19.33. For 
3·5-ll Mc/s the len1:th 1hould be 12 in. 
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fitted with a diode detector and a terminating resistance. The 
forward wave from transmitter to aerial can only induce a 
wave flowing in the opposite direction on the secondary line. 
T his is a fundamental property of coupled lines. The lower 
line detector CR! therefore receives a voltage proportional 
to the amplitude of the forward wave, the flow from trans
mitter to aerial. In the upper line the induced wave travels 
towards R2, and if this also matches its line, the induced wave 
is absorbed and nothing reaches detector CR2. On the other 
hand, if the aerial is not matched to its line, then it will 
reflect power back to the transmitter: the forward diode 
CRI now shows tota l power going to the aerial and the 
backward diode CR2 the reflected portion. 

Fig. 19.34 illustrates a construction suitable for insertion in 
a coaxial line using coaxial connectors. Only the essential 
dimensions are given. The concentric line is converted to a 
parallel plate line, comprising a t in. conductor between two 
" earth " strips t· in. wide and ~ in. apart which are bolted 
to the two end plates holding the connectors. The secondary 
lines, made of 16 s.w.g. wire, are supported in sawcuts in 
two polystyrene blocks, and the dfodes and resistors are 
soldered to these lines. The complete instrument is boxed 
in by a metal wrapping screen over its end plates. 

~---------------- ---, 
I ,--t" .. --------------, I 

FROM : I 221w9 PICK· UP WI RE I ! 
TRANSMITTER I 1 I 1 TO AERIAL 

: ::::::::::::::_-: J L_ L::.::.-.:: .'.:' .=: 
- REFLEcrfo ___ f'wo-

Sia Sib 

Fig. 19.lS. Rcnectomctcr for tha h.f. bands. 

The impedance of the strip Ii ne is 50 ohms, but it may also 
be used in 70 ohm circuits because Rl and R2 can be varied 
to adjust the balance of the equivalent bridge circuits. These 
resistors may be of~· watt rating but must be carbon and not 
wircwound. The value is 150 ohms for a 50 ohm reflccto
meter, and l 00 ohms for 70 ohm use. The i11dicating meter is 
connected across a potentiometer VRl which adjusts the 
sensitivity. This meter may be 0-1 mA f.s.d. for 50 watts on 
14, 21 and 28 Mc/s, but for lower frequencies a more sensitive 
meter may be needed, since the output of the coupling lines 
is proportional to frequency; alternatively, the instrument 
may be made twice as long as suggested in Fig. 19.34 to 
double its sensitivity. Small wire-ended germanium diodes 
(e.g. GEX66, OA71 or 1N34) are suitable detectors. 

It is necessary to balance the coupling lines, and this is 
done by moving them parallel to the main line to make a 
smaU adjustment to their characteristic impedance. For this 
purpose it is necessary to terminate the aerial socket in a 
pure resistance equal to the line characteristic impedance 



but unJcsa high-power accurate r.f. loads are available this 
adjustment must be done at low power, in which case the 
meter is not sensilhe enough. The procedure then is to 
replace the meter by a pair of headphones and use some 
audio modulation on the transmitter or its power driver, 
using very low output coupling and a I or 2 watt carbon 
resistor as a standard load of value equal to the coaxial 
line impedance. With this arrangement the backward-wave 
line is adjusted for zero output and then the instrument is 
reversed and the forward line set up. Tbe adjustment should 
bring the secondary lines to about t in. from the main con
ductor. It has been found tbat an improved balance is 
obtained if the diode is connected about ! in. from the end 
of its line to form a small end-capacitance. The balancing 
adjustment should always be made at the highest frequency 
at which the refiectometer is to be used, because there the 
errors arc most important, and it is also most sensit ive there. 
When the adjustments are fin ished the wires can be cemented 
in position. 

In use, the potentiometer YR! is set for full-scale meter 
reading when switched to FORWARD; the meter will indicate 
reflection coefficient when changed to the backward position. 
If there is a reasonable resistance, say at least .IOOO ohms, 
in series with the meter and the diode, the readings will be 
reasonably linear, proportional to rellection amplitude. 
Without damping the readings are nearer to square law and 
are proportional to power. 

The reflection coefficient K is the best matching parameter 
to use, since it is zero when the line is matched, but if it is 
preferred to work in terms of v.s.w.r. the meter can be 
calibrated by means of the formula: 

I + K 
V.S.W.R. = J _ K 

The reflectometer can be used •· in the field " as a very 
helpful aid to aerial matching operations, but its normal use 
is in the station, either in the aerial feeder or in the link line 
between transmitter and aerial coupler. Where two or more 
aerials are used on one band it is a big advantage to have each 
aerial matched into the line (either directly or via an aerial 
coupler) because then the transmitter can be adjusted for a 
matched line load, and change of aerial can be made in
stantly as required. A good match is indicated by zero or 
very low reflection when the meter is switched to the back
ward diode (CR2). When the reflection is zero, the forward 
detector indicates true power flow to tbe aerial and can 
obviously be used for transmitter adjustment and as a per
manent monitor. For a.m. phone work side tone may be 
obtained by plugging headphones into JI. 

A rough power calibration of the forward detector can be 
made by using a 25 or 100 watt lamp as a load on the aerial 
coupler, and matching its brilliance with a similar lamp 
supplied with mains power. The r.f. lamp is tapped into the 
aerial coupler as if it were the aerial and adjustments made 
u ntil it matches the link line. This procedure needs patience 
because the lamp resistance changes rapid ly with power 
input. The reference lamp is connected with meters to read 
the current through it and the voltage across it, and is 
supplied from a suitable source of power with a variable 
resistance in series. The two lamps should, of course, be of 
the same type. 

A simplified form of reflcctometer for the h.f. bands 
u.sin& modified coaxial cable is shown in Fi&. 19.35. 

MEASUREMENTS 

TRANSMITTER AERIAL 
~I CR 

o;-c~~~~~~~~~~~~- -~~~~--'~ 

IOOJl 

JI 

Fig. 19.36. Circuit d iagram or the v.h.r. reflectometer. 

It should be remembered that when the diodes arc passing 
rectified current they are also generating hnrmonics and 
may therefore cause some degree of TYl. For this reason 
the complete instrument should be properly screened in a 
closed metal box and if the meter is detached, its leads 
should be screened and decoupled. A choke or single section 
TVI filter between the switch and potentiometer will help 
prevent harmonic generation and radiation. 

The instruments shown in Figs. 19.34 and 19.35 will 
operate quite well at 145 Mc/s but a reflectometcr specially 
designed for v.h.f. use is shown in Figs. 19.36 and 19.37. 

(a) 

(b) 

SECTIONAL DETAIL 
OF MADE- UP FEED 
THROUGH INSULATOR 

J/16· 

16swg ALUMINIUM 

~--------- -------------, 

~-----:---2ooopl 
r-~~~~~-------~~--~, 
L CR2 
---~-------------------

Fie . 19.37. Conuructiona l de tail• or the circuit or Fir . tt.36. 
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FIELD STRENGTH METER 

A field strength meter is a useful tool for use in adjusting 
aerial systems and as a visual indication of a signal being 
radiated. As may be seen from Fig. 19.38, it comprises a 
tuned ci rcuit, switched for the required bands, and a crystal 
rectifier feeding a single stage transistor d .c. amplifier. The 
signal level is indicated on a 0-1 mA meter. The instmmcnt 
should be constructed in a metal box, its pick-up aeria l being 
connected via a suitable insulated termfoal. 

To avoid obtaining confusing results, a fiel d strength meter 
should be situated several wavelengths away from an aerial 
under adjustment. 

Fis. 19.)8. Simple field strength mete• fo• 10-80 mer.es. TRI may be 
~ny ceneral purpose transistor. A short rod aerial shou ld be used 

(3-6 ft.). 

SIGNAL GENERATORS 

In setting up and testing radio and electron.ic equipment 
it is frequently necessary to have an a.f. or r.f. signal of 
sui table frequency. A.f. oscillators are used in the testing 
of speech amplifiers and modulators and in setting up single 
sideband transmitters while r.f. signal generators are of great 
value in the alignment of communication receivers and 
converters. 

SI MPLE A.F. OSCILLAT OR 

An audio oscillator for amateur use need not be very 
compl!cated and in fact the essential part of the circuit to be 
described consists simply of two equal RC time constants, 
ooe in parallel and one in series, which are connected to a 
regenerative system in wb.icb the gain and phase relationship 
will sustain oscillation at a frequency which depends solely 
on the RC values. 

In the circuit shown in Fig. 19.40 the twin triode oscillator 
(VI) feeds a cathode follower (V2) so that it remains un
affected by the load into which it works. T he switch Slab 
provides six ranges covering 32 c/s to 33 kc/s. 

The frequency can be read.ily calculated from I= 2 ~RC 
where R is the value to which one section of the twin potentio
meter VRI , VR2, has been adjusted and C is the capacity of 
the respective range capacitor. For this relationship to hold, 
the R and C values in each section should be within ± I per 
cent of each other. 

Each section of the potentiometer YR I, VR2, is 100,000 
ohms. Other values can be used, e.g., 50,000 ohms, in 
which · case all the associated capacity values should be 
doubled, or 200,000 ohms with au the capacity values 
halved. Beyond these extremes, the R/C ratios become rather 
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big in one case and small in the other, and oscillation is 
erratic at the ends of each range. 

The Jn mp in the cathode circuit of VJ is a 230 volt type 
of 5 to 15 watts consumption. T he resistance of the lamp 
varies with the thermal effect of the current flowing through 
il and keeps the amplitude of oscillation reasonably constant 
and independent of the frequency. The filament does not glow 
but its opera tion can be verified by watching the n.f. voltage 
across it on an oscilloscope. The thermal lag of a few seconds 
can be observed and the lamp therefore requires to 
accommodate itself after a frequency change has been made. 

The variable resistor VR3 is a regeneration control and has 
a marked effect on the distort ion present. If VR3 is at its 
maximum value the output is more or less disto rted at all 
frequencies. Its resistance should be reduced unt ii the ci rcuit 
just oscillates sat isfactorily on all ranges. Oscilloscope 
traces o f the output look clean with the exception of those 
on the lowest ranges which may st ill have a nau cned crest. 
This can be remedied by shunting C7 to earth with a 500,000 
ohm resistor RI. 

The maximum audio voltage available is about 7 volts 
R.M.s. For many purposes, lower voltages are required and 
YRS in conjunction with S2 permits the output to be adjusted 
from 0 to 150 mV. 

"" .,, .., "U "U'- "\j-
0 

... ... 
0 "' 

0 

"' "' 
t:l ~ SJ 

s !> 
lJJ UJ w 
l!) l!) l!) 
z z z 
<( <( <( 

" " " 0 0 0 M 
M 

M 

g N 2 +-~~4--l-~~----'!~~~-+~~~-t--~~--i 
N 

o o o -+-~~~1--~~-1-~~~-1--~~~-l-~~--1 

0 20 40 60 ao 100 
k OHM S 

Fig. 19.]9. frequency v. resist:ance curve for the ci rcuit and v:..luea 
or Fis. 19.40. 



Fig. 19.40. Cir cuit of the audio 
oscillator. VRI and VRl are a 
twin potenciome.t.er. 100 K 
ohms each 1ection. To provide 
d.c. isolation, CSI should be 
fed from Vl cathode via a 0·1 

p.F capacitor. 

o-~2,..-0-oos 
Cl2 Cll CIO C9 ce C7 

VR2 
IOOK 

IOOK 
VRI 

Cl C21fC3 C~ CS C6'. 
o.oos 0·002 0 -0002 

Fig. 19.39 shows the frequency versus resistance curve of 
the circuit described. It is clear that 10 octaves can be covered 
without the cramped part of each range being used by 
working from 100,000 ohms to 20,000 ohms. 

Lissajous' figures are often suggested as the best means 
of calibrating an instrument of the type described, and 
indeed they are excellent for the lower frequencies. The 
method of using them is as follows. With 50 c/s (mains 
frequency) a .c. voltage fed into the horizontal deflecting 
plates of an oscilloscope, the output of the audio oscillator 
should be applied to the vertical plates and the tuning control 
adjusted until the pattern of Fig. 19.4l(a) appears on the 
sc.,Teen. The oscillator frequency is then 25 c/s and the scale 

(a) 8 = 2Sc/s 

( b) 0 SO c/s 

(c} 00 JOO c/s 

(d) (JJJ = ISO c / s 

(ll) (1JJJ = 200 c/s 

( t) amJ 2SO c/s 

fig. 19.41. Calibration of an audio oscillator by m•ans of Liuajous' 
figures using 50 c/s a.c. mains. 

R7 
SK 

OUTPUT 

MEASUREMENTS 

SH 

6 ·3V 
IA 

may be appropriately marked . The tuning control may then 
be rotated unt il the pattern of Fig. 19.4l(b) appears, which 
indicates a frequency of 50 c/s. Similarly, the calibration 
points relating to the range 100-250 c/s may be fixed by 
reference to the patterns shown ; finall y the whole scale may 
be calibrated accurately by interpolation. There are of course 
many intermediate Lissajous' figures which may be obtained 
in addition to those shown. Readers who wish to work out 
the frequencies for which these apply may do so from the 
method given in fig. 19.42. 

Fig. 19.41. If a 1ine·wavc or unknown frequency i1 fed to the hori
:z.ontal deflectinc plate.1 of an oscilloscope and a 1l1nal from a 
calibrated source i1 fed to the vertical plates. a stationary pattern 
such as that 1hown above may be obtained by adju1tin1 the frequency 
of the calibrated source. The number of loopt in both horizontal 
and vertical planes should be counted. and the unknown frequency 
may then be calculated from the foftetwinc equation ; U nknown 
frequency • NV/ NH X fre~uenc:y of c:allbr;ated s ource. 1n the 
diasram, the unknown frequency is ; of the calibratinr frequency. 

Above 400-600 c/s calibration against the mains ceases 
to be practicable. One way to go on from there is to use a 
second oscillator which may be set to an intermediate point 
(say 200 c/s) and used to calibrate the first oscillator by 
means of Lissajous' figures up to approximately 1000 c/s. 
The auxiliary oscilla tor may thereupon be set to 1000 c/s, 
and the process repeated in sequence until the full range has 
been covered. The principal requirement of the auxiliary 
oscillator is frequency stability; purity of waveform is 
unimportant. 
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RS 
2·SI< 

R.F. OUTPUT 

R.F. S IGNAL GENERATOR 

The r.f. signal generator shown in Fig. 19.43 covers 80 kc/s 
to 56 Mc/sand employs a transitron oscillator (VI} modu
lated by a conventional a.r. oscillator (V2}. 

Approximately '.)-4 mA anode current and 6- 8 mA screen 
current is drawn by V1, the sum of the two being practically 
constant for any sett ing of VR2. The value of RS depends 
on the h.t. supply and should be arranged to produce 50 
volts at the point indicated. Construction is simplified if 
this 50 volt ra il is earthed instead of the negative as is usual 
practice. 

The seven range coil assembly consists of inductances 
in series which are tapped by SI. One end of the highest 
frequency coil L7, should be mounted directly on the screen 
grid pin of the valveholder, the switch being arranged close 
to it. Winding of the coi ls should commence from the L7 
end to make sure that there arc no gaps. Some experiment 
may be necessary with the number of turns. 

A 500pF twin gang capacitor with ceramic insulation is 
used for Cl , C2. The Cl section is reduced to approximately 
IOOpF by removing vanes; it is used on Ranges 4 to 7. For 
Ranges 1 to 3, C2 is switched in parallel with Cl by means 
of S2. 

The frequency ranges covered by the capacitors suggested 
and the coils specified, are as follows: Range ! , 80 to 
220 kc/s; Range 2, 210 to 760 kc/s; Range 3, 660 to 
2700 kc/s; R<1nge4, 2·6 to 6·5 Mc/s; Range 5, 5·6 to 15·8 Mc/s; 
Range 6, 14 to 29 Mc/s; Range 7, 24 to 56 Mc/s. 

Attenuation of the r.r. output is provided by VR I, a non
inductive carbon type potentiometer. The arrangement 
is unorthodox but it does provide an easy means of attenuat
iog the output. Modulation is by cathode injection, the 
audio oscillator V2 providing four fixed tones selected by S4. 

Screening of the entire unit, including the power pack, 
is desirable in order to avoid signal leakage. The tuning dial 
should be fitted with a vernier so that it may be read to one
tenth of a degree. 
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0·25 
CIS 

r 
A.F. OUTPUT 

53 

0 Cl6 
l__j----

0·25 

230V. 

6JS 

Fir. 19.0. Circuit of :a tr:an1itron 
s icnal 1enen.tor coverins 10 kc/•· 
56 Mc/1. LI , two lone wave b.c. 
coils in series: L2, medium wave 
b.c. coil w ith one quarter of turn s 
removed; U, 2) tur"n• 40 1..w.1. 
d.c.c. close wound on Ii in. dia.. 
former; L4. 17 t·urn1 l41.w.r. e nam. 
clo1e wound on ii in. d ia.. former; 
LS, 8 turns 20 1.w.r. enamel close 
wound on It in. dia. former; L6, 
7 turns 20 s.w.g. enam. dose 
wound tin. inside dia .. (no former) 
L7, 7 turns lO s .w.g. close wound 
oh in. inside dia. (no former). 
A 6·8 K ohms resistor may be u 1ed 
for RI and a I 0 K ohms potentio
meter for VRI if desired. Tl, 
midget speaker transformer. Cl7 

s hould be O·OOl µ F. 

Correction: RS should read I SK 
not 2-SK ohm .. 

Calibration can be carried out with the aid of a frequency 
meter or by listening on a receiver for beats with known 
broadcast stations and short-wave stations. 

WOBBULATOR FOR RECEIVER ALIGNMENT 

The main function of a wobbulator is to s impli fy the 
alignment of i.f. strips and bandpass filters to produce a clean, 
flat-topped, steep skirted response wi th minimum side lobes. 
Using a signal generator and v.t.v.m., the time consumed 
can be considerable, for a oew graph has to be coostructed 
following every major adjustment; with a wobbulator and 
oscilloscope, the pass-band can be observed at a glance, and 
even the effect of an adjustment actually being made can be 
continuously monitored. 

As there arc a number of different intermediate frequencies 
in general use, extending from 50 kc/s to 2 Mc/s and often 
beyond, a s imple osci llator to cover this range would require 
several stages of coil switching. An alternative arrangement, 
however, was chosen which produces an output continuously 
variable over the desired range. This is accomplished by 
mixing the output of a 5 Mc/s fixed frequency oscillator 
with that of a 5 to 7 Mc/s variable oscillator. The process of 
frequency modulating the output occurs within part of the 
tuned circuit of the fixed oscillator, which ensures that the 
frequency deviation remains constant regardless of the out
put frequency, this being another reasoo for the choice of the 
particular method of generation. The ma,ximum permissible 
sawtooth wave injection to the 6F33 reactance modulator 
(VI), Fig. 19.44, to produce a linear frequeocy deviation is 
able to shift the nominal 5 Mc/s by approximately 60 kc/s, 
which should be adequate for au normal purposes. In order 
to present a single display on the oscilloscope, the sigoaJ 
injected into VI should be of the same repetition frequency 
as the X-scan on the oscilloscope, and also a clean saw
tooth. The wobbulator has tllerefore been designed without 
the inclusion of a sweep-frequency oscillator, for the output 
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of the timebase of the oscilloscope in use should be perfectly 
satisfactory. Indeed, any irregularities in the wave-shape 
become unimportant when the same oscillator is used in 
both cases. This method also eliminates the necessity for 
synchronjzation of oscillators. 

The 6F33 (VI) or S6F33 was chosen as the rcactance 
modulator because of its superior linear mutual conductance/ 
suppressor grid voltage characteristic. It is important to see 
that both the anode and screen are adequately decoupled 
with respect to the sweep frequency. 

The oscillator (V2, V3) frequencies were originally chosen 
as a compromise between stability of output centre frequency 
and ease of obtairung the required tuning range. As the 
output frequency is dependent on the difference frequency 
between the two oscillators, 5 Mc/s was not considered 
unduly high for stability. The oscillators being electricaJly 
similar, conditions causing a shift in one oscillator will 
similarly affect the other. The difference frequency should 
thus remain constant. 

Should the necessity arise, the frequency range can be 
extended by the modification of one or both oscillators, with 
due consideration for unwanted mixing products. 

The oscillator outputs are fed into the mixer (V4) and as 
more than sufficient output was available, the anode load 
of V4 was deliberately made low. 

The instrument will work satisfactorily from an h.t. supply 
of 220 to 250 volts, and to avoid low frequency cyclic dis
tortion of the display, the smoothing must be of a high order. 
A conventional capacitance input filter followed by a hum 
suppressor was found to give better results than two identical 
filter sections. The a.c. ripple is minimized by adjustment of 
the VR3 in the cathode circuit of the hum suppressor, and 
in the case of the prototype was reduced to less than 
2 mV r.m.s. on full load (30 mA) with no sweep voltage 
applied. 

If the power supply is to be contained within the same 
case as the instrument, adequate ventilation must be 
provided. 

The layout of the unit is flexible within reason, although 
a logical design ought to be adhered to as far as possible. 
Satisfactory operation was achieved without enclosing the 
oscillators in screening boxes, but they could be added as 
an additional precaution if desired. All the valves should be 
fitted with screening cans, and the entire instrument enclosed 
in a metal case. 

Following construction, the wiring must be checked 
thoroughly. After switching on, the panel Ught and valve 
heaters should glow, and then, provided no components 
become unduly hot, the unit should be allowed to run for at 
least 20 minutes before beginning alignment. The oscillator 
frequencies must subsequently be corrected, and the hum 
suppressor adjusted with the aid of a valve voltmeter or 
sensitive oscilloscope. 

Establishing the correct nominal frequeDcies may be 
accomplished in one of three ways. After reducing the 
variable oscillator tuning capacitor to minimum, the fixed 
oscillator may be aligned by alteration of the slug of Tl, 
and CS, together with any one of the following three methods 
of frequency determination: 

(a) Absorption wavemeter. 
(b) Zero beat with a receiver tuned to 5 Mc/shaving b.f.o. 

on. 
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(c) Zero beat with a signal generator tuned to 5 Mc/s, t he 
outputs being mixed and displayed on an oscilloscope. 
The circuit of a suitable mixer is shown in Fig. 19.45. 

Fir. 19.45. A simpl• mixer for use when ali1nin1 the fixed and variable 
frequen cy oscillato rs of the wobbulator. 

The variable oscillator must be set to cover the range 
5 Mc/s to 7 Mc/s. For 5 Mc/s, Cll should be positioned at 
maximum capacitance, and the slug of Tl adjusted for zero 
beat with the fixed oscillator. If, with this setting, Cll is not 
capable of tuning the full 2 Mc/s, altera tion of the series 
padder C l 2 will improve the coverage, but the init ial 5 Mc/s 
adjustment will have to be repeated. 

Calibration 

The variable oscillator capacitor is calibrated directly in 
terms of difference frequency, and hence" centre frequency " 
when a sweep waveform is applied. It is recommended that 
the process of calibration be attempted when the outputs of 
the oscillators are not being mixed, as direct 5.7 Mc/s fre
quency measurements leave less likelihood of unintentional 
measurement of spurious mixer products. 

Calibration of the deviation control is the next step. With 
VRl at minimum (zero sweep) the output can be mixed 
with a reference frequency from a signal generator, and 
tuned to zero beat. Tbe combined output should, for con
venience, be displayed on an oscilloscope. On variation of 
the generator frequency, by say, 10 kc/s (Table 19 .. 5), the zero 
beat pattern will immediately vanish, until VRl is altered to 

TABLE 19.5 
Trace D•viation Line.a.rity Mea1uremenu 

Frequency Trace Deviation Frequency Trace Deviation 
(kc/s) (cm) (kc/1) (cm) 

270 0·0 l8SO O·O 
290 0·7 1860 0 ·5 
290 l ·I 1870 0·9 
300 H 1880 1·2 
310 1·7 1890 l·S 
320 2 ·0 1900 1·8 
330 2-3 1910 2·1 
340 2·6 1920 2·'4 
350 2 ·8 1930 2·7 
360 3·1 19 .. 0 3·0 
370 H 1950 3-3 
380 H 1960 3·7 
390 '4·0 1970 <(-() 
..00 '4·3 1980 ..... 
-41 0 4·6 1990 -4·8 
-420 5·0 2000 5·2 
-430 5·3 2010 5·6 
+40 5-7 2020 6·0 
<ISO 6·1 2030 6·'4 
-460 6·5 20-40 7·1 
-470 7·0 2050 8·0 
.. so 7·8 



resume the condition. The process should be repeated until 
the deviation control is at maximum, calibration marks 
being applied to the dial of VRl at each step. The de"iation 
will always remain constant, regardless of the centre 
frequency, since the maximum output frequency of the 
frequency modula ted oscillator cannot vary. 

Amplitude calibration of the output is unfortunately 
impracticable. The reason is that with variation of the centre 
frequency, the output voltage varies in sympathy. Reference 
divisions of from, say, I to 10, however, are very useful. 

A TWO-T ONE T EST OSCILLATOR 

A simple transistorized two-tone test oscillator for the 
alignment of s.s.b. transmitters is shown in Fig. 19.46. 

The oscillators provide frequencies of 1 kc/s and 2 kc/s 
the output from each being independently adjustable giving 
a maximum of J mW into 600 olrn1s combined. The power 
supply required is 12-15 volts at 10 mA. 

The two test oscillators TRI and TR4 are both single 
stage phase shift oscillators using three section ladder RC 
networks. This type of oscillator has been chosen for its 
simplicity and economy of components, though it does suffer 
from considerable dependence on transistor parameters. In 
many circuits embodying this type of oscillator, potentio
meters arc used to vary the conditions on the base or emitter 
in order to establish satisfactory oscillation. This should be 
unnecessary in this case but, should transistors other than 
those specified be used, it is useful to remember that small 
changes to R3 or Rl 5 will affect the waveform and amplitude 
of the oscillator outputs. 

The signals at the collectors of the oscillators are coupled 
by the isolating resistors R6 and Rl3 to the gain controls 
YRl and VR2. This d.c. coupling ensures that the controls 
vary both the signal amplitude and d.c. bias on the bases of 
the output amplifiers. Thus, when only a low output 
amplitude is required, the standing current of the class A 
amplifiers is also low, ensuring maximum efficiency of these 
stages. The cold ends of the amplitude controls are taken 
to a fixed cl.c. potential determined by R10 and C6. This 
prevents TR2 and TR3 from being cut off at very low 
amplitude settings. 

The switches Sl and $2 each apply power to both oscil
lators and one of the output amplifiers. The output of each 

1 kc/s Osci llator 
TRI TR2 

OC43 OC4'4 

MEASUREMENTS 

oscillator may therefore be obtained independently for 
setting up levels or response checks. 

The common collector load for TR2 and TR3 ensures 
linear mixing of the two test tones and provides the required 
output impedance. Coupling to the load is through the 100 
µ.F capacitor C5. This is suitable for driving into the low 
impedances encountered in transistorized modulators, but, if 
the application is restricted to valve amplifiers, the use of a 
0·01 µ.F capacitor here may be necessary to reduce the 
effects due to the changing d.c. conditions in the output 
amplifier. 

The complete oscillator with batteries may be accommo
dated in a die-cast aluminium box 4t in. x 3t in. x 2i in. 
All the wire ended components can be mounted on a printed 
circuit board or pin board 4t in. x 2! in. which will fit, 
components downward, within the box leaving room for the 
controls and switches along one side and the batteries (eight 
U7 or Ul2) on top of the board. Distribution of the com
ponents within the box and a specimen printed board layout 
are shown in Fig. 19.47. 

A strip of synthetic sponge can be used to hold the 
batteries in place and bas been found simpler and more 
effective than a metal strap. 

MEASUREMENT OF NOISE FACTOR AND 
EQUIVALENT NOISE TEMPERATURE 

The importance of evaluating the noise performance of a 
receiver in relation to the noise produced in the other parts 
of a communication system has already been discussed in 
Chapter 15 (Noise). The purpose of this section is to describe 
the principles and practice involved in the construction of 
noise generators, and the method of using a thermionic diode 
noise generator to determine the noise factor of a receiver. 
In addition, details are given of a germaniwn diode noise 
source which, while not suitable for absolute measurement 
of noise factor, is convenie11t to use when making adjustments 
to the input circuits of a receiver to determine whether any 
improvement in noise factor has been achieved. 

The anode current of a diode contains noise components 
due to shot effect, and the frequency spectrum covered by 
the noise output is exceedingly wide, from zero up to the 
ki lomegacycle region and so may be used as a source of 

2kds Oscillator 
TR3 TIW 
O C44 OC43 

'"""~~.-111-..... -11~s'i]6 
)JF 

Rl8 
6-81< 

ov 

Fir. 19.46. T he cir cuit of the two t one test oscillator. 
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TWO-TOIE TEST OSCILLATOR 

0 lkc /s 2kc/s 0 
Off 

®J 
OFF 

~ ®J 0 ~ 
ON AMP OUTPUT AMP OH 
0 

Front View 

0 
FRONT- SHOWN:.-1--
FLATTENED 
FOR CLARITY 
OF WI RING 

A A 
L _ ~ 

2.s• 

Sect ion on 'A-A' 

i--- --- - - 4.2• ___ __ _,""! 

PRINTED 
CIRCUIT 
BOARD 
COPPER 
SIDE 

Fia.$19.47. AJprinted curcuit board layout s uita ble for the two tone oscillator. 

noise signal at any frequency within this range. When the 
diode is operated under temperature limited conditions, i.e. 
the emission is controlled only by cathode temperature and 
not by anode to cathode potential, the noise power output 
may be shown to be directly proportional to anode current. 
Thus by varying the filament current, and hence its tempera
ture, a close control of noise power output may be achieved. 

The germanium diode generates considerable noise power 
when a current of a few milliamperes is passed through it in 
the reverse conduction (high resistance) direction. It has been 
found that low turnover voltage diodes produce the greatest 
noise output. Unfortunately the law relating diode current 
to noise output varies for each diode so that a germanium 
diode source requires calibration by a thermionic generator 
if it is to be used for absolute measurements. 

Design Considerations 

The noise output of the generator is developed across a 
load resistor equal in value to the source resistance from 
which the receiver under lest is designed to operate. The 
anode resistance and output capacitance of the noise diode 
appear in shunt with the load resistor and care must be 
ta ken in the practical layout to keep the r.f. connections as 
short as possible to reduce the stray capacitance to a mini
mum. At the higher frequencies it is desirable to tune out the 
stray capacitance by means of shunt inductance if the greatest 
accuracy is required. This problem arises because the value 
of the load resistor appears in the formula used to calculate 
the noise factor and any shunt capacitance will lower the 
effective value of the load to an extent direcUy proportional 
to the frequency of measurement. T he anode resistance of 
the diode will be much higher than the load resistor as the 
diode is operated wi th sufficiently high anode voltage to give 
anode current saturation and the resistive component 
of the shunt impedance may be neglected for all practical 
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purposes. The d.c. anode supply to the diode must be fed 
in via r.f. chokes lo ensure that all the noise generated is 
passed to the load resistor. It is not necessary for very 
elaborate smoothing to be used as the anode current will 
be independent of anode voltage variations under saturation 
condit ions. A suitable noise diode is the A.2087(CV217J) 
made by M-0 Valve Co. Ltd. This is a B7G based valve 
with a short mount, which minimizes the lead inductance 
associa ted with the valve itself. An h.t. supply of 100- 150 
volts at 20 mA is required together with a filament supply 
capable or varyiug the applied voltage up to a maximum 
of 4·4 volts. The tungsten filament takes 0·64 amp at the 
maximum filament voltage. The anode current of the 
CV21 71 should not be allowed to exceed 20 mA. 

For use at 450 Mc/s, the M-0.V. CV2398 is preferable, 
although the CV2171 is satisfactory at th is frequency. 
The CV2398 is a nova] based flying lead valve, requiring an 
unscreened p.t.f.e. lead mounting. A suitable component 
is made by McMurdo Instruments Ltd., under the code 
PB9A/F. The CV2398 has a tungsten filament rated at 
6·0 volts, 1·15 amps and requires an h.t. supply of 100-1 50 
volts at 45 mA maximum. 

VALVE-TY PE NOIS E GE N ERATORS 

For ease of operation it is desirable to use coarse and fine 
variable resistors for the filament supply so that the noise 
diode anode current may be set accurately to any required 
value. For complete versatility, t he noise generato r should 
be capable of operating in an unbalanced or balanced 
condition in order to cater for both types or receiver input 
circui t. T he simplest method o r doing this is to provide 
two noise diode circuits fed from a common power unit, the 
noise diode being plugged into the appropriate valve holder 
as required. Suitable circuit arrangements are shown in 
Figs. 19.48 and 19.49. The meter Ml has three rangea, 1, 5 



and 25 mA f.1.d., obtained by switchina in appropriate shunts 
acr065 the basic 0-1 nl.A meter. The maximum values of 
noise factor which may be measured on each range are shown 
in Table 19.6. When measurements at 75 ohms only are 
required then a 0-5 n1.A meter shunted to read 25 n1.A will be 
adequate. 

The figures given in Table 19.6 are calculated by substitu
tion in the formula F(db) = 10 log10 20 IR, where R is the 
source resistance in ohms, and I is in amperes. 

At frequencies up to 150 Mc/sit is permissible to connect 
the noise generator to the receiver by a short coaxial or 
balanced line but for the highest possible accuracy of 
measurement at 450 Mc/s the noise diode and its associated 
r.f. circuit should be constructed in the form of a probe, 
which can be connected directly to the input of the receiver 
under test. 

The load resistor used should be of a type having minimum 
associated series inductance and parallel capacitance, and a 
coaxial resistor is recommended, such as the type DSR/4/1 
made by the Welwyn Resistor Company in various values 
and tolerances. For this application a tolerance of ± 5 per 
cent will be adequate. The couial resistor is formed in the 
shape of a thin disc of ceramic coated with resistive material. 
Electrical connections are made to the centre and circum
ference of the disc by silver plated metal contacts. The 
method of mounting the resistor is shown in the illustration 
of the germanium diode noise generator 

When shunt inductance compensation is used, the induct
ance is adjusted to resonance with the stray capacitance 
at the frequency of test as indicated by a rise in the noise 
output of the generator. Strictly speaking inductance 
compensation is accurate al one frequency only, but the 
resulting error in calculated noise factor is negligible over 
the frequency bands of interest to the amateur. A practical 
point to observe when using a noise diode is to permit anode 
current to How for the minhnum time pos~ible when making 
measurements as the expected life of a valve of this type does 
not exceed a few hundred hours and is much less if the fila-

Meter F.S.D. 

I mA 
S mA 

lS mA 

rt: 
200-2S~J?OO 

AC I 200 
SOrv I 

I 

blD-0~__, 
; 1oooop 

TABLE 19.6 

Noise Factor 

75 ohms 300 ohm• 

1·76 db 7·78 db 
8·75 db 1 ~·77 db 

IS·H db 21·76 db 

Cl 
IOOOp RFCI RFC2 -

MEASUREMENTb 

CJ 
IOOOp 

J~'J:) 
100~ 

RFC4 300/l 
BALANCED 
OUTPUT 

40-~~~~~~-+-~~~~~~~ 

Fir . 19.49. Noise diode circuit au1ta ble for balance d input. Cl, Cl, 
1000 pF ceramic lead·throu1h ca pacitors; Cl, C-4, 1000 pF tubular 
ceramic; CS, C6, 10,00<I pF ceramic lead-throu1h; RI, R2, 22 ohm t 
watt; Rl, 300 ohm 5 per cent (Erie cype 58 ); RFCI, RFCl, 50 turna 30 
s.w.r . cloaa wound on j in. d iL former ; RFCJ, RFC-4, 36 cu rna II 

•.w.1. 1e1f·1upportin1 ; in. internal diamete r. 

mcnl voltage is maintained at the maximum value for long 
periods. 

GERMANIUM DIODE NOISE GENERATOR 

The circuit of a germanium diode noise generator is 
given in Fig. 19.5-0. The construction, illustrated overleaf, 
is quite straightforward and follows the principles 
outlined for valve diode generators. The generator re
quires 100 volts at 5 mA which may be obtained from any 
convenient supply. A 0-5 mA meter inserted at J l measures 
the crystal current. With some germanium diodes it may be 
found that the noise output first increases and then falls off 
before rising again with increase of crystal current. This 
departure from Unearity will not be a disadvantage as the 
germanium diode noise generator is used principally for 
qualitative assessment of receiver performance. 

Method of U sing the N oise Generator to measure the 
N oise Factor of a Receiver 

It is essential, when a noise factor measurement is to be 
made, to ensure that the measuring system is linear, as the 
definition of noise factor is based upon this asswnption. 
The receiver under test may be asswned to be linear for 
this purpose if doubling the input power produces a corre
sponding doubling of the output power. This relation may 

RFCI RFC2 Fis . 19.48. Noise c• nerator u1in1 
CV2171, 1uitable for unba lanced 
input. Cl, C2, CS, C6, CS are 10,000 
pf lead-th roueh capacitora. C l, 
IO<IO pf tubular cerllmic ; VRI, 10 
ohm1 5 per cent wire wound 
linear (Reliance type TW); V Rl, 
I ohm 10 per cent wi re wound 
linear (Reliance type TW) ; Rl, 
75 ohm 5 per cent coax lal 
realator (Welwyn type DSR/4/1). 
Tl, 125 V SO m A, 4·5 V IA ; S ia, b, 
Sla, b, d.p.a.t. torsle ; Sl,1.p. three 
way wafer; RFCI , 2. 50 turn• 
JO 1.w.c. close wound on f in. 
former; MRI, S.T. C. type C2H . 
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+ ;,_300p 

C2-! 

VRI 
I OOK .,....1-J\.f\/'vv..-..., 

CRI 

720 
UNBALANCED 
OUTPUT 

Cl 
IOOOp 

--..-......... --41~ 

R2 
720 

Fir. 19.50. Circuit of a german ium diode noiso 1enerator. Cl, Cl, 
1000 pf tubu lar ceramic; C2, 3100 pF lead-throua h ; CRI, GOS, INll 
or equivalent; RI , J,J Kohm 10 per c~nt t watt; Rl, n ohm S per 
cent coaxial r e•i•tor(Welwy n type OSR/4/1); VRI _ 100 K linear w ire 
wound potentiometer ( Colvern); RFCI, lS turns 11 s..w.c. e nam. air 
wound i in. i.d. The cermanium diode CRI should be a low reverse 

volQge type. 

not hold over a wide range of signa l levels and settings of the 
receiver gain controls, but provided that the measurement is 
carried out at sigDal levels and gain settings at which the 
receiver is knowD to be linear then the conditions imposed by 
the defmition or noise facwr which follows will be satisfied. 
The noise factor of a linear receiver, or any other four 
terminal network having its input terminals connected to an 
impedance of stated value and temperature, is the number 
of times by which an addition to the noise power available 
from this impedance must exceed the thermal noise at signal 
frequency in order to double the noise power available from 
the output terminals of the network, provided that all sources 
of noise give the same frequency spectrum at the output 
terminals. 

Two methods or using the noise generator to measure the 
noise factor of a receiver will be described. The first is a 
simple method, involving one measurement only of noise 
diode anode current while the other involves three such 
measurements and a little more calculation, but has the 
advantage of incorporating a linearity check. 

Both methods require some form of power measuring 
device which is connecced to the receiver at a suitable point 
to measure the a.f. noise output. In the event that an a.f. 
output meter is not available, a low range a.c. volt meter 
may be connected across the primary of the receiver output 
transformer. Alternatively an 0- 100 µA d.c. meter may be 
placed in series with the earthy end of the detector diode 
load. A fairly heavily damped meter will :issist in reducing 
the fluctuations observed when reading noise output. It 
should be remembered that power is proportional to voltage 
or currC::nt squared so that to double the power output when 
reading in microaroperes or volts the meter reading should 
increase by a factor of ,12, 

A view inside the cerma.n ium diode t'ypc noise aenerator 
of Fir. 19.50. 
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In the first method of measuring the noise factor the noise 
generator is connected to the input terminals of the receiver 
but not switched on. The iJ. and a.f. gain controls are 
adjusted to give a convenient reading on the output meter. 
If a d.c. microammeter in the detector diode load is being 
used, the a.f. gain control is ignored and the i. f. gain control 
adjusted to give a reading or 20-40 µA. The noise diode is 
then switched on and tile anode current increased until 
the receiver power output is doubled or the detector diode 
current increases by v2 times. Tile noise factor or the 

20 JR 
receiver in decibels is given by F db = 10 /og10 1000 where 

I is the noise diode current in milliamperes and R is the value 
or the noise generator source impedance. 

Tile procedure described above is only valid if the receiver 
is known to be linear over the range of input levels involved 
in making the measurement. ff there is any doubt then the 
three measurement method should be used us follows: 

With the noise generator connected but not switched on 
the receiver gain is adjusted to give a convenient meter 
reading, P 11 due to its own noise. The noise generator is then 
switched on and the noise diode anode current adjusted to 
give a considerable increase in receiver noise power output, 
but not enough to cause saturation. Let this output power 
be P, and the noise diode anode current required to produce 
it 11• The gain is now reduced appreciably, and the noise 
diode currents l : (usually made equal to 11 by suitable adjust
ment or the gain control) and / 3 required to give the original 
output readings P1 and P~ are determined, and the three 
values or I substituted in the following formula: 

20 / 1 12 R 
F(db) = 10 /og10 ( / I I ) 

1000 3- 2- I 

where R is the noise generator load impedance and / 11 / 2 and 
13 are in milliamperes. It should be noted that if / 1 + /2 is 
nearly equal to 1 •• a small error in readings gives a large 
error in F, and this condition should be avoided by making 
P,/P, as large as possible. 

Tile equivalent noise temperature of the receiver is given by 
Tr= (F - l)T0 where Fis the numerical value of noise factor 
and T0 is the equivalent noise temperature of the load 
resistor, which may be assumed to be 290° K (°K = °C + 
273). The numerical value or the noise factor Fis a ratio and 
not the figure given in db quoted in the valve makers' data. 
In order to substitute for F in the equation for equivalent 
noise temperature, it is necessary to take the antilogarithm of 
the quoted noise factor in db divided by JO, i.e. numerical 

. F(db) 
value ~ anlllog 10. 

U sing the Germanium Diode Noise Generator 

The germanium diode noise generator cannot be used to 
measure the absolute value of noise factor as already stated 
but it is very useful as a means of assessing improvements to 
receiver aerial coupling circuits and r.f. stages. When used 
in this manner the generator is connected to the receiver 
and the increase in noise output produced when the generator 
is turned on is recorded. Next the desired modification is 
made and the procedure repeated. If after the modification 
less diode current is required to produce the same increase 
in noise output from the receiver, then it can be assumed 



that an improvement in noise factor has resulted. The 
converse is also true. 

N oise Ge neration above SOO Mc/s 

Current practice at frequencies in excess of 500 Mc/s is lo 
use an Argon-filled fluorescent discharge tube as a noise 
source, the noise power being extracted by an external 
coupled belix terminated at one end by a load resistor equal 
to the required source impedance, while the other end is 
connected to the receiver under test by a short coaxial cable 
of suitable impedance. When the tube is conducting, it 
generates noise at an equivalent noise temperature of 
10,100° K, i.e. approx. 15·5db excess noise power, which 
is fixed by the type of tube. A variable attenuator is em
ployed at i. f. to reduce the gain of the receiver under test 
unt il the noise power output of the receiver is the same with 
the fluorescent noise source switched on or switched off. 
The value of the noise factor F in db using a fluorescent 

noise source isgivcnbyF(dh) = 10/og10 (C - 1)(;:;,. -J) 
where C = the ratio of the noise temperatures of the source 
when switched on and switched off, and P0 ,v/Pon is the 
loss inserted by the attenuator to maintain the receiver noise 
output constant. Corrections a re applied which allow for 
the incomplete coupling of the fluorescent tube to the helix 
and also for the mismatch introduced by the tube and helix 
in the extinguished condition. If the receiver has an appreci
able response al the image frequency a further correction is 
necessary. This last correction will apply to the measurement 
of noise factor by any form of noise geDerntor and amounts 
to as much as 3db if the image response is equal to the 
required response. 

CATHODE RAY OSCILLOSCOPES 

The oscilloscope is one of the most versatile instruments 
an amateur can possess and permits the visual display of a.f. 
and r.f. signals. It is particularly useful for monitoring phone 
transmissions. 

Commercial instruments are often unnecessarily elaborate 
for amateur purposes but it is perfectly feasible to build 
simple units at home. 

The heart of the oscilloscope is the cathode ray tube. If it 
is desired to examine a waveform, the input is connected to 
the vertical plates while a sweep or time base circuit is con
nected to the horizontal deflection plates. For many applica
tions it is sufficient to derive the sweep voltage from the a.c. 
mains. 

By using readily available and inexpensive tubes, and 
instrument designed expressly for 'phone monitoring 
may be constructed quite cheaply. Of the government sur
plus tubes the 3BPl has features which make it perhaps the 
most suitable. £ts screen is large enough to give an un
ambiguous picture, and although it is a short and handy tube, 
it has a reasonably high deflect ion sensitivity so that a high 
input is not required. This obviates the need for deflection 
amplifiers in monitor service. A number of tubes of this type 
have been tested and all were found to have the electron guns 
so well centred that the spot appeared in the centre of the 
screen without the assistance of a shift-control network. 
This simplifies construction and reduces cost. T he anode 
voltage requirements are modest; many lubes will give a 
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quite well focused spot at voltages as low as 4-00-500, and 
nearly all will work excellently at 700 volts and above. 

For transmission monitoring it is sufficient to provide a 
heater supply only, because the existing power supply for the 
transmitter final stages will almost invariably be capable of 
providing the few miJJiamperes drawn by the cathode ray 
tube and its control network. It is unfortunate that external 
fields are liable to cause trouble unless the final a node and 
the deflector plates of the tube are operated at earth potential. 
It is therefore highly desirable to provide the few com
ponents needed to furnish a negative h. t. supply for the 
cathode. 

MO NITORING DISPLAY U N IT 

The circuit of a cathode ray oscilloscope embodying 
the foregoing principles is given in Fig. 19.51. This, though 
deliberately modest, is adequate for selling up s.s.b. trans
mitters and monitoring a.m. transmitters. The lead from 
the heater of VJ may be connected to either end of the 
high-voltage secondary of the p.a. power supply transformer, 
and after smoothing in the RC filter comprised of CS, RS and 
C4, a negative d.c. output of almost 1 ·4 times the r.rn.s. lrnlf
secondary voltage wil l be provided for the cathode-ray tube. 
Due to the negligible current drain, RC filtering is ade
quate. Brilliance of the pattern is controlled by VR3, and 
focus by VR2. It should be noted that a high-intensity 
spot must not be pem1itted to remain stationary on the 
screen for any length of time, otherwise it will leave a per
manent blemish on the fluorescent phosphor. Horizontal 
sweep is taken from the 50 c/s a.c. main~ It is therefore 
necessary to make sure that Cl is connected to the live 
side of the mains supply. lf no sweep is obtained on switch
ing on, it is clear that Cl is connected lo the neutral lead, 
and the fault should be rectified either by transferring it to 
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Fi.r. 19.SI. O sci lloscope display uni t for m onitoring telephony 
tran1mission1. T l must be adequately insulated for t he voltage in 
use. Tl is t he exi1tlnr p.a. power supply transformer (see text). 

V I may b e a U27 or other suit'1ble rectifier. 
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Fir. 19.51.. Miller-tr"an 1itron 1awtooth time base aenerator for use 
wi th the 01dllo1cope of Fis. 19.51. 

the o ther side or the heater transformer primitry or by 
reversing the mains plug in its socket. A 50 c/s sweep 
causes some distortion of the display, but this may be kept 
within reasonable limits by using a high sweep amplitude 
so that only the centre portion of the sweep appears on the 
screen. The resulting trace is linear enough for most 
monitoring work. The sweep amplitude may be reduced by 
VRI, but this control should be set at maximum when 
monitoring is being carried out. 

If other work is contemplated, it is worth including some 
form of linear horizontal sweep. The Miller-transitron 
oscillator, showu in its most elementary form in Fig. 19.52, 
has much to commend it. Any sharp cut-off pentode may 
be used in this circuit, so long as it bas its suppressor grid 
brought out to a separate pin. As the valve requires only a 
few milliamperes of h.t. at 200-300 volts, it will probably 
be possible to " borrow " the necessary supply from an 

P.F FROM 
PA 

RF FROM PA 

Fis. 19.Sl(a). O•cilloocope connection• for envelope pattern. (b) 
Connections for trapexoidar pattern. 

existing power-pack. If the linear sweep of F ig. 19.52 is pre
ferred to the 50 c/s mains sweep, Cl in Fig. 19.51 should be 
disconnected from the primary of the heater transformer and 
connected to the anode of the oscillator valve. 

The small rt,th watt resistors R2 and R9 are the only 
components which remain to be explained. They are 
included merely to act as fuses in the event of other com
ponents breaking down. 

This simple display unit can be employed for monjtoring 
a.m. transmissions using the method described, with illustra
tions of typical patterns, in Chapter 9 (Modulario11). Con
nections for envelope and trapezoidal patterns are shown in 
Fig.19.53. 

Calculation of modulation depth using the trapezoidal 
method is possible by measuring the sides of the trapezium 
and using the abac of Fig. 19.54. A disadvantage of the tra
fJCZ(lidal method is the necessity to tap off from the secondary 

19.38 

of the modulation transformer an audio signal for the X 
(horizontal) plates. However, this can be overcome by 
building a small tuned circuit and demodulator unit (Fig. 
19.55) which can be connected to the output of the trans
mitter to provide the necessary audio signal. The unit should 
be made up on a small sub-chassis and fi tted as near to the 
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Fis. 19.54. A ba c for the calculation of modula tion depth from the 
tn.pei:oidal pattern. The d otted line illuatratu an example in 
which the lar1e • Ide (A) is 6 unit. Ions and tho •horter one (Bl 
3 uniu indic:atin1 a depth of modulation of Just over 30 per cent. 

holder of the cathode ray tube as possible. If the signal is fed 
to the X amplifier input the trapezoidal display will be 
obtained. When it is fed to the sync. terminal on an oscil
loscope the waveform pattern will be shown. 

S.S.B. transmissions may be conveniently checked by the 
45° method which calls for the application of similar voltages 
from the input and output of the linear amplifier. This 
necessitates the use of two detectors, as shown in Fig. 19.56 

i
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Fis . 19.SS. Demodulator unit to provide a.n audio s i1na l for connec
t ion t'O th e X plates of the 01cillo1cope in the trapezoidal method 

of measurinr modulation depth. 
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Fi1. 19.56(a). Demodulator unit. (b) Circuit arrancement for 
chec:kin1 1.1.b. tran1mi11ion1 by the 45° method. 

the resistors RI and R2 should be adjusted so that the 
voltage output from each is similar. The interpretation 
of the various displays obtained when a sinusoidal tone is 
fed into the s.s.b. transmitter is shown in Fig. 19.57. It 
should be noted that the use of the demodulator of F ig. 19.56 
does not permit checks on linearity to be made. 

BUILT-IN MODULATION MONITOR 

Availability of the lCPl c.r. tube makes it possible to 
lmild a monitor into a transmitter, the display screen taking 
its place on the front panel with the grid and anode current 
meters. A suitable circuit, provided by Electronic Tubes Ud., 
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is shown in Fig. 19.58. It comprises a small cathode ray tube, 
a time base generator and a phase splitting X amplifier. This 
type of monitor may be used to display the modulation 
envelope or the modulation trapezium, the display being 
selected by means of SL 

While the Y deflection of the tube is simplified in this case 
by the fact that the tube is designed for asymmetric Y 
deflection, the X deflection will still require symmetrical 
deflection. (Asymmetric X deflection could be used, directly 
from the time base, but would probably introduce trapezium 
distortion on the display. This could be misleading when 
displaying the modulation trapezium.) For this purpose 
the phase splitting amplifier V2 is introduced. This amplifier 
also serves the purpose of amplifying the modulating wave
form- which may be taken at a low level- when the trap
ezium is to be displayed. 

000 
(o ) ( b) (c) 

000 
(d) ( •) . (t ) 

f i1. 19.57. Interpretation o( disp.ays obt,ained with the arn.n1ement 
of Fir. 19.69. (a) Linear condition. (b) Incorrect rrid circuit loadin1. 
(c) Incorrect bias. (d) Amplifier overloaded. (e) ln1ufficient 1tand· 
inr current in amplifier. (f) Pattern obtained from 1peech input to 

4-7 
M 

680K 

a correctly adlutted linear amplifier. 
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The time-base generator Vl 
is a transitron-Miller circuit 
which in spite of its simplicity, 
provides a linear waveform. 
Synchronization of the time 
base sweep may be effected 
by applying a small amount 
of the audio to be displayed 
through a small capacitance 
to the suppressor grid of the 
pentode, provided that the 
time-base repetition rate and 
the modulating frequency 
are not very greatly different. 

Fig. 19.58. Modulation monitor employina a lCPI tube. The unit is suitable for buildine Into a trans· 
mitter . The time baee apeed depend• on the value of Cl which may be 300 pf (1 ·2-6k/c.1), 1000 pF (400 

c/1 to l kc/•) or 3000 pf (110 c/• to 600 c/s). Cl should be five time• the "1llue of Cl . 

The cathode ray tube lCPI 
operates from a 500 volt 
supply and, therefore, requires 
an extra 150 volts in addition 
to the 350V h.t. line. The 
arrangement shown in Fig. 
19.59 is a simple and inex
pensive means of obtaining 
this voltage. Operation of 
the tube is simplified by the 
use of automatic biasing in 
place of the usual brilliance 
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T he Heathkit Model 
OS-I 01cillo1cope. 
The complete cir'• 
cuit dia1ram is 
shown in Fig. 19.61, 

cont rol and by the ract that the- tube is designed to focus 
automatically. · 

lf the monitor is to be used in an s.s.b. trnnsmitter, the 
ci rcuit can be further simplified by omission or the time-base 
generator. 

Fie. 19.59. Power supply for the modulation monitor of fig. 19.58 

SERVICING OSCILLOSCOPE 

The circuit diagram of a complete oscilloscope employing 
a 2l in. tube type 3AFPJ is shown in Fig. 19.61. This instru
ment, the Heathkit Model OS- I, has X and Y amplifiers and 

Miller transistron time-base generator covering 15 c/s to 
150 kc/s. The frequency reponse of the X ampl ifier is ± 3db 
from 150 c/s to 500 kc/s and the Y amplifier ± 3db from 
10 c/s to 2·5 Mc/s. It is thus suitable for all the work likely 
in the amateur sta tion-waveform investigation, testing 
audio amplifiers and servicing communication and television 
receivers. 

Two input sockets for the Y amplifier are provided, one 
being direct, the o ther introducing an allcnuation or 
10 : J. The first section of Vl is a cathode follower, gain 
being controlled by VRI (Y GAIN). Vertical positioning of the 
tube trace is provided by VR2. 

V3b is used as a sync. amplifier, the valve operating with 
zero bias and producing at its anode an amplified and limited 
signal of the sync. input. This output is positive going and is 
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fed to the suppressor grid of the time-base generator V4. 
three methods of synchronization may be used: internal, 
external or 50 c/s. Internal synchronization is obtained 
from the cathode of V l through an isolating resistor R52. 

Coarse frequency control of the time base (V4) is provided 
by the ganged switches Sn and Sc and fine speed control by 
VR4. Output from the anode of V4 is taken through an isola
ting capacitor to the x aMP socket on the front panel so that 
while the time base is operating a saw tooth waveform is 
available a t this point. One of the positions of Su and Sc 
allows the time base to be switched off and an external signal 
or time base fed into the X amp socket. Amplitude of the 
signal is variable by means of VR3. Output from VR3 (x 
GAIN) is fed to V5 connected as a ca1hode coupled pair. Hori
zontal positioning of the trace is adjusted by VR5 (x SHIFT). 
A 50 c/s sinusoidal time base is provided by a posi tion on 
switch SA which switches out the time base and connects V5 
to a source of 50 c/s. Calibration voltages or I, 10, and 50 
volts peak-to-peak at 50 c/s are available from sockets on the 
front panel. 

E. ll.t. supplies for the tube are derived from a resistor 
chain across the supply from the rectifier MRI (type KS/40 
selenium). The maximum voliage fed to pin 8 via VR7 is 
700 volts. VR6 is a spot shape or astigmatism control and is 
adjusted in conjunction with VR7 (DRILLIANCI!) and VR8 
(Focus) to produce a well-defined trace. Flyback suppression 
is achieved by taking a negative pulse from the screen of V4 
This pulse is limited by CR I and the resulting flat topped 
waveform fed to the grid of tbe tube to blank the retrace or 
Ayback of the time-base sweep. 

MODULATION MONITOR FOR USE W IT H A RECEIVER 

The circuit of a modulation indicator for use with a 
receiver is shown in Fig. 19.60. LI and L2 are the coils of an 
i. f. transformer of the same frequency as the receiver inter
mediate frequency. The signal is fed through a small capacitor 
connected to the final i.r. valve via coaxial cable to point A, 
and to YI via the 0·005 u F capacitor. With SI in position I , 
the s ignal is fed inductively to the X plate, with 90° 
phase shift, thus creat ing a ci rcular trace for every carrier 
tuned in. D epth of modulation is shown by the extent to 
which the circular trace is thickened inwards and outwards, 
full modulation being shown as a disc. Qyermodulation will 
produce brightening at the centre due to trace overlapping. 

When an a.c. source is connected to position 2 of SI, and 
with the switch in this position, the envelope trace for 
modulation results. 

SIGNAL 
FROM 
RECEIVER 
FIRST IF 

0 ·005 

r s1 
AC SUP Pi V 

Fie. 19.60. Modulation monitor for use with a c,ommunication'i 
receiver LI and Ll are tho windings of an i.f, tf"ansformcr of appro· 

priate frequency. 
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On setting up the monitor, a strong steady carrier should 
be accurately tuned in, and the 100 pF trimmers adjusted 
for the best circular trace, although it may be found that 
the trace is rather elliptical. Tbe cores of the i.f. transformer 
should be initially withdrawn sufficiently for the tuning to be 
carried out with the 100 pF trimmers only. The 0·005 µ.F 
capacitors should be rated to suit the tube voltages and the 
a.c. supply at position two of the switch. For safe working, 
if d.c. voltages only are shown on capacitors, this figure 
should be divided by three to obtain the safe a.c. working 
voltage. 

O T HER APPLICATIONS OF THE OSCI LLO SCOPE 

[t is important to realize that an oscilloscope is virtually 
a two dimensional meter, i.e. it is intended for making 
measurements, not simply for displaying an interesting pic
ture. Consequently the temptation to continually adjust 
the X and Y sensitivities to make the picture fill the screen 
should be firmly resisted. lf the Y gain is continuously 
variable it is worthwhile calibrating it against a voltmeter on 
50 c/s a.c. (remembering that the meter reads R.M.s., not 
peak-to-peak, 1 volt R.M.s. = 2v 2 volts peak-to-peak) so that 
the settings for say J, 3, 10, 30 and 100 volts/cm, can be 
found rapidly. Time calibration can be similarly checked 
against a crystal calibrator, with a divider to 10 and 1 kc/s 
and the 50 c/s mains. If the oscilloscope is provided with a 
triggered time base it is convenient to calibrate in terms of 
time/cm, but with the older slightly less convenient syn
chronized time base this has to be variable to synchronize, so 
a frequency (or period) calibration is more suitable. 

The uses to which an oscilloscope can be put can be 
conveniently classified by the inputs to the Y and X plates. 

(a) Signal to Y, nothing to X. This mode uses the electron 
beam as a meter pointer, and does not fully exploit an 
oscilloscope, but is convenient when a valve voltmeter would 
otherwise be required, as for example measuring the d.c. 
anode potential of a high gain audio amplifier. In practice, 
there is no need to switch off the timebase for d.c. measure
ments, although this may be convenient to measure the 
peak-to-peak amplitude of an a.c. signal. Care should be 
taken to avoid burning the screen in either case. 

(b) Signal to Y, timebase to X. The additional dimension of 
time reveals much more information about a signal. Tbe 
frequency can be measured against a calibrated timebase, and 
any distortion or unwanted signal traced. The oscilloscope, 
like the camera, can' bowever lie. The input capacitance of 
the average Y amplifier is some 30pF and this, if connected 
to a high impedance point, can severely restrict the band
width. The use of coaxial cable leads with an additional 
capacitance of 22 pF per foot will make this much worse; 
sometimes this effect can be used to remove unwanted r.f. 
from a low frequency signal, but in general it is preferable to 
use either a high impedance probe unit, or failing this, short 
leads of unscreened wire. 

The bandwidth of an oscilloscope amplifier may be quite 
low, so that measurements at, say, 28 Mc/s cannot be made. 
Often it is possible to work slightly outside the nominal 
frequency range if a reduced sensit ivity is tolerable, but this 
should be done with caution since excessive signal outside 
the bandwidth can cause distortion and even modulate the 
timebase speed. Many oscilloscopes have provision however 
for inputs direct to the Y plates, via a blocking capacitor 
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thus extending the usable bandwidth althouah with reduced 
sensitivity. As the frequency becomes higher the period of 
the wave becomes comparable with the transit time of an 
electron between the Y plates and the deflection sensitivity 
falls. 

( c) One signal to Y, another to X. The most familiar form 
of this mode is the trapezoidal display of a modulated 
amplifier; but the input and output of any device may be 
so displayed. The input/output linearity of a diode detec
tor can therefore be displayed and compared with a 
product detector, taking care to avoid leakage of the b.f.o. 
signal iuto the oscilloscope. The maximum undistorted 
output from an amplifier can be measured by increasing the 
drive till the diagonal line on the screen starts to curve. 

The wobbulator, or swept alignment oscillator, is another 
application in which the X signal is related to the frequency 
of an oscillator, the output of which is fed to the r.f. amplifier 
under test, and the amplifier output, possibly after detection 
is fed to the Y amplifier. Provided the rate of frequency 
sweeping is sufficiently slow, a graph of the amplifier response 
is presented on the cathode ray tube. 

Finally, a word of caution. It has been known for the 
timebase harmonics of an oscilloscope to cause TVI. This 
possibility should be borne in mind and suitable screening 
and lead filtering applied if necessary. 

MISCELLANEOUS TEST GEAR 
P-N·P ANO N ·P-N T RANSISTOR T ESTER 

A test set providing quick and accurate direct measure
ment of current gain and collector leakage current of p-n-p 
and n·p-11 transistors under static, grounded emitter condi
tions is a useful tool in the modem radio workshop. The 
unit described here will also give a good indication of the 
state of diodes when compared with a similar type in good 
working order. 

A simple form of protection is included which will guard 
against damage if a transistor with an internal short is 
connected for test. Collector leakage, 1'00, is read on a 
0-1 mA meter. The current gain (beta) is arranged in two 
switched ranges: 0-100 at 100 µ.A base current and 0-250 at 
40 µA base current. On beta test, the meter is shunted to 
read 10 mA full·scale deflection (f.s.d.). 

Testing a transistor under grounded emitter conditions is 
somewhat similar to testing a valve for mutual conductance, 
the emitter, base and collector of the transistor corresponding 
to the cathode, grid and anode of the valve. The base is the 
controlling element: if there is a small change in base current 
there will be a much larger change in the collector current. 
the grounded emitter current gain, termed beta or «' is 
the ratio of the collector and base currents, and the measure
ment of it is here simplified by using a defined base current 
and indicating the collecto r current on the meter. 

Fig. 19.62 is the complete circuit of the tester. A 0-1 milli
anuneter is used for indicating the collector leakage current 
and was chosen as a good compromise between sensitivity 
and expense. 

The operation is as follows: connect a transistor to the 
appropriate terminals, close switch Sl and read off the 
collector leakage current. (The value of this will normally 
be under 100 µ.A.) Next close switch 82, allowing a base 
current of 100 µ.A to flow, and then read off the collector 
cu.rrent. A full scale reading will indicate a gain of 100 (the 



Fir. 19.61. Complete circuit dla1 ra m of th e transi stor tester. 

ratio of 10 mA collector current, divided by 100 µA base 
current). An OC71 for example may give 5 mA, thus indicat
ing a gain of 50, and similarly for other transistors. 

To enable n-p-11 transistors to be tested, a four-pole change
over switch is used to reverse the battery and meter connec
tions. Some transistors such as the OC44 have a high gain 
and a small allowable dissipation. R2, io conjunction with 
Rl (68 Kand 43 K ohms respectively), limits the base current 
to 40 µA. In thjs position, full scale deflection of the meter 
indicates a gain of 250 (10 mA collector current divided by 
the 40 µA base current is equivalent to a gain of 250). The 
purpose of R3 (4·3 K ohms) is to limit the meter to full scale 
deflection should a transistor with an internal short be 
connected. In this case, the push switch must rwr be pressed, 
thus avoiding meter overload, and the faulty item should be 
discarded. 

Some readers building this tester may wish to use a meter 
which they have on hand. In such cases the required sbunt
resistor can be calculated from the formula on page 19.1. 
With a 0-1 mA meter the scale multiplying factor is 10. With 
a 250 µA meter it wouJd be 40. 

The limiting resistor R3 should be changed to 8·2 K ohms 
if a 0-500 µA meter is used and to 15-18 K ohms with a 
0-250 µA movement. 

The layout is shown in Fig. 19.63, the components used 
fitting comfortably into an Eddystone diecast box. 

T he switch wafer is wired as shown in Fig. 19.64 but on the 
under side for neatness. The contacts should be of the non
shorting type; that is, break before make. 

RI and R2 are standard value t-watt resistors of close 
tolerance and high stability. If another type of resistor 
is used, any small variation from the values quoted should 
be toward a lower resistance, certainly not a higher. T he 
meter shunt resistor must be selected carefully if accuracy 
of measurement is to be obtained. T he meter and its shunt 
should be compared with an instrument of known accuracy 
before fitting into the tester. 

Ope ra t ion 

Transistor Test. Open both toggle switches, set switch 
S4 to the p-11-p positiou. In the first instance only. use a 
voltmeter to check that the collector terminal is negative 
with respect to the emitter terminal. This being so, connect a 
p-n-p transistor, such as an OC44 or OC71. If the meter reads 
full scale, an internal short is indicated and the transistor 
is unserviceable. If the meter is not indicating full scale 
deflection, pre$ the button and read off the collector leakage 

MEASUREMENTS 

current directly on the 0-1 mA scale. M transistors of the 
germanium type are very temperature conscious, an abnorm
ally high leakage, perhaps double tho normal, will be 
indicated if the transistor is bandied for too long with warm 
hands especiaJly near a fire or a hot radiator. The transistor 
should be at normal room temperature when tested. 

Next close switch S2 and read off the current gain on the 
0-250 scale. If the gain is under 100, close switch S3 and 
read on the 0-100 scale. It is quite normal for the transistor 
gain to be a little higher (or lower in some cases) on the 0-100 
scale due to operation on a different part of its characteristic 
curve. (This curve is not quite linear.) 

For 11-p-11 transistors, set switch S4 to the 11-p-11 position and 
carry out the testing procedure as above. 

Fir. 19.63. T he layout viewed from the rnr of the di ecast box. 

Diode Testing. With switch S4 in the p-11-p position and 
switch S2 open, connect the cathode (bar and red end) of 
the diode to the collector tenninnl and the anode to the 
emitter terminal. The meter should give a full scale deflection, 
indicating a low forward resistance. Move switch S4 to the 
11-p-n position (this reverses the voltage on the diode) and the 
meter should drop to zero, indicating a high back resistance. 
As this is only a simple check, and not a measurement, it may 
be advisable to compare the results with a diode of t he same 
type which is known to function correctly. I n this test, the 
push button S I is not used. 

7 ,, 

Fi1. 19.64. Wirinc of the wafer switch. 
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C H APTER 20 

OPERA TING TECHNIQUE 
AND ST A TION LAYOUT 

SUCCESS in any branch of Amateur Radio depends 
primarily on the operator's ability to use his equipment 

correctly and his knowledge of corrccl operatir\g technique. 
However much time or money has been spent on equipment, 
results will depend on the way in which the station is 
operated. The two basic principles of good operating are 
applicable to any mode of operation and arc quite simply 
judgment and courtesy. 

While studying to pass the Morse lest the newly licensed 
amateur will probably have spent a considerable time 
listening on the various aniateur bands and will have 
noticed the widely differing standards of operating technique 
to be heard. The good operator is not necessarily the man 
who can send fast, but the man whose sending is easy to 
read. Automatic Morse, derived from an automatic keyer 
which delivers perfectly formed characters, is t he easiest to 
read, and therefore the amateur should always strive to send 
Morse that sounds as if it were being transmilled by an 
automatic sender. T he ability to listen to one's own trans
mission is essential if a good style is to be achieved and 
maintained: this practice 1s sometimes known as side-tone. 

Similarly, in voice operation care should be taken to speak 
as clearly as possible; this includes speaking slowly and 
choosing simple " basic " words when the other operator is 
obviously not fluent in the language being used. 

An amateur should never send c.w. at a faster rate than 
he knows he can send perfectly, because a very quick deter
ioration results from even slightly exceeding his maximum 
speed capability. The best speed is the maximum speed at 
which the other operator can receive the whole of the 
message being transmitted. It is generally a good principle 
to send at the speed used by the station being worked. 

D X Operating 
ln order to be successful in working DX it is necessary to 

speod much time listening, learning the operating habits of 
stations in the parts of the world with which contacts arc 
desired. It is usually much more rewarding to call specific 
stations, rather than to call CQ. However there are exceptions 
to this rule, for example when a band appears to be inactive. 
In these ci rcumstances it is a good idea to put out a CQ call 
as this may reveal the fact that the band is in fact open but 
that everyone is listening! When about to call CQ, fi nd a 
quiet frequency, listen there for a short while, and then 
make a short transmission. This is very important: maoy 
contacts have been Jost because the station at the far end 

tired of waiting for the end of a CQ call. A satisfactory 
CQ would consist of: 
CQ CQ CQ do G2XYZ G2XVZ CO CQ CO de G2X'YZ G2XYZ CO 

CQ CQ de G2XYZ 02XY7.. AR T<. 

After sending this a very careful check should be made of 
the frequency for possible callers ; if there are none, the 
procedure may be repeated, at the same time making sure 
that there is no interference on the frequency. When it is 
desired to make contact with a specific area, a directional 
CQ call may be made: 

"CQ VK CQ VK CQ VK de G- ". 

This should result in a reply from a station in the desired 
country only. Conversely, never call another station who 
has just put out a directional call, unless situated in the 
area he is calling. 

When answering a CQ make short transmissions, sending 
the call-sign of the station being called not more than four 
or five times followed by one·s own call two or three times 
only. lf there is no reply this should be repeated. If long 
calls are made the other station may well be half way 
through and over by the time the call ends. A fast operator 
may even have finished his first transmission. 

Most DX stations find that once they have made an 
initial CQ call, they have a number of callers standing by 
waiting for contacts and therefore there is no need to put 
out any more calls. This means that those who call intelli
gently will obtain a contact more quickly. It is a good plan 
to try to find the frequency of the stat ion being worked, 
and set the transmitter near to this spot, then when the 
QSO is over a short call will often result in a contact. Un
fortunately this is not always possible, and in this case a 
call just off the DX station's frequency may be successful. 
In the case of some of the more proficient D~ operators the 
listening frequency will be announced from time to time. 
On c.w. this is usually signified by" U 5" (meaning" I iim 
listening 5 kc/s higher than my own frequency "), or " L 5 " 
(which means " I am listening 5 kc/s lower than my own 
frequency "). Under these circumstances, calls should never 
be made zero beat. Under" DXpedition " conditions, when 
the DX station is anxious to give as many contacts as 
possible in limited time, it is most important to keep calls 
very short , putting the emphasis on one's own call, not on 
the call of the DX station. When contact is established the 
exchange should be limited to reports only, unless indicated 
otherwise. If these ideas are translated into practice it will 
be found that the ultimate in equipment is not needed, and 
that common sense and courtesy will reap a rich reward. 

20.1 
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TABLE 20.1 

Morse Code and Sound Equivalents 

A di-dah SJ di-di-dit 
B dah-di-di-dlt T dah 
c dah-di-dah-dit u di-d i-dah 
D dah-di-dlt v di-d i-di-dah 
E dit w di-dah-dah 
F di-di-dah-dit x dah-di-di-dah 
G dah-dah-dit y dah-di-dah-dah 
H di-di-di-dit z dah-dah-di-dit 
I di-dit 1 di-dah-dah-dah-dah 
J di-dah-dah-dah 2 di-di-dah-dah-dah 
K dah-di-dah 3 di-di-di-dah-dah 
L d!-dah-di-dit 4 di-di-di-di-dah 
M dah-dah 5 di-di-di-di-die 
N dah-dit 6 dah-di-di -di-d it 
0 dah-dah-dah 7 dah-dah-di-di-dit 
p dl-dah-dah-dlt 8 dah-dah-dah-d i-d it 
Q dah-dah-dl-dah 9 dah-dah-dah-dah-dit 
R di-dah-dit 0 dah-dah-dah-dah-dah 

An abbreviated form of 0 (zero) is somcti mes used and 
consists of one long dah. Similarly an a bbreviated 9 in the 
form of an N (dah-dlt) Is In quite frequent use , and can save 
considerable time du r ing contest work where many numbers 

are being exchanged. 

Punct uation 

Frequently employed in Amateur Radio 
Question Mark di-di-dah-dah-di-dit 
Full Stop di-dah-di-dah-di-dah 
Comma• dah-dah-di-di-dah-dah 

• Often used to indicate exclamation mark. 

Procedure Signals 
Stroke 
Break sign(=) 
End of Messag!J..+ or AR) 
End of Work (SK) 
Walt (AS) 
Preliminary call (CT) 
Error 
Invitation to transmit (K) 
KN 

dah-di-di-dah-dit 
d ah-di-di-di-dah 
di-dah-di-dah-d it 
di-di-di-dah-di-dah 
dl-dah-di-dl-dlt 
dah-di-dah-di-dah 
di-di-di-di-di-di -di-dit 
dah-di-dah 
dah-di-dah-dah-dit 

* * * One dah should be equal to three di's (d it's). 
The space between parts of the same letter should 
be equal to one di (dlt). 
T he space between two letters should be equal to 
three di's (dlt's). 
The space between two words should be equal to 
from five to seven d l's (dlt's) . 

On some bands it will be found that the listening fre
quencies are widely separated from the calling frequencies. 
On Top Band (160m), for example, it is current practice for 
North American stations to operate near the low end of 
the band and listen around 1825 kc/s, and for European 
amateurs to operate around 1825 kc/s and listen at the 
bottom end of the band. There is a special set of Q codes 
for use under these circumstances: 
QLM I will listen from the low-frequency end of the band 

up to the middle. 
QML ..... middle down to the low-frequency end. 
QHM ..... high-frequency end down to the middle. 
QMH ..... middle up to the hiib-frequency end. 

20.2 

In normal circwnstances a station should not be called 
until he has completed a contact, as this is a bad practice 
and labels the caller as a bad operator. It also encourages 
further misbehaviour by other stations who may be standing 
by, and often causes confusion and interference. Tbe only 
time when a short call may be made during a contact is 
when a DX stat ion is allowing the practice known as " tail 
ending " to take place. The technique here is lo drop in 
one's call almost zero beat with the station working the 
DX just as he is signing on his final transmission. Unfor 
tunately this practice can very easily lead to abuse, and 
frequently produces chaotic results. 

Single Sideband 
This mode of transmission is gradually replacing a.m. and 

enables users to carry on telephone type conversations where 
both stations arc making full use of voice controlled trans
mission (vex). Any interference on the frequency may be 
detected immediately, and questions answered as they arise 
in the course of conversation. It is also very easy for a 
third person to join in the contact at any time. It should be 
remembered however before trying to break in on a contact 
that this is in effect a private conversation between two 
individuals, and that therefore common courtesy should be 
exercised over the manner of joining the contact. 

Regulations require that during prolonged contacts, 
station identification should be made at intervals not ex
ceeding 15 minutes (every 10 minutes in USA). When 
identifying on telephony it is suggested that the phonetic 
alphabet shown in Table 20.2 is used. It must be remembered 
that phonetics used must not be facetious or misleading. 

H elpfulness 

A good operator will always be helpful, not only to the 
newcomer but to any amateur who is in need of co-operation 
in order to carry out tests on his transmitter or aerials in 
order to bring them up to the desired performance. Jn the 
same way it would be a friendly gesture to inform any 
operator, whose signals are defective, that his transmission 
is not as it should be (and possibly violating the licence con
ditions) and at the same time to offer reports on any adjust
ments that may appear necessary to cure the faulty trans
mission. 

A good operator will also always give an honest and useful 
report to the stations he works. He should endeavour to 
give the sort of reports that he himself would appreciate. 

A Alfa 
B Bravo 
c Charlie 
D Delta 
E Ecno 
F Foxtrot 
G Golf 
H Hotel 
I India 
J Juliet 
K Kilo 
L Lima 
M Mike 

TABLE 20.2 
Phonetic Alphabet 

N 
0 
p 
Q 
R 
s 
T 
u 
v 
w 
x 
y 
z 

November 
Oscar 
Papa 
Quebec 
R.omeo 
Sierra 
Tango 
Uniform 
Victor 
Whiskey 
X-ray 
Yankee 
Z ulu 
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remembering that signal strength is not the sole criterion of 
a good transmission and that the bandwidth occupied by a 
telephony signal or the keying waveshape of a morse signal 
is even more important than its strength. 

Codes and Abbreviations 
A great deal of information can be transmitted in a short 

time on c.w. if full use is made of the standard abbreviations 
and codes. They may also help at times during contacts with 
amateurs who are experiencing difficulty on telephony due to 
language di fferences. However, they should generally not be 
used on s.s.b. or a.m. Many listeners with no special know
ledge of Amateur Radio have receivers which tune the 
amateur bands, and are bound to be unfavourably impressed 
by individuals using apparently senseless expressions. In 
these days of pressure on frequency allocations it is very 
important that the Amateur Service should be looked upon 
as responsible serious experimenters by casual listeners, and 
anything which may give the impression of irresponsible 
transmission behaviour avoided. 

Originally the only code used for reporling signals was the 
one used for loudness and was graded in the arbitra ry scale 
R l-R9. Later, when interference became a problem it was 
necessary to describe the readabi lity of the signal, since under 
heavy interference even a strong signal might be only partly 
readable. The scale QSAJ to QSA5 was introduced for this 
purpose, and at the same time the signal strength was denoted 

Readabi lity 

TABLE 20.3 

The RST Code 

R1 Unreadable. 
Rl Barely readable, occasional words distinguish· 

able. 
R3 Readable with considerable difficulty. 
R4 Readable with practically no difficulty. 
RS Perfectly readable. 

Strength 
51 Faint signals, barely perceptible. 
52 Very weak signals. 
53 Weak signals. 
54 Fair signals. 
SS Fairly good signals. 
56 Good signals. 
57 Moderately strong signals. 
SB Strong signals. 
59 Extremely strong signals. 

Tone 
T1 Extremely rough hissing note. 
Tl Very rough a.c. note, no trace of musicality. 
TJ Rough, low-pitched a.c. note, slightly musical. 
T4 Rather rough a.c. note, moderately musical. 
TS Musically modulated note. 
T6 Modulated note, slight t race of whistle. 
T7 Near d.c. note, smooth ripple. 
TB Good d.c. note, just a trace of ripple. 
T9 Purest d.c. note. 
An 'X' Is added after the appropriate T number if 

the transmission appears to be crystal controlled. The 
letter' C 'after the T number indicates the presence of 
chirp. The letter ' K ' indicates key clicks. 

TABLE 20.4 

The SINFO Code 

s 1 Barely audible 
2 Poor 

Signal Strength 

3 Fair 
4 Good 
s Excellent 

Interference 1 Extreme 
(QRM) 2 Severe 

J Moderate 
4 Slight 
s NII 

N Noise 1 Extreme 
2 Severe 
3 Moderate 

(QRN) 

4 Slight 
5 Nll 

F Fading 1 Extreme 
2 Severe 
3 Moderate 
4 Slight 
5 NII 

0 Overall Rating 1 Unusable 
2 Poor 
3 Fair 
4 Good 
s Excellent 

by the scale QRKl to QRK9. Later, when more attention 
was being paid to the tone of c.w. signals, another code was 
evolved. This is the now universally used RST code Table 
20.3, which indicates Readability (R I to R5), Signal Strengtlz 
(Sl to S9), and Tone (Tl to T9). On phone it is the custom 
to give the report as Readability (J-5) and Strengtlz (1-9). 
The SlNPO code, Tab.le 20.4, may also be used. 

T here are five signals which are used at the end of trans
missions under different sets of circumstances. It is very 
important to employ and understand the correct use of these 
letters in order to reduce m isunderstandings and confusion. 
T he letters AR are sent at the end of a call to a specific station, 
before contact has been established; for example" GJXXX 
GJXXX G3XXX de G2ZZZ G2ZZZ G2ZZZ AR." The 
letter K is sent at the end of a CQ call, or at the end of a 
transmission during an established contact when there is no 
objection 10 other callers joining the contact. When a call is 
made to a specific station, and replies are not desired from 
any other, or at the end of a transmission during a contact 
when calls from other stations are not wanted it is custo1mtry 
to end with the letters KN; for example, "G3XXX de 
G2ZZZ KN." At the end of the last transmission of a con· 
tact the letters SK are sent, immediately before the call-signs, 
e.g." ... SK GJXXX de G2ZZZ." This means that G2ZZZ 
is fi nished and is ready to receive other calls. If the station 
is closing down and does therefore not wish to receive further 
calls the letters CL should be sent after the call-signs, e.g. 
" ... SK G3XXX de G2ZZZ CL" Tf a station desires 
another contact after signing with another station he should 
not use the letters QRZ? unless be has already beard someone 
calling him, but should call CQ, always remembering that it 
is courteous to move away from the frequency and operate 
elsewhere if the station just contacted was originally operating 
there. 

20.3 
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QAV 
QCM 

QIF 
QRA 
QRB 
QRG 
QRH 
QRI 
QRJ 
QRK 
QRL 
QRM 
QRN 
QRO 
QRP 
QRQ 
QRS 
QRT 
QRU 
QRV 
QRW 
QRX 
QRZ 
Q SK 

Q SL 
Q SM 
Q SP 
Q SV 
Q SW 
Q SY 
Q SZ 
QTH 
QTR 

ZAN 
ZAP 
Z CK 
ZCL 
Z DF 
Z DM 
ZFO 
ZGS 
Z GW 
Z OK 
Z RN 
zsu 
zwo 
ZWT 

TABLE 20.5 

T he Q Code 

I am calling ... 
There seems to be a defect in your t rans
mission. 
... (station) is using ... (frequency). 
T he name of my station is ... 
T he distance be tween our stat ions is . .. 
Your exact frequency in kc/s is ... 
Your freq uency varies. 
Your note varies. 
Your signals are very weak. 
The readability of your signals is ... (1 to 5). 
I am busy. 
There is interference. 
I am being troubled by atmospheric noise. 
Increase power 
Reduce power. 
Send faster ( .... words per minute). 
Send more slowly ( .... words per minute) 
Stop sending. 
I have nothing for you. 
I am ready. 
Please tell . . ... t hat I am calling him. 
I will cal l you again. 
You are being called by ..... 
I can hear between my signals (i.e., I am using 
breakin-). 
I give you acknowledgment of receipt. 
Repeat the last message. 
I will relay to ..... 
Please send a series of V's. 
I will transmition . . .. kc/s. 
Change to .... kc/s. 
Send each word or group twice. 
My location is . .. . 
The exact t ime is ... . 

The Z Code 

I am receiving absolutely nothing. 
Acknowledge please. 
Check your keying. 
Transm it your call lett ers intel llglbly. 
Your 1requency is drifting. 
Your dots are missing. 
Your signals have faded out. 
Your signals are getting stronger. 
Your signals are getting weaker. 
I am receiving O. K. 
You have a rough note. 
Your s ignals a re un readable. 
Send words once. 
Send words tw ice. 

The most widely used code amongst amateurs is the ' Q • 
code, Table 20.5. Where the ' Q ' group is followed by a 
question mark an answer to the question is required, where 
appropriate the answer should be qualified by the addition of 
a number according to the following classification: I .-Very 
slight; 2.-Slight; 3.- Moderate; 4.- Severe; 5.-Extreme. 
For example "QRM5 " means " there is extremely severe 
interference." "QRM?" means "fs there interference?" 
These numbers also apply when the ' Z • code is used. 

The ' Z ' code, Table 20.5, is mainly used by commercial 
operators, but contains <t number of useful phrases for 
amateur work not included in the• Q ' code. 

20.4 

Log Keepi ng 
The Post Office requires all amateurs to keep a log book 

containing full details of all transmissions. Th is must be a 
bound book and all entries made in an indelible manner. 
The details to be recorded consist of the date, the Hme of 
commencement of every call (including test calls), the caJJ
signs of all stations from which messages addressed to the 
stat ion are received or to which messages are sent, times 
of commencing and ending communication with each such 
station (in GMT), the frequency (not frequency band) of 
transmission, the class of emission, and the time of closing 
down the station. When the station is operated from tem
porary or alternative premises, the address should be entered 
in the log. Entries must be made at the time of the operation, 
and no gaps should be left in the log. It should be noted that 
if the station is operated by anyone other than the licensee, 
the person doing so should sign the log entry with his full 
name and call-sign. 

Suitable log books complying with all the necessary 
requirements arc readily available, and may be purchased 
from RSGO Headquarters. 

Power 
T he Post Office transmitting licence stipulates the maxi

mum power input permissible on the various bands, 
and the maximum power output permissible in the case 
of single sideband transmitters. The maximum power that 
should be used is the lowest that will ensure satisfactory 
reception by the other station, and except where the trans
mitter is designed onJy for low power it is desirable to have 
some easy means of reducing power whenever conditions 
permit. Cross town contacts may be carried on with very 
low power indeed, and a great deal of interference with 
distant s tations thereby avoided. Local contacts should be 
arranged wherever possible to take p lace on a band which is 
not in use for DX contacts. 

STATION LAYOUT 

Before commencing to build equipment it is desirable to 
have some idea of the ultimate layout of the completed 
station, for the physical size of the various units will, to some 
extent, depend on whether a table-top, bureau bookcase, 
cupboard, rack and panel, or console assembly will be used. 
This in turn will depend on the amount of space that can be 
devoted to the station. It is relatively easy to construct gear, 
even of high power capabiJiiies, which occupies very lit tle 
space, by employing miniaturized components. A complete 
transmitter- receiver may in fact be contained in one small 
box. 

Choosing a Site 
Amateur stations have been set up in many different places 

in and around the home, the location obviously depending 
on domestic circumstances, the accommodation available, 
and the opcrato~·s ambitions. Ideally the best arrangement is 
for an entire room to be set apart for the s tation, a small 
bedroom being an ideal choice. Not only docs such accom
modati<m provide the maximum comfort and quietness for 
operating, but a lso affords complete safety from danger lo 
other members of the family. However there arc other quite 
sui table places in most homes. 

Very efficient installations have been set up in cupboards 
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under staircases, built into bureaux or cupboards in down
stairs rooms or in sheds in gardens. All these places suffer 
from some drawback that does not exist for the lucl..')' person 
who can devote a whole room to his station. The site under 
the staircase will inevitably be small, dark and difficult to 
ventilate, and the station in the downstairs room sbared \vitb 
the other members of the family will often be noisy, while the 
shed in the garden may be too cold and damp in winter and 
too hot in summer, besides being less accessible. The choice 
must be made by each individual, preferably in consultation 
with the rest of the family, after weighing up the pros and 
cons of each possible alternative. Jf at all possible, a part of 
the house which is nearest to the aerials should be chosen, at 
the same time remembering that aerials should be sited as 
far away from television aerials as possible. Another point 
to be borne in mind is the accessibility of power points, and 
earthing for the equipment. The aim should be to arrange 
the equipment in such a way that operating, even over Jong 
periods, is a pleasure so that maximum efficiency is obtained. 

Station W iring 
The care that has gone into the construction of the indivi

dual items of equipment should be continued when linking 
them up. Connecting cables should be short and concealed 
wherever possible. It is a good idea to use connecting leads 
of different colours, since not only does this facilitate rapid 
servicing but it is also a useful safety precaution. Another 
point that should be watched where several plugs and 
sockets are used for carrying different voltages on one chassis 
is never to use identical components, because it is easy to 
make a mistake and put the wrong plug into the socket. 
Here again colour coding of the leads is helpfu l. In these 
days of imported equipment, which is designed for 110 volt 
mains, it is a good plan to feed the mains from the Variac 
or auto-transformer to a distribution board with three pin 
sockets of a type different from the 230 volt sockets, so that 
the expensive mistake of feeding 230 volts into gear designed 
for 110 volts cannot happen. 

Circuit diagrams of all the circuit equipment should always 
be kept readily available, as it is an obvious aid to rapid and 
efficient servicing. Diagrams of all the interco1mecting 
wirini will also be found invaluable. 

Insurance 
While every amateur will strive to c-0nstruct and maintain 

his station so that it is completely safe for himself and any 
others who may visit it, there is always the possibility that an 
accident may occur. Owing to component failure a visitor 
may receive an electric shock, or an aerial or mast may fall 
and injure someone or damage property. Such an occurrence 
can result in a legal action, and tbe awarding of considerable 
damages against the person held responsible for the accident. 
This risk can be insured against, either by an extension to the 
existing Householder's Comprehensive policy or by taking 
out a separate public liability policy if only a fire insurance is 
held . The annual premium will be only a few shillings. 
Readers arc strongly recommended to consult thei r insurance 
company or brokers. 

Switching Systems 
The minimum number of switches should be used to change 

the equipment from tbe send to the receive position, and this 
is best achieved by the use of relays so that at least single.
switch operation is possible. Most communications receivers 
have a send-receive switch, and there are often terminals at 
the rear of the chassis, which have a d.c. voltage across them 
in the receive position, suitable for operating a relay. With 
the switch in the receive position and the relay wired as 
shown in Fig. 20.1, there will be a voltage on the relay; this 
wi.ll open-circuit the high-tension leads to the transmitter 
and modulator and to the aerial change-over relay (if this is 
wired so that in the rest position the aerial is connected to 
the receiver). When the switch is in the send position the 
relay closes the circuits switching on the transmitter and 
modulator a nd energizing the aerial relay so that the aerial 
is connected to the transmitter. A relay suitable for carrying 
out these functions will draw only a small current. Even 
if terminals are not provided on the receiver it is a very 
simple matter to provide a suitable voltage. 

Jf the position where the transmitter is keyed is such that 
a high voltage is Likely to be produced across the terminals 
of the key a relay should be used. [n any case a keying relay 
is desirable where the leads from the keyed circuit to the key 
itself are of any appreciable length. 

Sreak-in keyioa and voice-operated transmitter control 
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RSGB-RADIO COMMUNICATION HANDBOOK 

Fir . 20.2. Typical table-top arran1ement of an a mateur station. A 
sultabl• operatinr table may be made fro m a standard flush door 
pof11hed and supported on two cupboard• or two three-dr-awerfilint 

cabin eta. 

are additional refinements (See Chapter 8- Keying and 
Break-in and Chapter IO-Single Sideband Techniques). 

Arranging the Equipment 
A typical arrangement of the basic equipment that goes 

to make up the average station is shown in Fig. 20.2, but there 
are, of course, many other ways of assembling the various 
items. It should be remembered that the foca l point of the 
station will be the operator's chair, which should be as com
fortable as possible. From the operating position, all the 
main controls should be within easy reach, and all meters 
clearly in view. 

The transmitter should be sited so that the aerial feeders 
can be connected without too many bends having to be made 
in them, and so that in the case of tuned feeders they can be 
spaced well away from other objects. If it is possible to 
arrange for feeders to pass through a small window, the glass 
in which has been removed and replaced with Perspex, so 
much the belier. 

The Morse key is normally placed o n the right side of the 
desk or table, but some operators have other preferences. 
Whatever position is chosen it should be th e one which 
affords the grea test comfort during periods of sustained 
operation. 

For phone operation the microphone can be located in 
any convenient position on the desk. A good flat area, with 
sufficient space to .accommodate the key, microphone, Jog, 
scribbling pad, and a large ashtray is essential fo r comfortable 
operating. 

SAFETY PRECAUTIONS 

Safety is of paramount importance. Every precaution 
should be taken to ensure that the equipment is perfectly 
safe, not only for the operator himself but also for the other 
members of the household, or visitors. Double pole switches 
1hould be used for all mains circui ts, and interconnected 
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switches should be fitted so that no part of the equipment 
can have high voltage applied to it until the valve heaters and 
low power stages have first been switched on. This precau
tion may not only save the life of the operator, but it also 
protects the transmitter against damage. 

The whole station shou.lcl be controlled by one master 
switch, located in a prominent position, and all members of 
the household should know that in the event of an emergency 
it must be switched OFF before anything is touched. 

All aerials should be safeguarded against lightning, either 
by manual switching to a good earth when the station is not 
being used, or by the use of lightning arresters. The construc
tion of a suitable spark-gap arrester is shown in Fig. 20.3. 
Arresters for use in co-axial cable arc also available. Great 
care should be exercised before touching feeders which have 
been disconnected during a thunderstorm. Further infor
mation on lightning protection is given in Chapter 13-
H.F. Aerials. 

Another often overlooked precaution concerns the rating 
of the mains supply to the station. A 150 watt amateur 
station fully equipped with ancillary apparatus can draw 
quite a heavy current from the mains, and before assembling 
or operating a station it is essential to calculate the current 
that will be drawn, and to make certain that the existing 
house wiring wi ll carry this current without being over
loaded. If any doubt exists new wiring should be installed. 

ft is very important that every amateur should develop a 
strict code of safety d iscipline for use wben handling his 
equipment. It should be a rule never to work on a piece or 
gear which is p lugged into the mains, even if a ll switches a re 
turned olT. Always be certain that fil ter capacitors in power 
packs are discharged to earth before putting a hand near 
them, as the larger ones are capable of retaining a consider· 
able charge for qui te a long time. On those few occasions 
when it is impossible to carry out necessary adjustments with 
the equipment turned off the operator should keep one hand 
behind his back or in his pocket, should never be wearing 
headphones, and should make certa in that no part of his 
body is touching an object which is earthed. Any such 
adjustments should be carried out with well insulated tools. 

T he vast mast majority of shocks sustained from electrical 
equipment are derived from the 240 volt mains line lead. 
Every year there are JOO or more fata lities in the UK alone 
mostly from accidental contact with mains voltage. There is 

FEEDLINE FROM 
TRANSMITTER 

TO EARTH 

Fie. 20.l. Lirhtninr arrester. This unaneement is suitable for all 
type• of twin-feeder systems. The mountinc board ahould be of 
fireproof insulatinr material provided that the spacinc between the 
feeder and earth caps is contider-a.bly smaller than Che distance 

between the feeder caps and the metal plate. 
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evidence to suggest that because of the different physiological 
effects, those who find themselves across voltages of more 
than 1000 volts have a better chance of survival than those 
subjected to severe medium voltage shocks. Voltages as 
low as 32 volts have been known to ki ll. As the jingle says 
"Ct's volts that jolts, but mils that kills." 

The real danger from mains supplies is where either the 
skin resistance is lowered by dampness or perspiration, or 
where the victim grips a n extensive area of " live" metal 
whilst in good contact with earth. It is against this second 
possibility that particular care is needed in amateur 
stations. 

One hazard is equipment with a mains connected chassis 
being used under conditions for which it was not intended. All 
modem British television sets and a fair proportion of domes
tic broadcast receivers fall into this category; not only all the 
" a .c./d.c. "sets but also-and this is not always appreciated 
-a large proport ion of "a.c. only" models. These sets are 
built to comply with the British Standards safety specification 
(B.S.415) which, among other precautions, lays down that it 
should be impossible for a little finger to touch any part of 
the chassis, and also insists on double pole on-off switches. 
Old radio sets, particularly pre-war models, often do not 
comply with B.S. 41 5, or may have damaged backs, or be 
used with exposed control spindles or grub screws. If there 
is any such equipment in your station, the exposed parts 
should be checked with a neon to make certain that they are 
not " live," with the on/off switch in both positions. Remem
ber that a single pole switch in the neutral lead will leave the 
chassis" live " with the set off, even if the chassis is connected 
to " neutral " when the set is on. After checking, a 11011-

reversible plug should be fitted. It is well worth while to en
sure that all three pin mains sockets in the house are wired 
correctly: unfortunately many sockets in our homes are incor
rectly connected. A three pin socket with the" earth" socket 
at the top should have the " neutral "socket on the bottom 
left, and the live" line" socket on the bottom right-these 
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directions are when looking into the socket and must be re
versed when looking at the back of the socket for wiring (See 
Fig. 20.4). Correct colour coding of leads in the UK 
is: ' Lire,' red; 'Nelllral,' black; ' Earth,' green. 1t is very 
important to note that this code may not apply to imported 
equipment, and the manufacturer's instructions should be 
very carefully studied before plugging into the mains. The 
use of modern J 3 amp fused p lugs is recommended. 

An even greater hazard, because it is seldom anticipated, 
can arise under fault conditions on equipment fitted with a 
double wound (i.e. "isolating") transformer of the type 
used in tbe vast majority of amateur receivers and trans
mitters. It is by no means unknown for the primary winding 
to short circuit to the screening plate between the primary 
and secondary, the core, or to one of the secondary windings, 
so that the chassis of the equipment becomes" live." Such 
equipment will often cont inue to operate quite normally and 
can thus represent a real danger over a considerable period. 
The best safeguard against this is to ensure that the shield 
between the primary and the other windings, the core, and tbe 
chassis are aU effectively earthed. The earth connection must 
be of sufficiently low resistance for the supply fuses to blow. 
These fuses should always be of the minimum practicable 
amperage. It is no use having a 50 ohm resistance to earth 
and a JO amp fuse- if this is the case the size of the electricity 
bills may be surprising. but the hazard is likely to remain 
undetected. 

Another hazard is the electric tool wliich has developed a 
fault and which has a " live " casing. This can happen, for 
example, with soldering irons and electric drills. The modem 
domestic electric dri ll is designed with this danger very much 
in mind, but even so it should be remembered that in industry 
it is recommended that such tools should be used only in 
"earth free" areas-which is far from being the case in the 
average an1ateur installation. A very careful eye should be 
kept on the leads to all such tools, and any " tingles " felt 
when they are in use should be investigated immediately. 

Many amateurs fit extra power sockets in their stations 
and the control arrangements mny call for quite a lot of semi· 
permanent a.c. wiring and switching. These should always 
conform with the high standards laid down in the IEE Wiring 
Regulations (14th Edition). These are rather formidable 
reading for the non-professional but a number of books 
giving sound advice on modern wiring practice, based on the 
lEE recommendations, have been published and can often 
be obtained from local libraries. Advice can also be 
obtained from the offices of local electricity boards. 

It is a wise precaution to hn ve a ftre extinguisher of the 
type suitable for use on electrical equipment in the radio 
room. The best arc those which direct a stream of carbon 
dioxide on to the burning area; the powder and carbon 
tetrachloride types may also be used but the latter is liable 
to cause further damage if the contents come into contact 
with radio equipment. 
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SAFETY RECOMMENDATIONS FOR 

THE AMATEUR RADIO STATION 
1. All equipment should be controlled by one master switch, the position of which shou ld be well known 

to others In the house or club. 
2. All equipment should be properly connected to a good and permanent earth. (Note A.) 

3. Wiring should be adequately insulated, especially where voltages greater than 500 V arc used. Terminals 
should be suitably protected. 

4. Transformers operating at more than 100 V R.M.S. should be fitted with an earthed screen between the 
primary and secondary windings. 

5. Capacitors of more than 0.01 µF capacity operating in power packs, modulators, etc. (other than for 
r.f. bypass or coupl ing) should have a bleeder resistor connected directly across the ir terminals. The 
value of the bleeder resistor should be low enough to ensure rapid discharge. A value of 1 /C Megohms 
(where C is in mlcrofarads) is recommended. The use of earthed probe leads for discharging capaci tors 
in case the bleeder resistor is defective is also recommended. (Note 8). Low leakage capacitors, such as 
paper and oil filled types, should be stored with their terminals short-circuited to prevent static charging. 

6. Indicator lamps should be installed showing t hat t he equipment is live. These should be clearly visible 
at the operating and test position. Faulty indicator lamps should be replaced immediately. Gas filled 
(neon) lamps are more reliable than filament types. 

7. Double-pole switches should be used for breaking mains circuits on equipment. Fuses of correct rating 
should be connected to the equipment side of each switch. (Note C.) Always switch off before changing a 
fuse. The use of a.c./d.c. equipment should be avoided. 

8. In metal enclosed equipment install primary circuit breakers, such as micro-switches, which operate 
when the door or lid is opened. Check t heir operation frequently. 

9. Test prods and test lamps should be of t he insulated pattern. 

10. A rubber mat should be used when the equipment is installed on a floor that Is likely to become damp. 
11 . Switch off before making any adjustments. If adjustments must be made while the equipment is live, 

use one hand only and keep the other in your pocket. Never attempt two-handed work without switching 
off first. Use good quality insulated tools for adjustments. 

12. Do not wear headphones whilst making internal adjustments on live equipment. 

13. Ensure that the metal cases of microphones, Morse keys. etc., are properly connected to the chassis. 
14. Do not use meters with metal zero adjusting screws in high voltage circuits. Beware of live shafts i;ro

jectlng through panels particularly when metal grub screws are used in control knobs. 
15. Aerials should not, under any ci rcumstances, be connected to the mains or other h.t. source. Where 

feeders arc connected th rough ·a capacitor, which may have h.t. on the other side, a low resistance d.c. 
path to earth should be provided (r.f. choke). 

* * * Note A.-Owlng to the common use of plastic water main and sections of plastic pipe in effecting repairs, 
It ls no longer safe to assume that a mains water pipe is effectively connected to earth. Steps must be taken, 
therefore, to ensure that the earth connection is of sufficiently low resistance to provide safety in the event 
of a fau lt. Checks should be made whenever repairs are made to the mains water system in the building. 

Note 8.-A" wandering earth lead "or an " insulated earthed probe lead " is an insulated lead permanently 
connected at one end to the chassis of t he equipment; at the other end a suitable length of bare wire is 
provided for touch contacting the high potential terminals to be discharged. 

Note C.-Where necessary, surge-proof fuses can be used. 
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THE RSGB AND THE RADIO AMATEUR 
THE Radio Society of Great Britain (RSGB) is the 

National Society or radio amateurs in the United 
Kingdom. More than 7500 of its 14,000 members hold 
amateur transmitting licences; the others either hope to do 
so later or are interested primarily in the receiving side of 
Amateur Radio. More than 1000 members live overseas. 

H.R.H. The Prince Philip, Duke or Edinburgh, K.G., is 
the Society's Patron. 

The Society acts as the spokesman for the radio amateur 
and Amateur Radio in the UK and is one of the Founder 
Members of the International Amateur Radio Union, the 
worldwide association of the various National Societies. 

The Society was founded as the London Wireless Club 
more than 50 years ago in 1913 but soon attracted members 
throughout the country; the name of Radio Society of Great 
Britain was formally adopted in 1922. For many years its 
activities have been devoted al.most entirely to the many 
aspects of Amateur Radio- that is, the transmission and 
reception of short wave and ullra-shon wave radio signals 
as a hobby pursued for the pleasure to be derived from an 
interest in radio techniques and construction and for the 
ensuing friendships with like-minded persons throughout the 
world. 

The Society helps Amateur Radio in many ways. Of 
particular importance is the provision or information on 
technical matters and on the various activities and events of 
concern to amateurs. Since 1925 it has published a monthly 
journal-RADIO Co~L\!UNICATION-the oldest and largest 
magazine in this country devoted to Amateur Radio. All 
members receive this magazine by post, without payment 
other than their annual membership subscriptions. 

The Society is admirustcred by a Council elected by the 
Corporate membership. A full-time staffed Headquarters is 
maintained in London. There are also 17 elected Regional 
Representatives who with the help of Arca Representatives 
arrange local meetings and other activities. 

The Society is proud of its half-century role in the develop
ment of Amateur Radio and of the many eminent scientists 
who have been connected with it-including Marnoni, 
Lodge and Fleming. It was the organized radio amateurs 
who originally demonstrated that wavelengths below JOO 
metres could provide world-wide communication on low 
power. But the Society looks to the future, rather than the 
past, and concentrates its efforts on the effective organization 
of amateur activity in order to provide the greatest oppor
tunities for useful experimental work, and to encourage 
general interest in and enjoyment of the hobby of Amateur 
Radio. 

W hy You Should Join 
The following are just a few or the many reasons why, if 

you are really interested in Amateur Radio, you should join 
the RSGB immediately : 
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You will receive every month a copy of RAD10 Co~1-
MUNICATION, recognized as providing a complete and 
accurate survey of every phase of Amateur Radio activity. 
Containing at least 64 pages each month, RADIO CoMMUNl
CATION is noted internationally for the high standard of its 
technical and constructional articles, written by Britain's 
leading radio amateurs, and for the wide scope of its news 
coverage. The needs of newcomers arc not overlooked in 
the selection of technical articles. 

You will be able to use the world's largest and most com
prehensive free QSL Bureau, operated by the Society. Use 
of this efficient Bureau will save tbe active amateur and 
listener a great deal of trouble. QSL cards are sent to and 
received from the Bureau in batches. This eliminates the 
need for stamping, addressing and posting of individual 
cards. The Bureau distributes the cards via other National 
Societies' bureaux to amateurs throughout the world. Full 
details of how the QSL Bureau operates arc sent to every 
member on election. 

You will receive a certificate of membership and a lapel 
badge which identifies you as part of the Amateur Radio 
movement. Members who do not hold amateur transmitting 
licences are given special identification numbers for use in 
connection with the QSL Bureau, beginning BRS (British 
Receiving Station), ORS (Overseas Receiving Station) or A 
(Associate), followed by a number. 

You will be encouraged to contribute, according to your 
interests, to the advancement of Amateur Radio. Many 
members serve as local representatives, or on local or 
national comrruttces, or pass on to other members, through 
RADIO COMMUNICATION or by lectures, the results of their 
experiments and observations. The members in fact are the 
Society. 

The Society is recognized as the representative of the 
Amateur Radio movement in a ll negotiations with the Post 
Office on matters affectir\g the issue of amateur transmitting 
licences. 

The Society helps organize many special scientific studies 
and tests, and has set up a Radio Anu1tcur Emergency 
Network in collaboration with the British Red Cross Society, 
the St. John Ambulance Brigade and the Police. 

The Society maintains special committees deal ing with such 
subjects as television interference, mobile operation, v.h.f., 
technical matters, licences and the annual RSGB exhibition. 

The Society has been established for over half-a-century. 
It has a long record of sound and efficient administration, 
through an elected Council, aided by a full-time Secretariat. 

If you are over 21 years of age or hold an amateur trans
mitting licence you are eligible to become a Corporate 
member of the Society. You do not have to be engaged 
professionally in radio-but cquaUy this would not debar 
you from joining. Many members do in fact work in the 
electronics field .but for very many others radio is purely a 
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spare-time hobby. Those under 21 who do not bold an 
amateur transmitting licence may become Associates. 
Associates have many of the privileges of full membership 
but do not vote in the annual Council election or on matters 
affecting the management of the Society. Licensed amateurs 
cannot be Associates. 

How to Join the RSGB 

Joining the RSGB is simple, but there are of course certain 
formalities to be observed. As explained earlier, anyone 
with an active and genuine interest in Amateur Radio is 
warmly welcome to apply for membership. 

All applicants, for both Corporate and Associate member
ship, should be proposed by a Corporate Member of the 
Society to whom they are personally known. T he member 
simply completes the proposal on the Application Form, and 
you will fi nd that he will be glad to do this. Many newcomers 
to Amateur Radio-who are most welcome as members
may not know or be in touch with other members. In such 
cases a brief reference in writing should be submitted from a 
suitable person who can vouch for your interest in Amateur 
Radio. 

In order to apply for Associate membership, you must be 
under 2 1 years of age and not be a holder of an amateur 
transmitting licence. Associates must apply for transfer to 
Corporate membersh ip on reaching 21 years of age, or if 
under this age, immediately they obtain a transmitting 
licence. lf you wish to apply for Associate membership you 
should ask for the appropriate Application Fann. All 
applica tions are placed before the Council at its monthly 
meetings, generally held during the second week of the month. 

The current annual subscription rates are: Corporate 
Members £2 10s. Od.; Associates £1 5s. Od. The first year's 
subscription should be sent with the Application Form. 
There is no entry fee. After having been a Corporate Mem
ber for five consecutive years, a member may, subject to 
the approval of Council, commute all future annual sub
scriptions by a payment of £45. 

All correspondence should be sent to the Radio Society of 
Great Britain, 35 D oughty Street, London, W.C.I. 

WHAT THE SOCIETY DOES 

Some of the important activities of the Society have 
already been described, but there are many other ways in 
which the Society helps radio amateurs and all those inter
ested in Amateur Radio. A few of these arc outl ined below: 

Publications 

The main publishing activity of the Society is the monthly 
Journal, RADIO COMMUNICATION. However, the Society also 
produces many books and other publications to help the 
amateur. Because the Society is anxious to disseminate 
sound technical information as widely as possible, many 
are issued at prices well below what a commercial publishing 
organization would have to charge. A notable example is 
this Handbook. 

Some publications of the Society are specially wri tten for 
newcomers to help them obtain transmitting licences; these 
include A Guide to Amateur Radio, The Radio Amateur's 
Examination Manual and The Morse Code for Radio 
Amateurs. 

The Society also provides facilities for obtaining a selection 
of the many Amateur Radio publications issued in the 
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United States where there are over a quarter-million radio 
amateurs. T he most popular American publications are 
generally available immediately from Headquarters. 

Meetings 

Official Society meetings are held throughout the British 
lsles. Local meetings are held by RSGB Groups and by 
affiliated radio societies. Mobile rallies and specialized 
conventions arc also held regularly. A full list of Forth
coming Events appears monthly in RADIO COMMUNICATION. 

Frequencies 

The Society maintains close liaison with the GPO on all 
matters affecting licence facilities and the frequencies 
assigned to Amateur Radio, and sends official representatives 
lo the important World Radio Conferences of the l nter
national Telecommunication Union and other coofere11ces 
where decisions vi tal to the future of Amateur Radio are taken. 
The RSGB is a member of the lntemational Amateur Radio 
Union, the world-wide organization of national amateur 
radio societies. 

Contests and Field Days 

Many interesting Tests, Contests and Field Days-some 
of which arc open 10 listeners as well as transmitting members 
-are held each year . Trophies or Certificates are awarded 
to leading entrants. 

Achievement Certificates 

A number of Certificates representing graded degrees of 
achievement in Amateur Radio operating (receiving as well 
as transmitting) are issued by the Society. These include the 
DX Listeners' Century Awa.rd, the Worked the British 
Commonwealth Award, Four Metres and D own Certificates 
and the Commonwealth DX Certificate. The Rules govern
ing all awards arc available from RSGB Headquarters. 

News Bulletin Service 

Every Sunday morning special news bulletins for radio 
amateurs are transmitted, under the call-sign GB2RS, from 
stations throughout the British Isles in the 3·6 and 144 Mc/s 
bands. 

Slow Morse Transmissions 

The Society sponsors the transm1ss1on by amateurs 
throughout the country of Morse practice lessons intended 
for beginners. Details appear periodically in RADIO COM
MUNICATION. 

Beacon Stations 

By arrangement with the BBC the Society operates a 
beacon station on 144·5 Mc/s under the call-sign GB3VHF 
from Wrotham, Kent. 

GB3ANG at Craigowl Hill, D undee, is on 145·95 Mc/s. 
By arrangement with the ITA, GB3GI operates on 145·990 

Mc/s from Strabane, Northern Ireland. Details of other 
beacon stations appear in RADIO CoMMUNlCATION. 

• • 
The Society supports and encourages all activities " For 

the Advancmcnt of Amateur Radio." It welcomes within 
its ranks all those who share this view. 



CHAPTER 22 

GENERAL DAT A 

Bias Resistor 

The value of the resistance to be connected in the cathode 
lead for developing tho required bias is-

Ec Re = - x 1000 ohms 
l e 

where Ee= bias voltage required (volts) 
le = total cathode current (mA). 

Capacitance 

The capacitance of a parnllel-platc capacitor is-

0·224 KA . 
C = picofarads 

" where K = dielectric constant (a ir = l ·0) 
A = area of dielectric (sq. in.) 
d = thickness of dielectric (in.) 

lf A Is expressed in sq. cm. and din cm., 

0·0885 KA . 
C = d picofarads 

For multi-plate capacitors, multiply by the number of 
dielectric thicknesses. 

Capacitance of a co-axial cyclinder-

0·242 . 
C = - - -D picofarads per cm. length 

log,o 
d 

where D = inside dia. of outer 
d = outside dia. of inner. 

Capacitors in Series or Parallel 
The effective capacitance of a number of capacitors in 

series is-

C = I 1 I 
C

1 
+ C2 + C, + etc. 

The effective capacitance of a number of capacitors in 
parallel is-

C = C, + C2 + C, + etc. 

Characteristic Impedance 
The characteristic impedance Z 0 of a feeder or transmission 

line dependi; on its cross-sectional dimensions. 
(i) Open-wire line: 

2D 
Z0 = 276 log10 d ohms 

where D = centre-to-centre spacing of wires (in.) 
d = wire diameter (in.) 

(i i) Co-axial line: 

J38 d., 
Zo = .y K log,0 di ohms 

where K = dielectric constant of insulation between the 
conductors (e.g. 2·3 for polythene, l ·O for air) 

d0 = inside diameter of outer conductor (in.) 
d1 = diameter of inner conductor (in.) 

Decibel 

The decibel is the unit commonly used for expressing the 
relationship between two power levels (or between two 
voltages or two currents). A decibel (db) is one-tenth of a Bel 
(B). The number of decibels N representing the ratio of two 
power levels P 1 and P2 is ten times the common logarithm or 
the power ratio, thus-

P. . 
the ratio N = 10 log10 P, decibels 

If it is required to express voltage (or c11rre111) ratios in this 
way, they must relate to similar impedance values; i.e. the 
two different voltages must appear across equal impedances 
(or the two different currents muse flow through equal 
impedances). Under such conditions the power ratio is 
proportional co the square of the l'Oltage (or the current) 
ratio, and henee-

v. 
N = 20 log,0 v: decibels 

1. 
N = 20 log10 fi decibels 

Dynamic Resistance 

In a parallel-tuned circuit at resonance the dynamic 
resistance is-

L Q 
Rv = - = QwL ... -Cohms 

Cr w 

where L = inductance (henrys) 
C = capacitance (farads) 
r = effective series resistance (ohms) 
Q = Q-value of coi l 
w = 2r. x frequency (cycles/sec.) 

Frequency-Wavelength-Velocity 

The velocity of propagation of a wave is
v = /A centimetres per second 

where f = frequency (cycles per second) 
>. = wavelength (centimetres) 

For electromagnetic waves in free space the velocity of 
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propagation vis approximately 3 x 1010 cm./sec., and if/is 
expressed in kilocycles per second and >. in metres-

300,000 . 
f = ->.- kilocycles per second 

300,000 
>. = -

1
- metres 

>. 492 
Free space 2 = Mc/s feet 

>. 246 
Free space 4 = Mc/s feet 

Impedance 

The impedance of a circuit comprising inductance, 
capacitance and resistance in series is-

z = ,,JR~ + ( wL - wlC) ~ 
where R = resistance (ohms) 

w = l1r x frequency (c/s) 
L = inductance (hcnrys) 
C = capacitance (farads) 

Inductance of a Single-Layer Coil 

For coils of ordinary proportions, the inductance is given 
approximately by-

a' 11' 
L = 5 (3a + 9b) microhcnrys 

where a = diameter of coil (in.} 
II = number or tUrDS 
b = length of coil (in.) 

By rearranging the fo rmula-

,. ... radius of coil 
I = length of coil 

! 
II = a \! 5 L (Ja + 9b) 

Slug Tuning. The variation in inductance obtainable with 
adjustable slugs depends on the winding length and the size 
and composition or the core and no universal correction 
factor can be given. For coils wound on Aladdi.n type F804 
formers and having a winding length of 0·3-0·8 in. a dust
iron core will increase the inductance to about twice the 
air-core value: a brass core will reduce the inductance to a 
minimum of about 0·8 times the air-core value. 

Inductances in Series or Parallel 

The total effective value of a number o f inductances 
connected in series (assuming that there is no mutual 
coupling) is given by-

L = L 1 + L 2 + L 3 + etc. 
If they are connected in parallel, the total 2ffective value 

is-

L ~ I 

l, + L , + L, + CIC. 

22.2 

When there is mutual coupling M, the total effective value 
or two inductances connected in series is-

l = L, + Li + 2 M (windings aiding) 
or L = L1 + L~ - 2 M (windings opposing} 

N eon Stabilizer Dropper Resistance 

The resistance 10 be connected in series with a neon 
stabilizer tube is-

£, - Er 
R = --

1
- x 1000 ohms 

where £, = unregulated h.t. supply voltage (volts) 
Er = regula ted h.t. supply voltage (volts) 

I = maximum permissible current in regulator tube 
(milliamperes) 

Ohm's Law 

For a unidirectional current of constant magnitude flowing 
in a metallic conductor-

E 
f= -

R E = JR 

where I = current (amperes) 
E = voltage (volts) 
R = resistance (ohms). 

Power 

E 
R=-

1 

Tn a d.c. circuit the power developed is given by

£' 
W = El = R = FR watts 

where £ = voltage (volts) 

Q 

I = current (amperes) 
R = resistance (ohms) 

The Q-value of an inductance is given by
wl 

Q - 1( 

where w = 2n x frequency (cycles/sec.) 
L = inductance (henrys) 
R = effective resistance (ohms) 

Reactance 

The reactance of an inductance and a capacitance rc
spect ivcly is given by-

1 
X1, = wL ohms Xo = wC ohms 

where '" = 2n x frequency (cycles/sec.) 
l = inductance (henrys) 
C = capacitance (farads) 

The total reactancc of an inductance and a capacitance in 
series is XL - Xo. 



Resistances in Series or Parallel 

The effective value of several resistances connected in 
series is-

R = R1 + R: + R3 + etc. 

When several resistances arc connected in parallel the 
effective total resistance is-

R = 1 

Ri + R, + Ra + etc. 

Resonance 

The resonant frequency of a tuned circuit is given by-

}
. 1 
~ -----= cycles per second 

2n·v LC 

where L - inductance (beorys) 
C =- capaci tance (farads) 

If Lis in microhenrys (}.tH) and C is in picofarads (pF = ,,, .. F) 
this formula becomes-

100 
I~ ---= kilocycles per second 

2n ../LC 

The basic formu la can be rearranged thus : 

I 1 
L - 4n'}-C heorys C = 4n'f'L farads 

Since 2-.r/is commonly represented by "" these ex1Jressions 
can be written as-

J 
L = w2C henrys 

I 
C = w~L farads 

GENERAL DATA 

T ime Constant 

For a combination of inductance and resistance in series 
the time constant (i.e. the time required for the current to 
reach J/E or 63 per cent of its final value) is given by-

L 
1 ~ R.seconcls 

where L = inductance (henrys) 
R = resistance (ohms) 

For a combination of capacitance and resistance in series 
the time constant (i.e. the time required for the voltage across 
the capacitance to reach 1/£ or 63 per cent of its final value) 
is given by-

t = C R seconds 

where C = capacitance (farads) 
R = resistance (ohms) 

Transformer Ratios 

The ratio of a transformer refers to the ratio of the 
number of turns in one winding to the number of turns in 
the other winding. To avoid confusion it is always desirable 
to state in which sense the ratio is being expressed: e.g. the 
" primary-to-secondary" ratio 1111/ 11.. The turns ratio is 
related to the impedance ratio tbus-

!2 = JZP 
11, z. 

where 1111 = number of primary turns 
11,. = number of secondary turns 
Z1, = impedance of primary circuit (ohms) 
Zs ~ impedance of secondary circuit (ohms) 

CO NN ECT IONS FOR WODEN MODULAT IO N TRA N SFORM ERS TYPES UM1 , UM2, UMJ & U M4 

PRIMARY SECONDARY CONNECTIONS AND IMPEDANCES FOR R.F. LOAD 
CONNECTIONS - ----

FOR MODULATING Join Join Join Join Join Join Jo in Join Join Join I Join Join Join 
VALVES 9and10 9 and 10 9 and 10 8 and 9 7 and 9 8 and 9 3 ond 1 3 and 1 2 >nd 3 3 and 4 1 and 3 7 and 11 1 and 5 

con n. to conn. to conn. to conn. to 10ond12 10;ind 11 conn. to conn. to conn. to conn. to 4 and 6 8 and 1l 2 and 6 
A to A Audio Valves 7 and 12 8 ond 12 Sand 11 7 and12 conn. to con n. to 1 and 6 2 and 6 1 and 6 2 •nd S conn. to conn. to conn. to 

Imp. - --- 7and10 8•nd 10 1 and 1 7 and 8 1 and 2 
Ohms A CT A 

'--
2000 2 3- 1 5 8600 6350 1300 3620 21SO 1070 - - - - - 200 -
2000 1 1- 4 6 15700 11400 7900 66SO 3920 1950 - - - - - 350 -
3000 2 3- 4 s 13000 9400 6500 5500 3240 1610 - - - - - 300 -
3000 1 2- 5 6 23500 17000 11800 10000 5900 2950 - - - - - 510 -
3800 2 3- 1 s 16400 12000 8200 7000 4100 2050 - - - - - 380 -
3800 1 2- 5 6 29800 21500 15000 12600 7500 3740 - - - - - 660 -
1000 2 3- 4 5 17400 12500 8650 7300 4300 2160 - - - - - 400 -
1000 8 9- 10 11 - - - - - - S500 3450 2850 1850 1380 - 250 
5000 2 3- 1 5 21600 15700 10800 9150 5400 2700 - - - - - 500 -
5000 8 9- 10 11 - - - - - - 7000 4300 3500 2300 1730 - 300 
6000 1 3- 1 6 8600 6350 1300 3620 2140 1070 - - - - - 200 -
6000 8 9-10 11 - - - - - - 8300 5150 1250 2750 2180 - 370 
6600 1 3- 1 6 9500 7000 1750 1000 2350 1180 - - - - - 220 -
6600 8 9- 10 11 - - - - - - 9100 5650 1660 3000 2100 - '405 
7000 1 3- 1 6 10000 7300 SOSO 1280 2500 1250 - - - - - 230 -
7000 8 9- 10 11 - - - - - - 9700 6000 5000 3200 2100 - 430 

' 8000 1 3- 4 6 12000 8400 5800 4900 2900 1'410 - - - - - 270 -
8000 8 9-10 11 - - - - - - 11000 6900 5650 3700 2760 - 500 
9000 1 3- 1 6 13000 9100 6500 5500 3200 1620 - - - - - 300 -
9000 8 9-10 11 - - - - - - 12500 n5o 6300 1150 3100 - 550 
9000 7 9-10 12 - - - - - - 6200 3900 3200 2050 1550 - 275 

10000 1 3- 1 6 1«00 10500 7200 6100 3600 1800 - - - - - 330 -
10000 8 9-10 11 - - - - - - HOOO 8600 7100 4600 3450 - 600 
10000 7 9-10 12 - - - - - - 6900 4300 3500 2.300 1740 - 310 
12000 1 3- 4 6 17400 17.500 8700 7250 4310 2150 - - - - - 400 -
12000 7 9-10 12 - - - - - - 8300 5150 4250 2750 2070 - 370 
14000 7 9- 10 12 - - - - - - 9700 6000 4900 3200 2'140 - 430 
16000 7 9-10 12 - - - - - - 11000 6900 4600 3700 2789 - 500 
1AOOO 7 9-10 12 - - - - - - 12500 7750 6300 4150 3HO - 550 
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W INDING COILS ON STANDARD FORMERS 

Coil formers of the Aladdin type are widely used in modern 
radio eq uipment. There is, however, always the problem of 
calculating the n umber of turns required. For this reason 
two charts have been prepared by J . Greenwell (G3AEZ) 
to enable the amateur to calculate quickly and easily the 
necessary winding data. 

Use of Chart 22.2 

The use of Chart 22.2 is best illustrated b)' describing a 
typical calculation. 

Example: //. is required to 111i11d a coil 011 an Aladdin type 
F804 former wlticlt will resonate at 7 1\tfc/s with a 50 p.F 
capacitor. 

The method is as follows: 
1. D raw a straight line through 50 pF (axis A) and 7 Mc/s 

(axis B). 
2. Project the line to cut axis C and read orr the required 

inductance, which in this case is .10·3 µH. 
3. Draw a borizon1al line through 10·3 µHon axisDaod a 

vertical line through a reasonable winding length (say 0·5 in.) 
and determine the most suitable wire gauge to use, i.e., 32 
s.w.g. 

4. From the 32 s.w.g. curve determine the exact winding 
length lo give an inductance of 10·3 µH, i.e., 0·48 in. 

The coil required will therefore be close wound with 32 
s.w.g. emtmelled copper wire and 0-48 in. long. 

If desired, the number of turns may be calculated using 
wire tables (such as Table 22.1) from which it will be found 
that the turns per inch for 32 s.w.g. enamelled copper wi re is 
83. Hence, a winding 0·48 in. long will consist of (83 x 0·48) 
= 40 turns. 

TABLE 22.1 

The Collowinc n.b le , prepared from information provided by the 
London Electric Wire Company, s howt the min imum turns per in. 
for enamelled copper wire of the 1:1.uees most commonly used by 
amateurs. 

Gauge Turns Gauie Turns 

20 s.w.g. 26 t.p.i 32 s.w.g. 82·6 t .p .i. 
22 s.w.g. 33 t .p .i. 31 s.w.g. 96·2 t .p.i. 
21 s.w.g. 41 ·5 t.p.i. 36 s .. w.g. 116·3 t.p.i. 
26 s.w.g. 50·3 t.p.i. 38 s.w.g. H4 ·9 t.p.i. 
28 s.w.g. 61 t.p.i. 40 s.w.g. 178·6 t .p.i. 
JO "w.g. 72·5 t .p,i. 42 s.w.g. 212 t.p.i. 

F or coils of low inductance, i.e., Jess than I µH, it is 
advisable to space wind rather than close wind with a heavy 
gauge wire. Curves are, therefore, gi\·en in Chart 22.2 for 
pitches of 10, 15 and 20 turns per inch using 26 s.w.g. 
enamelled copper wire. Other gauges may be used, however, 
without introducing significant errors. 

The values shown io Char t 22.2 have been calculated for 
Aladdin F804 formers without cores. The variation in 
inductance obtainable with dust-iron or brass cores depends 
on the winding length and composi tion of the core materia l 
and therefore no simple correction factor may be quoted. 
However, experiments show that for coils between 0·3 and 
0·8 in. long a dust-iron core wi ll give a maximum possible 
inductance of about twice the "core-less" inductance and a 
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brass core a minimum possible inductance of about 0·8 times 
the " core-Jess " inductance. These factors should be borne 
in mind when designing variable inductances from the charts. 

Chart for 0.3 in. Diameter Formers 

The inductance required is found from Chart 22.2 in the 
same way as for Aladdin F804 formers and the winding 
detai Is detemli.ned from Chart 22.l. 

Measurements show that the effect of a screening can on 
the average coil wound on 0·3 in. diameter formers is to 
reduce the inductance by about S per cent. 

When designing very low inductance coils, an allowance of 
approximately 0·15 1d-l should be made for the leads. 
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AUDIO FREQUENCY STANDARD 

A piano can be used as an accurate standard of audio 
frequency. The standard pitch is based on A = 440 cycles 
per second. 

COMPARISON OF CENTIGRADE AND 
FAHRENHEIT THERMOMETER SCAL ES 

Centia:,.ade I Fahrenheit C enti1rade. Fahrenheit 

- so - 58 + 80 j + 176 
- 45 - 49 + 85 + 185 
- 40 - 40 .,.. 90 T 194 
- 35 - 31 .,. 95 ... 203 
- 30 - ll ;. 100 .,. 112 
- 15 - 13 + 105 + 221 
- 10 - 4 + 110 i· 1 30 
- 15 + 5 + 115 + 239 
- 10 + H + 120 + 248 
- 5 + 1 3 + 125 + 1 57 

0 + 32 + 130 + 166 
+ 5 + 41 + 135 + 175 
+ 10 + so + 140 + 184 
+ 15 + 59 + H S + 293 
+ 20 + 68 + 150 + 302 
+ 25 + 77 + 155 + 311 
+ 30 + 86 + 160 + 320 .,. 35 + 95 + 165 + 329 .,. 40 + 104 + 170 + 338 .,. 45 + 113 + 175 + 347 
+ so + Ill + 180 + 356 
+ 55 + 131 + 185 + 365 
+ 60 + 140 + 190 + 374 
+ 65 + 149 + 195 + 383 
+ 70 + 158 + 200 + 392 
+ 75 + 167 

USEFUL TWIST DRILL SIZES 

-
ton. 1 9 17 H 

"~ ~ Twist Dri ll N o. 0·250 0·228 0·196 0·173 0·151 O: 116 0-089 0;070 
in. in. in. in. in. 1n. 1n. 10. ,_ 

Cle.a.ranee for wood -
screw No. 

14 1 11 
10 8 6 4 2 0 

Clear~ncc for B.A. 0 1 l 3 4 6 8 1 10 
Tappin, si1e for B.A. - 0 1 l 4 6 8 

GREEK ALPHABET 

Capital 
letters 

A 
B 
r 
.l 
E 
z 
H 
0 
I 
K 
A 
M 
N 

0 
IT 
p 
~ 
T 
1' 
\l> 
x 
'F 
Q 

Small 
letters 

"' f3 
y 
~ 
£ 

~ .,, 
8 

K 

:I 
,~ 

g 
0 

" 
p 

T 

IJ 

<P 
x 

"' w 

Greek 
name 

Alp/r(I 
Be1a 
Gamm(I 
De/f(I 
Epsif 011 
Ze1a 
Eta 
Theta 
Iota 
Kappa 
Lambda 
Mu 
Nu 
Xi 
Omicron 
Pi 
Rho 
S igma 
Tau 
Upsilon 
Phi 
Chi 
Psi 
Omega 

VALVE SOCKET FI X ING 

Socket Type 

84 and BS ... . .. 
UX4 and UX5 ... • .. 
87G ... . .. .. . 
88 (Octal and l octal) .. . 
89A (Nov•I) ... .. . 
89G ... ... . .. 

I Socke t 
H o le 

Dia m. 

1t 
It 
l 

11 
1! 

Fix inc 
H ole 

Centres 

English 
equivalent 

a 
b 
g 
d 
e 
z 
e 
th 
i 
k 
I 
m 
n 
x 
0 

0 
p 
r 
s 
t 
LL 

ph 
ch 
ps 
6 

F ixi n& H ole 
S ize 

Ii (No. 14 drill! 11 (No. 24 drill 
i (No. 32 drill 

-It (No. 24 drill 
t (No. 32 drill 

{, (No. 24 drill) 

STANDARD WIRE TABLE 

Curre nt• 
s.w.g. Diam eter :it 

(i nch es) IOOOA/l n.' 

12 0·104 O·S 
14 0·08 5·03 
16 0·064 3-217 
18 0·048 1·81 
20 

I 
0·036 1·02 

22 0·028 0·61 
24 O·Oll 0·38 
16 0·018 O·lH 
28 0·0148 0·17 
JO 0·0214 0·12 
32 0·0108 0·09 
34 0·0092 0·07 
36 0 ·0076 0·05 
38 0 ·006 0·03 
40 0·0048 0·018 
42 0·004 0·0126 
H 0·0032 I 0 ·008 
46 0·0024 0·0045 

22.8 

T U RN S PER IN C H 
Resistance 

Fusi ng ohmst Single Dou ble S in gle 
cu rrent 1000 yd. cotton cotton sil k 

- 2-83 - 8· 48 -- 4·78 - 10·7 -
166 7·46 14·1 1).) 15 
107 13-27 18·3 17·3 20 
69·9 23-6 24-1 21·7 16·3 
48 39 29·8 26-3 J H 
33-4 63-2 37 31 ·3 42·1 
1'1·7 94 ·3 H·S 35-7 50·6 
18·4 139·5 50·5 40·2 60· 4 
14·1 199 ·0 57·5 44·7 7l 
11-5 261 63·5 50·5 81-3 - 361 70·5 54·9 93 ·4 
6·79 529 86·2 64·1 110 
- 849 100 71·4 133 
)·41 1326 112·5 78·1 159 - 1910 - - 192 
- 2985 - - 227 
- 5307 - - I 178 

Not~(•) Current (o;iding may be used up to 2000A/in.1 

Ct) Some small varfations depending on m:akcN. 

Double 
s ilk 

--
H ·7 
19·6 
15-3 
31 ·8 
40 
47·6 
56·1 
67·1 
75·2 
85'5 

102 
121 
Hl 
161 
185 
217 

N ea rest 
En amel Ame ri can Weight 

wire gauge yards/ lb. 

9·16 10 10 
12·1 12 17 
14·8 H 27 
19·7 16 48 
26·1 19 85 
33-3 21 

I 
140 

41-1 13 227 
50·6 15 340 
61·4 17 503 
73·3 28 716 
83 19 9 44 
98 31 1300 

116 32 1905 
HJ H 3060 
180 36 4775 
117 38 6880 
170 40 10,750 
357 

I 

I 



A 
Abacs 

For determining Anode 
Tank Capacitance .. 

For determining Grid Tank 
Capacitance . . . . 

A.C. (Alternating Current) 
Circuits . . . . 
Frequency or 
Measurement 
Resistance .. 
R.M.S. 
Valve Voltmeter 

Acceptor Circuit 
Accumulator . . . . 
Acoustic, Basic Principles 
Adler Tubes 
Aerials 
Aerials, H .F. 

Aerial Couplers .. 
Aerial Transformers 
Array Factor . . . , 
Asymmetrical Twi11 Feed .. 
Attenuation and Loss 
Baluns .. 
Beam Aerials . . . . 
Broad s ide, H orizonta l 

Arrays .. 
Broadside, Vertical a nd 

Stacks . . . . 
Centre Fed Wire . . . . 
Characteristic Impedance 
Clemens Match . . . . 
Collinear Arrays 
Construction 

6.36 

6.34 
1.14 
1.1 5 
1.15 
19.3 
2.5 

1.15 
19.5 
1.17 

1.2 
9.1 1 
2.23 
1.27 

13.35 
13.23 
13.41 
13.51 
13.18 
13.29 
13.54 

13.56 

13.58 
13.33 

13.8 
13.25 
13.55 
13.75 
13.24 Delta Match 

Dipoles . . . . 
Dipoles, Multiband 
Directive Properties 
DJ2ZF Multiband 
Earth Connections 
Earth Systems 
End Feeding 
End-fire Effect .. 
Feeder Measurements 
Flat Lines .. 
Folded Dipoles .. 
Frequency Switches 
F7FB All Band Dipo les 
Gamma Mmch .. 
Ground Plane .. 
G4ZU Birdcage .. 
G5RV 102rt. Dipole 
Images . . . . 
Impedance Matching .. 
Impedance Measurement. . 
Input Impedance .. 
LazyH .. .. 
Lightning Protection 

13.3, 13.48 
13.71 
13.38 
13.54 
13.3 1 
13.45 
13.3 1 
13.52 
19.25 
13.34 
13.22 
13.73 
13.54 
13.24 
13.68 
13.67 
13.72 

Line Transformers 
Linear Transformers 
Long Wire Horizontal 
Marconi .. 
Marconi Elfect 
Measurements 
Minibeam . . 
Multee Two Band .. 
Multiband Aerials 
Multiband Couplers 

13.42 
13.22 

19.8 
13.14 
13.57 
13.74 
13.15 
13.25 
13.51 
13.44 
13.37 
13.77 
13.73 
13.54 
13.71 
13.37 

INDEX 
Network Transformers . . 13.28 
Parasitic Arrays . . 13.63 
Performance Measurement 13.77 
Phasing Lines 13.58 
Polar Diagrams 13.39, 13. 78 
Quad, Cubical 13.66 
Quarterwave Transformers 

13.26, 13.27 
Radiation Patterns 13.39 
Radiation Resistance 13.4 
Receiving Aerials . . 13.80 
Reflection Coefficient 13.12 
Reflectometer 13. 70, 19.26 
Resonant Aerials 13.2 
Rhombic . . 13.61 
Ribbon, 300 Ohm 13.54 
Standing Waves . . 13.2 13.10 
Sterba Curtain 13.57 
Stubs 13.25 
Switching, Electronic J0.72 
Tapered Lines 13.28 
T ee Match . . 13.24 
T hree and Four Element . . 13.64 
Three Band . . 13.56 
Transmission Lines 13.7 
Travelling Waves . . 13.2 
T uned Lines 13.32 
T wo Element 13.63 
V Beam 13.61 
Velocity Factor 13.10 
Vertical 13.68 
Voltage Standing Wave 

13.13 
13.50 
13.49 
13.51 
13.58 
13.53 
13.53 
16.32 
16.33 
16.37 

Ratio 
VS I AA Aerial 
Windom .. 
Windom, Double .. 
WSJK End Fire Array 
Zepp 
Zepp, fatcndcd Double 

Aerials, Mobile 
Capacity Hal 
Halo Aerials 
Loaded Whip P ower 

Distribution 16.34 
.Loaded Whip, Tuning 16.35 
Loading Coils 16.33, 16.34, 16.35 
Loading Tuned Whips 16.36 
Low-frequency, Vertical . . 16.33 
Moni tormg Field Strength 16.38 
V.H.f. Aeria ls . . 16.36 

Aerials, V. H.F. and U.H.F. 
Angle of Radiation 
Arrays 
Balun 
Bandwidth 
Beamwidth 

14.3 
14. 10 

14.6, 14.23 
14.2 
14.1 

14. 15 
14.13 
14.2 

Bi-square . . 
Broadside Arrays .. 
Capture Area . . . . 
Characteristics of Typical 

R.F. Feeder Cables 
Construction 
Corner Reflector 
Cubical Quad 
Delta Match 
Directivity 
Element Securing Clip 
Feeders for 
Front-to-back Ratio 

14.4 
14.21 
14.16 
14.15 
14.10 

14.2 
14.23 

14.4, 4.5 
14.2 

Full-wave Dipoles 
Gain . . . . 
Half-power Points 
Hcijlht above Ground 
Helical . . . • 
Horizontally Polarized 
llluminnted Area 
Impedunco Matching 
Isotropic . . . . 
Long Helix 
Long Yagi 
Matching .. 
Metal Insulators 
Minor Lobes .. 

14.13 
14.1 
14.J 
14.3 

14.20 
14.3 
14.1 
14.7 
14.l 

14.21 
14. 13 

14.7 
14.5 
14.7 

Multi-radiator Arrays 
Open Wire Feeders 
Parabolic Reflector 

14.3, 14.10 
14.5 

Polar Diagram 
Polarization . . . . 
Power Gain and Bandwidth 
Quarter Wave Lines 
Q Factor . . . . 
Reflex Aerial . . . . 
Resonant Lengths or Full-

wave Dipoles . . . . 
Resonant Lengths or Half-

wave Dipoles . . . . 
Skeleton Slots 

14.19 
14.1 
14.3 
14.1 

14.10 
14.9 
14.8 

14.14 

14.11 

14.12, 14.13, 14.15, 14.21 
Stacked and Bayed Arrays 

14.12, 14.13 
14.7 
14.9 

Stub Matching 
Stub Tuners . . . . 
Surface Wave Transmission 

Linc . . . . . . 14.5 
Tuning Adjustments . . 14.21 
Trough Rcnector . . 14.17. 14.18 
Yagi Arrays 14.10, 14.1 1, 14.12, 

14.13, 14.21, 14.23 
Yagi Design Curves 14.12 

Ampere . . . . 1.3 
Amplification . . . . 1.29 

Amplifict1tion Factor 2.5 
Linear, theory of 10.28 

Amplifiers (General) 
Anode Follower 
Cathode Follower . . 

2.14, 9.17 
9.17 

2.9, 9. 19, 10.43 
.. 2.10, 9. 19, 9.35 

2.10, 9.19, 9.35, 10.44, 

Class A 
Class B 
Class AB 

10.47 
ClassC 2.11 
Multi-stage 9.15 
Neutralized . . 2.11 
Push-pull 9.15, 2.10 
Paraphuse 2. 14, 9.16 
R/C Coupled . . . . 2.12 
R.F. Adjustment . . . . 10.39 
Speech Amplifier Valves . . 9.18 
Transformer Coupled 9. 15 
Ultra-linear 2.11, 9.19 
Voltage . . 2.12, 9.13 

Amplifiers (Practical) 
Grid-Tuned 
G2DAF Linear 
G2MA Linear 
Linear .. 
1121 Linear 
100 Watt Linear 

10.50 
10.62 
10.61 
10.43 
10.53 
10.57 

23.1 
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Amplifiers (Practical)-co111. 
300 Watt Passive Grid 
400 Watt Passive Grid 

Amplitude Modulation 
Anode .. 

Anode Bend Detectors 
Dissipation 
Follower . . 
Neutralization 

Anode Tank Circuits 
Aperture or Capture Arca 
A.T. Cut Crystals 
Atoms 
Audio F il ter 
Audio Frequencies 

A.F. Stages 
Automatic Bias Resistor 
Automatic Gain Control 
A utomatic Noise Limiters 
Auroral Rcllcction 

B 

10.58 
10.58 

9.1, 9.4 
2.2 

2. 17 
2.6 

2.14 
7.9 

6.34 
14.2 
l.31 
I. I 

9.30, 9.31 
9.1, 9.2 

4.24 ,9.13 
2.3 

4.22, 4.23 
16.4 

12. 18 

Bala nced and Unbalanced 
Circuit . . . . . . 1.25 

Baluns . . . . 13.29, 14.6, 14.23 
Bandpass Fi lters, Crystal . . 4.16 
Bandspreading . . 4.6 
Batteries Stora11e, Care or 16.38 
Beam Parametric Amplifiers 2.23 
Beam Tetrodes . . 2.4 
Beat Frequency Oscillato~ 

(B.F.0.) . . 4.21, 16.17 
Bias . . . . . . . . 2.3 

Auto matic Bias Resistor . . 2.3 
Cathode . . . . 2.3, 6.31 
Drive or Grid Resistor 6.32 
Fixed . . 6.31 
Grid Leak . . 2.3 
Supplies . . 17.17 

Birdies . . 4.14, 4.38 
Break-in 

Changeover, Switches and 
Relays . . . . 8.7 

Complete Systems. . 8.16 
Fast Aerial Switching 8.13 
Full Break-in . . 8.12 
Receiver Muting 8.15 
Switching, Dry Recd 8.14 

Broadcast l ntcrfcrence. . 8.14 
Butler Osci llator 5.8 

c 
Capacitance . . .. . . I. 1 

Anode Tank, Abac for de-
termining . . . . 6.36 

Grid Tank, Abac for deter-
mining . . 6.34 

Capacitors 1.8 
Air-d ielectric . . 1.8 
Capacitors in Paralle l 1.9 
Capacitors in Series 1.9 
Ceramic 1.8 
Coaxial 16.2 
Diode . . 1.8 
Electrolytic l.8 
Feed-through l.9 
Fixed . . 4.35 
fnput Filter 17.9 
Mien . . 1.8 
Paper . . 1.8 
Ratings . . 17.6 
Reactance of 1.15 
Split-stator. . 1.9 
Suppression 16.2 

Capacity Hat, for use with 
Mobile Aerial . . 16.33 

Carrier Insertion Oscillator . . 4.41 
Cascode R.F. Amplifier 5.9, 5.10, 5.11 
Cathode . . . . 2.1 

Bias.. 2.3 
Coupled Phase Splitters 2.15 
Follower 2.13 

23.2 

Follower Driven 
lnicrface Impedance 
Modulation 

Cathode Ray T ubes 
Oscilloscope 

Cell 
Primary 
Secondary 

Characteristic Impedance 
Characteristics Valve 

Transistors .. 

9.15, 9.16 
2.8 

9.10 
2.24 

19.40 

1.2 
1.2 

13.8 
2.5-2.8 

3.4 
8.2 

17.10 ~~fe In.put Filter : : 
Circuit Noise of V.H.F. Re-

ceiver .. 
Clamp Valve .. 
Class A Operation 

5.2 
6.30 

2.9, 9. 19 
2.10, 9.19, 9.20 Class ABI 

Class AB2 
Class B .. 
Class C . . 
Clemens Match 
Clippers . . 
Coaxial 

. . 2.10, 9.20, 9.35 
2.10, 2.12, 9. 19, 9.20, 9.35 

.. 2.11, 2. 12 

Balun 
Cables 
Capacitor 
Circuits 
Line F ilter 

Codes 
Mo rse 
Murray 
Q .. 
RST 
SIN PO 
z 

.. . . 13.25 
9.25, 9.26, 9,29, 9.38 

14.6, 14.23 
14.4, 14.6 

16.2 
7.6, 7.41. 7.46 

18. 18 

.. l .35,20.2 
11.2 
20.4 
20.3 
20.3 

Coils (Inductors) . . . . 
20.4 
I. II 
4.34 
l. 12 

Coils and Wavechanging .. 
Dust l ron Cores .. 
Resistance of 
Series and Parallel 
Winding Data . . 

Cold Cathode Stabilizers 
Collector, Transistor 
Collinear Arrays 
Colour Code 
Colpitts Oscillator 
Complementary Sy.~met ry 

Amplifiers . . . . 
Compression, Volume .. 
Conductance Conversion 
Conductance Mutual 
Conductors 
Coniiguration 

l. 16 
1.1 3 
4.34 

17.1 3 
1.33 

13.55 
1.6 

5.6, 4.9 

3.8 
9.28 

2.8 
2.5 
I. I 

Basic Transistor 3.3 
Equivalent Transistor 3.1 5 

Contact Po tential . . 2.9 
Recti fication 18. I 0 

Control Systems 10.68 
Unit, Electronic, Voice 10.69 

Conversion Gain 2.8 
Converters, Power Supply 16.30, 16.31, 

16.32, 16.14, 16. l I 
Converters, H.F. 

Crystal Controlled Con-
verter 16.10 

Low Cost High Sta bility 
Converter 4.53 

Low N oise High Sta bility 
Mobile Converter 16.9 

Low-voltage Valve Conver-
ter I 6. 7 

J ·8 and 3·5 Mc/s Transis-
torized Converters 16. 14 

Converters, V.H.F. 
F.E.T. Converter for 70 

and 144 Mc/s . . 5.21 
Low-voltage Nuvistor Con-

verter . . . . 16.8 
N uvistor Hybrid Converter 16.8 
R.S.G.B. 2 Metre Con-

verter 5.11 

Simple Nuvistor Converter 
for 144 Mc{s . . . . 

Si~~is N~~1stor .. for '.~ 
144 Mc/s Nuvistor Con

verter 
144 Mc/s Transistor Con

verter 
Converters, U.H.F. 

F.E.T. 430 Mc/s CoO\·crter 
High Gain 430 Mc/s Con

verter 

5.14 

5.16 

5. 17 

5.19 

5.43 

5.36 
5.34 Simple 420 Mc/s Converter 

Tra nsistorized 432 Mc/s 
Converter 5.38 

Cosmic Noise 15.6 
Coulomb . . 1.3 
Coupling 2.12, 1.20 

Bandpass 6.20 
Capucitive. . . . 6.19 
Choke Capacita nce 2.12 
Coupled Circuits . . 1.20 
Critical . . . . 1.20 
Inductive 1. 11 , 1.20, 6.20 
Interstage, Pi-Network 6.22 
Link . . . . 6.21, 6.40 
Output . . . . 6.40 
Para llel Anode Feed 6.22 
Resistance Capaci tance 2.12, 2.13 
R.F. Choke . . 6.22 
T ransformer . . 2.12, 9.15 
T ransistor Stages . . . . 3.6, 6.23 
Tuned-anode 2. 12 

Critical Frequency 12.9 
Wave Angle 12.9 

Cross Modulation . . 4.6 
Crystal Calibrator, T ransistor 19.13 
Crystal Controlled Mobile Con-

verter .. 16.11 
Crystals . . . . 

A.T. Cut .. .. 
I 31 
1.31 
l.32 
1.32 

Equivulent Circuit 
Etching 
Fil ters .. 

Crystal Oscillators 

Curing BCl 
CuringTVI 
Current .. 

Magnetizing 
Cut-off Tail .. 
C.W. Reception 

D 

4.15, 4.16, 4.17 
l.32. 4.9, 4.11, 5.7, 

5.8, 6.1, 7. 1, 7.2 
18.14 
10.10 

1.3 
1. 11, 1.23, l.24 

2.5 
4.39 

D-Layer . . 12.7 
D.C. measurements 19.1 
Decibels . . 1.5 
Detectors 2.16, 2.17 

Anode Bcod 2.1 7 
Diode . . . . 2. 16 
lnllnitc l °=1pedance 2. I 7 
Leaky G rid . . 2.16 
Power Grid . . 2. 17 
Product o r Heterodyne 4.20, 4.41 
Regcneralive . . . . 4.20 

Dicken Self-fo llowing Limi ter 16.5, 16.6 
Dielectric Constants I. 7 
Diodes l.28, 1.29 

Junction 17.7 
No ise 19.35 
Power 3.10 
Silicon 3.11, 17.5 
Tunnel . . 3.12 
Variable Capacity. . 3.12 
Zener . . . . 3. 11, I 7 .15 

D iode Capacitors 4.36 
Diode Switching 4.36 
Dipoles 13.3 

Full-wave . . 14. l l 
Half-wnve 14.14 
Multiband . . 13.71 
Stacked 13.58, 14.13 



Directive Properllcs of Aerials 13.38, 14.2 
Discriminators . . . . . . 4.43 

Foster-Seeley 4.43, 4.44 
Four-Diode 4.44 
Gated Beam 4.44 
Phase . . 4.44 
Radio-Detector . . 4.43 
Travis . . . . 4.43, 4.44 

Display Unit, Monitoring 19.37 
Dissipation 

Anode 
Grid 
Screen 

Drift .. 

2.6 
2.6 
2.6 

2.18 
2.23 
2.12 

Drift Space .. 
Drive Power, Grid 
Dual-Band Mobile Transmit-

ter for I ·8 and 144 Mc/s 
Dummy Load 
Dust Iron Cores 
Dynamic Resistance 
Dynamotors 

£-Layers 
Earphone 
Earthing 
Earth Systems .. 
Electrical Units .. 

Capacitance 
Decibels and Ncpcrs 
Ohm's Law 

16.27 
1.35, 7.5 1 

1.12 
1.1 S 

1.3, 16.29 

12.7 
. . 1.11 

9.24, 4.34 
13.45 

1.3 
1.7 
1.5 
1.4 

Power 
Resistance and Conduct

ance 

1.4 

1.3 
1.1 0 
2.24 
1.11 
1.26 
2.1 

Electromagnets 
Deflection 
Induction .. 
Spectrum .. 

Electron Flow .. 
Electronic Keys . . 
Electron Multipl iers 
Elcclrostatic Focusing .. 
Emission 

Primary 
Secondary . . . . 

Emitter, Dull and Bright 
Emitter, Transistor 
End-fire Array .. 
End-fire Effect .. 

8.9 
2.21 
2.24 
2.8 
2.8 
2.8 
2.1 

1.33 
13.58 
13.52 

Equivalent Noise Resistance 
Equivalent Noise Temperature 
Exciter 

2.7, 4.8 
19.33 

Hybrid, SSB 
9 Mc/s, Phasing 

Exponential Curves 

F-Laycrs .. 
Fading . . . . 
Fading and Fadeout 

Absorption 
Interference 
Ionospheric Storm 
PolarizatioD .. 
Selective 
Skip .. 
Solar Radiation 

Faraday Screen 
Feedback 

10.48 
10.47 

1.1 3 

12.7 
. . 1.28 
6.25, 12.13 

12.13 
12.13 
12. 13 
12. 13 
12.13 
12.14 
12.13 
1.25 

Negative J.30, 9. 17 9.18 
Positive . . . . 1.30 

Feeders and Feed Systems 13.20, 14.4, 
14.5, 14.10 

13 7 Coaxial Feeder 
Single Wire feed 
Twin Line 

Fcrrites . . . . . . 
F.E.T. Characteristics .. 
F ield Strength . . . . 
Field Strength Meter .. 

13.7 
13.7 
1. 12 
3. 15 
12.3 

19.28 

Filters .. 
A.F. 

1.21, 9,30 
9.31 
4.18 

1.21,4.16 
4.18 

18.18 
1.21 
9.31 

10.14 
10.12 
9.30 
4.56 

Bridged 'T' 
Bandpass . . 
Ceramic 
Coaxial Line 
Constant K 
Construction of 
Crystal H .F. 
Crystal, M.F. 
Design .. 
H alf-lattice 
High-pass 1.21 , 18.16 

10.17 
1.21, 9.30, 9.31, 18.1 7 

1.22 

Kokusai 
Low-pass 
M-Dcrived 
Mechanical 
Resistance Capacitance 
Stenodc . . 
Vadablc Selectivity 
V.H.F. 

Filters for Power Supplies 
Capacitor Input .. 
Choke Input .. 
Resistance Capacita nee 
Ripple Attenuation 
R.F., for Mains Supply 

Filter System (S.S.B.) 
Followers 

Anode 
Cathode 

4.17, I0.16 
9.32 
4.56 
4.15 

18.17 

17.9 
17.10 
17.12 
17.9 

18.18 
10.12 

2. 14 
2.13 

4.43, 4.44 
13.21 

Foster-Seeley Discriminator 
Free-space Path Loss 
Frequency 

Conversion 10.21 
Indicator 6.12 
Maximum Usable 12.8 
Measurement 19.9 
Meter, Amateur Band 19.15 
Marker, 144 Mc/s Band 19.17 
Multiplier 6.24 

Frequency Changers 2.18 
Diode 2.18 
Multi-grid . . 2.19 
Pcntodc 2.19 
Triode 2.19 

Frequency Modulation F.M ... 1.36, 9.36 
Detector 4.43 
Discriminator 4.43 
Foster-Secky Discrimina~ 

tor . . 4.43, 4.44 
Four Diode Discriminato r 4.44 
F.M. Systems of . . 9.36 
Gated Beam Discriminator 4.44 
Limiters . . . . 4.44 
Modulators .. 9.36, 9.37, 9.38 
N.B.F. M. . . 4.42 
Phase . . 4.44 
Travis Discriminator 4.43, 4.44 

Frequency Multipliers 1.34, 2.18, 4.55, 
5.8, 7.3 

Frequency Shift 
Converter, Simple .. 
Exciter 
Signals, Receiving . . 
Signals, Transmitting 

Frequency and Wavelength 
Front-to-back Ratio 

G 
Gain .. 
Gain Control, Automatic 
Gamma Maleh .. 
Gated Beam Valves 
Generator Noise (Hash) 
Generators, Mechanical 
Generator Whine 
Great Circles and Maps 
Grids .. 

Bias .. 
Biasing Methods .. 

I 1.10 
11.8 
11.9 
11.7 
1.26 

14.1, 1.24 

2.6, 2.8 
4.22, 4.23 

13.24 
2.4 

16.2 
1.2 

16.3 
12.22 

2.2 
2.3 

6.29 

INDEX 

Bias Supplies 17.57 
Block Keying 8.1 
Capacitance 2. 7 
Dissipation 2.6 
Grounded 2.12,5.10,5.11 
Noise . . . . 2.7, 15.5 
Tank Circuit, Abac for 

Determining 6.34 
Grounded Anode 2.12 
Grounded Cathode 2.12 
Grounded Grid . . 2.12,5.10, 5.11 
Ground Wave Propagation 12.5 

H 
Half Lattice Crystal Filter 4.16, 4.17 
Half-wave Dipole, Resonant 

Lengths of 14.11 
Harmonic Content . . 2.9, 18.3 
Harmonic Traps and Filters 18.4 
Hartley Oscillator 5.6 
Heat Emission 2.8 
Heater Wiring 9.24, 16.6 
Helical Aerial . . 14.20 
Helix, Long 14.21 
Hcptodc 2.1 9 
Hcxode 2.19 
High-pass Filters 18.16 
Hiss . . . . . . 2.8 
H.T. for Mobile Equipment 16.24 
Hum . . . . . . . . 2.8 
Hybrid Transmitters 16. 18, 16.22, 16.26 

I 
Ignition Noise, Suppression of 16.J , 16.2 
Ignition System . . . . 16.2 
Image, Aerial . . 13.42 

I nterfercncc 1.38 
Response . . . . 1.38, 4.13 

l ma~cs, 10 Supcrhctcrodyne Re-
ceivers 18.7 

Impedance . . 1.16, 2.5 
Cathode Interface 2.8 
Input 2.7 
Load 2.5 
Matching 4.47, 13.22, 14.4, 14.7 
Measurement 19.8 

Induced Grid Noise 2.7 
Inductance I.I I 
Inductive Coupling 1.20 
lnducLive Reactancc 1. 16 
Inductors, Types 1. 12 

Electromagnetic 1.11 
Mutual . . 1.1 I 
Parallel and Series 1. 13 
Self I.I I 
Slug Tuning 1.1 3 

Infinite Impedance Detector 2.17 
Input Impedance 2.7 
Insulators I. I 
Integrated Circuits 4.32 
Interaction, Magnetic 1.10 
Interference 

BC l, Curing . . 
Contact Rectifica tion 
Cross-modulation 
Electrical . . . . 
I.F. Breakthrough .. 
Ignition 
lmni:c 
Kcymg 
Mains Borne . . . . 
Receiver Considerations .. 
Telegraphy .. 

18.14 
JS.J O 

18.7 
4.25 
18.7 
4.25 

1.38, 18.7 
18.2 
18.S 
18.6 
18.2 
18.1 Telephony .. 

TV!, Curing . . .. 
Transmitter Considerations 

18.10 
18.1 
20.5 
1.38 
4.12 

Insurance .. 
Intermediate Frequency .. 

Choice of in H. P. Receiver 
Choice of in V.H.F. 5.3 

23.3 
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Intermediate Frcqucncy-co11t. 
I.F. Regeneration . . 4.14, 4.15 
J.F. Selectivity 4.4, 4.14 
Regeneration in H°.F. Re-

ceivers .. 
Interstage Coupling 
Ionosphere .. 

Absorption 
Propagation 
Scatter 
Storms 

Isotropic 

J 
Johnson Noise 
Junction Gate, F.E.T. 
Junction Transistor 

K 

4.4 
6.19 
12.5 
12.7 
12.7 
12.8 
12.8 
14.1 

. . 2.7 
3.14, 4.28, 4.29 

1.34, 3.2 

Kalitron Oscillator 5.5, 7.50 
Key Clicks and Chirp 18.2 
Keying 

Cathode 8.3 
Characteristics 8.1 
Envelope . . 8.1 
Grid Block . . 8.5 
H.T. Supply 8.4 
Methods . . 8.3 
Monitors . . . . 8.8 
Power T ransformer 8.4 
Relays 8.6 
Screen Grid 8.5 
Suppressor Grid . . 8.5 
Tone 8.12 

Keyers 
Transistors for High Volt-

age Switching 8.7 
Valve 8.6 

Keys, Morse 8.9 
Electronic 8.9 

Klystrons 2.23 

L 
L/C Ratio . . . . 1.19 
Lazy H and Sterba Curtain 13.57 
Leakage Current, Collector 3.5 
Leaky Grid Detector . . 2.16 
Lecher Lines . . . . 19.12 
Lightning Protection . . 13.74 
Limiters, Semiconductor 16.5 
Linear Tuned Circuits . . 7.4 
Line Resonators 7.6 
Line Transformer 13. 15 
Lines, Tuned 7.4 
Link Coupling . . 6.21, 6.40 
Load Impedance 2.5 
Load Lines . . . . . . 2. 7 
Loaded Whip Power Distribution 16.34 
Loading Coils for Mobi le 

Aerials . . . . I 6.33, 16.34 
Log Keeping 20.4 
Long Helix . . . . . . 14.21 
Long Wire Horizontal Aeria ls 13.51 
Long Yagi . . .. 14.13 
Low Frequency Oscillations 18.2 

Parasitics . . 18.2 
Lowest Usable High Frequency 12.11 
Low-level Modulation 9.10 
Low-noise Converter . . . . 16.9 
Low-pass Filters .. 9.30, 9.31, 18.17 
Low-voltage Valve Converter.. 16.7 

M 
Magnetism 
Magnets 

Electromagnets 
Permanent 

23A 

1.9 
1.9 

1.10 
1.9 

Magnetic Fields 1.10 
Magnetic Induction I.I I 
Magnctrons . . 2.22 
Magnetizing Current 1.11 , 1.23, 1.24 
Magnification Factor (Q) . 1.18, 1.19 
Maintenance and Fault-finding 4.44 
Masers . . 5.33 
Maximum Usable Frequency . . 12.8 
Measuring Instruments 

Absorption Wave - meter 
15-30 Mc/s 
65-230 Mc/s 

A.F. Oscillator 
Cathode Ray Oscilloscope 
Capacitaf!ce, R.F. Bri~ge_ 
Dip Oscillators 0·8:i-l:i0 

Mc/s .. 
4.30 Mc/s 

Crystal Calibrators 10/100 
kc/s .. 

.Field Strength Meter .. 
Frequency Meter, Amateur 

Baods 
Impedance Bridge.. . .. 
Marker Oscillator 1 Mc/s 

144 Mc/s . . . . 
Modulation Moni tor, Built-

ia .. 
For Receiver .. 

Multiraoge Meter .. 
Noise Generator (Valve) .. 

Germanium Diode .. 
Ohmmeter 
Renectometer H.F. 

V.H.F. 
R.F. Signal Generator .. 
Transmitter Power Output 
Two-tone Test Oscillator 
Valve Voltmeter, Simple .. 

A.C. .. .. .. 
V.F.O. Calibration Unit .. 
Wobbulator (Sweep Gen-

erator) .. 
Mechanical Bandspreading 
Metal Valves 
Meteor Trail Scatter .. 
Metering 
Microphones 

Basic Acoustical Principles 
Basic Electro-mecbanical 

19.10 
19.11 
19.28 
19.37 

19.7 

19.18 
19.23 

19.13 
19.28 

19.15 
19.8 

19.13 
19.17 

19.39 
19.40 
.19.3 

19.34 
19.35 
19.2 

19.26 
19.27 
19.30 
19.24 
19.33 
19.4 
19.5 

19.1 3 

19.30 
4.6 

2.20 
12.18 
9.25 

9.11 

Principles 9.11 
Carbon 9.12 
Condenser 9.13 
Crystal . . 9.13 
Moving-coil . . 9.12 
Relative Sensitivities 9.13 
Ribbon 9.J2 
Transverse-current 9.12 
Voltage Output 9.13 

Mill er Effect 2. 7, 9 .13 
Mixer Crystal V.F.O. Circuit . . 6.6 

Oscillators . . 6. 15 
Mixers . . 4.8, 4.9, 5.23, 5.24 
Mobile Equipment . . . . 16.1 

Aerials, see Aerials, Mobile 
Chassis Construction . . 16.1 
Converters 16.8, 16.9, 16.10, 16.11, 

16. 14 
H.T. Supply Circuits 16.29. 16.30, 

16.31, 16.32 
Microphone Mounting 16.35 
Noise Suppression 16.1, 16.12 
Receivers . . . . 16.7 
Transmitters 16.19, 16.20, 16.22 

Mobile Safety . . 
Modulation 

Amplitude 
Anode 
Balanced .. 
Balancing Adjustment 
Bandwidth 

16.26, 16.27 
16.38 

9.1, 9.4 
9.5. 9.6 

10.5 
9.17 
9.2 

Basic Equipment . . 9.3 
Cathode 9.10 
Choke 9.5 
Choice of System 9.10 
Clamp . . 9.8 
Depth 9.1, 9.34, 9.35 
Deviation 9.3 
Downward. . 9.35 
Efficiency Systems 9.6 
Frequency . . 9.3, 9.36 
Grid 9.7 
Grid Leak . . 9.10 
Impedance 9.2 
Linearity 9.2 
Low-level . . 9. 10 
Negative Feedback 9.17 
Over-modulation 9.2 
Power 9.2 
Screen 9.7 
Screen Grid 9. 7 
Series . . . . . . 9.5, 9.6 
Series Gate . . . . 9.8, 9.9 
Speech Clipping 9.25, 9.26, 9.29, 9.38 
Splatter . . 9.2, 9.26 
Suppressor Grid 9.9 
Transformer . . 9.5, 9.22 
Transistor R.F. Amplifiers, 

Modulation of 
Transistors, use of 
Volume Compress ion 

Modulators 

9.20 
9.20 

9.25, 9.28, 
9.29 

Cli ppers, High Level 9.28 
Low Level . . 9.27 

Construction and Layout 9.23 
Design of . . 9.20 
Designs . . . . . . 9.38 

Compact 1-l igh-power 9.41 
High-power 9.40 
Narrow Band F.M. 9.43 
Sub-unit 9.38 
Test-circuit . . 9.44 
45-watt T ransistor 9.42 

Driver Stage 9.22 
Ennhing . . 9.24 
Filters 9.30, 9.31, 9.32 
F.M. Systems of 9.36 
Frequency Range . . 9.22 
Heater Wiring . . 9.24 
Measurement of Depth 9.34, 9.35 
Metering . . . . . . 9.25 
Modulator, Valves, List of 9.2 1 
Monitors and Indicators 9.35, 9.36 
Multi-band Operation, F.M. 9.38 
Output Stage 9.24 
Power Supplies 9.22 
R.F. Pickup . . 9.25 
Testing . . 9.32, 9.33, 9.34, 9.35 
Uni t Interconnections . . 9.25 
Variable Capacitance Diode 9.37 
Variublc Rcactnncc 9.36, 9.37 
Waveform A.M. 9.34 

Monitoring Field Strength, 
Mobiles 16.38 

Morse Code 1.35, 20.2 
Multiple Valves.. . . . . 2.20 
Multipliers, Frequency 1.34, 2.18, 4.55, 

Murray Code .. 
Muting, Receiver 
Mutual Conductance 

5.8, 7.3 
11.2 
4.66 
2.5 

N 
Narrow-band Frequency Modu-

lation (N.B.F.M.) . . . . 4.42 
NcgntiveFeedback .. 9.17.9.18 
Nepcrs . . . . . . . . 1.5 
Neutralization 6.28 

Anode 6.28 
Grid 6.28 
Link 6.28 



Neu1ralizing 1.32, 7.9, 2.11 
Noise Diodes . . 2 .. 16 
Noise Limiters 4.25, 4.26, 16.4, 16.5 
Noise Suppression, Mobile 

Equipment 16.1 
Noise 

Aerial . . . . 
Atmospheric . . 
Aural Discriminat ion 
Circuit 
Cosmic . . . . . . 
Effects of Aerial Character-

15.5 
15.6 
15.8 
5.2 

15.6 

istics 15.9 
External 15.5 
Factor 2.8, 5.1, 15.7, 5.3 

Measurement . . I 9.33 
Frequency Characteristics 15.2 
Front End . . 5.1 
Generators.. 19.34 
Hash . . 15.6 
Induced Grid 15.5 
Ignition 15.8, 15.6 
I nteroal 15.4 
Man-made 15.5 
Nature of . . 15. 1 
Partition 5. 1 
Practical Aspects J 5.8 
Radiation Resistance 15.5 
Signal-to-Noise Ratio 15,8, 15.9 
S.S.B. Reception . . 15.8 
Thermal . . 15.4 
Total Noise Level 15.6 
Valve Shot 15.4, 2.7 
White Noise 15.2 

Nuvistors 2.22 
Conveners 5.14, 5.16, 5.17 
Hybrid Converter 16.8 
Low-voltage Converter 16.8 

0 
Octode .. 2.19 
Ohm's Law 1.6 
Operating 4.39, 20. 1 
Optimum Load 2.6 
Oscillations, Low F requency . . 18.2 

Parasitic 18.2 
Oscillators 1.39, 2. 17, 4.18, 4.19, 5.4, 6. 1 

Audio Frequency . . 19.28 
Beat F requency . . 4.21 
Butler 5.8, 7.2, 6.5 
Cathode-coupled . . 4.1 I. 6.8 
Colpitts . . 4.9, 5.6, 6.5, 6.7, 6.18 
F.E.T. . . 6.19 
Franklin . . 6.8, 6.15, 6.27 
Gouriet-Clapp 6.14 
Hartley 5.6, 6. 7, 6.13, 6.18 
Kalitron 5.5, 7.50 
Overtone .. 7 .2, 4.11, 16.9 
Pierce-Colpitts 6.3 
Pierce-Mille r 6.2 
Robert Dollar . . 6.6, 7.2 
Squier 6.5, 7.2 
T ransistor 4.31, 16.9 
T rite! 6.4 
Vackar . . . . 6. 14, 16. 11 
W3JHR (Synthetic Rock) 6. 18 

Osci lloscope, and Use o f, 2.24, 9.33, 9.34, 
9.35, 19.37 

Over-modulation 9.2 

p 
P.A. Choke 6.42 
Parabolic Renectors 14. 19 
Parasitic Arrays . . 13.63 
Parasitic Oscillations 6.36, 18.2 
Pawsey Stub . . . . 14.6, 14.23 
Peak Inverse Voltage (P. l. V.) . . 17 .5 
Pentngrid 2. 19 
Pentodes . . 2.4 

Pe rmeability . . I. I 0 
Permeability Tuning 4.35 
Phase Detecto r 6. 17 

Phase Difference (A.C.) I. I 5 
Phase Inverter . . . . 2.15 
Phase-Locked V.F.O. . . 6.16 
Phase Shift Network, Audio 10.1 I 
Phase Splitters . . 2.14 

Anode-follower . . 9.17 
Cathode Coupled .. 2.15 
Para phase . . 2. 14, 2. I 5 
Split Load Phase Inverter 2. 15 

Phasing Lines . . 13 . .58 
Phasing System JO. JO 
Pi-Network 

Coupler 6.41 
Interstage Coupler 6.22 
Push-Pull . . 6.43 
R.F. Choke 6.22 

Piezoelect ric Effect 1.31 
Planar Valves . . 2.22 
Polar Diagrnm 14.1 
Polarization . . 12.2, 14.3 
Positive Feedback 1.30 
Potentiometer . . . . 1.6 
Power Amplifiers . . 6.25. 6.38, 7.3 
Power Indicators for H.F. 

Aerials . . . . 13.38 
Power Measurements (S.S.B.).. 10.38 
Power Output . . . . 2.6 
Power Supplies .. 4.26, 9.22, 17.l 

Capacitor Input 17.9 
Choke Input 17.10 
Const ruction 17.18 
Grid Bias . . 17.17 
Potentinl Dividers.. 17.12 
Rectifier Circuits . . 17.l 
Smoothing Circuits . . 17.8 
Voltage Multiplier Cireui1s 17.2 
Voltage Smbilization . . 17.13 

Power Units for Transislor 
Equipment . . 17.19, 17.24 

Pre-nmplificr, U.H.F. 5.46 
Primary Cell . . 1.2 
Primary Emission 2.8 
Priming Elcclrode 2.2l 
Product Detector 4.41 
Propagation 1.27, 12.1 

Absorption . . 12.13 
Aurora l Renection 12. 18 
Critical F requency 12.9 
Critical Wave Angle 12.9 
D-Lnyer 12.7 
Eaod Flayers . . 12.17 
Fade-outs and Fading 12.13 
Field Strength 12.3 
Free Spnce Path Loss . . 12.21 
Great Ci.rcles and Mnps . . 12.22 
Ground Wave 12.2 
Height Gain 12.3 
Ionosphere. . 12.7 
Ionospheric Scatter 12.17 
Lowest Usnble High Frc-

M~~~~~ .. u sabie Frc~ 
quency . . . . 

Meteor Trail Scatter 
Modes 
Moon bounce 
Polarization 
Rndia1ion .. 
Refraction .. 
Satellites 
Scatter 
Skip Dislnnce 
Sporadic E 
Sunspots .. 
Troposphere 
Tropospheric Duct 
Tropospheric Scatter 

Protection of T ransistor R.F. 

12.11 

12.8 
12. 18 

12.5 
12.20 

12.2 
12.1 

12.14 
12.19 
12.17 

12.9 
12.7 
12.7 

12.14 
12.14 
12.17 

Circui ts . . . . . . 16. 17 
Push-pull and Parallel Ampli-

fiers . . . . . . 2.10, 9.15 
Push-push Double.r 6. 25 

Q Break, High 
Q Code .. 
Q Fnctor 
Q Multipliers 
Quad Aerial 

Q 

INDEX 

5.29 
20.4 
14.9 

Quarter-wa ve Lines 
Quurter-wave Stubs 
Quarter-wave Transformers 
Quartz Crystal .. 
Quench Frequency 

4.19, 4.54, 4.55 
13.66, 14. 15 

14.10 
14.5 

13.26, 13.27 
J.31 
4.2 
4.2 Quench Voltage 

R 
Radiation Patterns 13.39 
Radiation Resistance I 3.4, 15.5, 16.33 
Radio Frequency (R.F.) 

Amplifiers .. 
Amplifiers, Cascocle 

Grounded Grid 
Push-pull 

4.6, 4. 7, 5.33 
5.10, 5.11 
5.11, 2.12 

5.9 
Chokes or Coils 

Radio Waves 
Ratio, Turns .. 
Reactance, Capacitive .. 

1.12, 1.13, 4.34 
13.1 
1.23 

Inductive . . . . . . 
Recept ion, Double Sideba nd . . 

N.B.F.M. .. .. .. 
Single Sideband 

Receivers, H.F. . . 
Automatic Gain Control 
Bridged T Filters 
Ceramic Filters 
Choice of I.F. . . 
Coils and Wavechanging 
Construction .. 
Cross-modu lation and 

Blocking 
Designs 

Advanced Receiver .. 
Double Superhet 
Low Consumption 

1. 15 
l. l 6 
4.42 
4.42 
4.40 

4.1 
4.22 
4.18 
4.18 
4.12 
4.34 
4.33 

4.6 

4.62 
4.56 

Mobile/ Fixed Re
ceiver for I · 8 Mc/s, 
3·5 Mc/s and 28 Mc/s 16.1 2 

Q Multiplier . . 4.54 
Simple Superhct 4.49 
Simple T . R. F. 4.46 
Transistor Four 4.49 

Diode Detector 4.19 
Diode Swi1cbin~ . . 4.36 
Double-conversion . . 4.13 
Filters 4.15, 4.16, 4. I 7, 4.18 
Half-latricc Crystnl Filter 4.16 
H. F. Oscillator 4.9, 4.10, 4.11 
l.F. Amplification.. 4.12 
l.F. Regeneration 4.14 
I. F. Selectivity . . 4.14 
Infinite Impedance Detec1or 4.20 
Mechanical F ilter 4.17 
Mixers . . 4.8, 4.9 
Operating . . . . 4.39 
Permeability Tuning 4.35 
Power Supplies 4.26 
Product Detecto r . . 4.20, 4.21 
Q Multipliers 4.19 
Rc-nligrunent 4.45 
Regenerative De1cc1or . . 4.20 
R.F. Amplifiers . . 4.6, 4. 7, 4.8 
Selectable Sidebnnd 4.2 
Selectivity 4.4 
S. Meters . . . . 4.23, 4.24 
Smooth Regeoera1ion 4.38 
Spurious Respon.scs .. 4.5, 4.38 
Stability . . . . 4.5 
Standby Switching 4.27 
Superheterodyne . . 4.2 
Super-regenerative 4.2 
Synchronous 4.3 
Tracking and Alignment 4.37 
Transistorized H.F. Re-

ceivers . . 4.27 

23.5 
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Receivers, H.F.-co11t. 
Transistor R. P. Stage 
Transistor Mixers .. 
Transistor Oscillators 
Transistorized H.F. Re-

ceivers .. 
T.R.F. 
Tuning Rate 
Tuning Mechanisms 

Receiver, S.S.B. 

4.29 
4.30 
4.31 

4.27 
4.1 
4.6 

4.35 

With Noise Immunity and 
Frequency Synthesis . . 10.104 

Receivers, V.H.F. 
Butler Oscilla tor . . 5.8 
Cascode R.F. Amplifiers 5.10, 5.11 
Choice of First l.F. 5.3 
Circuit Noise 5.2 
Colpitts Oscillator . . 5.6 
Crystal Controlled Oscilla-

tors 
Designs 

F.E.T.Converter for 70 
and 144 Mc/s 

R.S.G.B. Converter 
Ci rcuit .. 

144 Mc/s Converter 
Using N uv.istor R.F. 
Stngcs . . . . 

144 Meis N uvisto r 
Converter . . . . 

144 M c/s Transistor 
Converter .. 

70 Mc/s Nuvistor Con-
verter .. 

Effect of Bandwidth 
Frequency Multipliers 
Front End SHlges . . . . 
Grounded Grid Ampliner 
Hartley Oscillntor 
Noise Factor 
R.F. Amplifiers .. 
Trans is tor Mast-head 

Amplifier.. . . 
Tunable Oscillators 

Receivers U.H.F. 
Crystal Mixers 
Crystal Oscillator Multi

pliers 
Designs 

Basic Oscillator 
Experimental 13 cm 

Converter .. 
F.E.T. Converter fo~ 

430 Mc/s .. 
High-gnin 430 Mc/s 

Converter . . . . 
Narrow Band Con-

verter for 1300 
Meis . . . . 

Simple 420 Mc/s Con-
verter .. 

Transistorized Con-
verter for 432 Mc/s 

Transistor Mast-head 
Ampl ifier for 430 
Meis . . . . 

Two-stnge R.F. Amp
lifier 

High Q Breaks . . . . 
Input and Output Coup-

ling.. .. .. 
Input Matching .. 
lntermedinte Frequency 
Local O scilla tors .. 
Masers 

5.4 

5.21 

5.11 

5. 14 

5.17 

5. 19 

5. 16 
5.2 
5.8 
5.1 

5.11 
5.6 
5.1 
5.9 

5.25 
5.5 

5.26 
5.29 

5.32 

5.3 1 

5.51 

S.43 

5.36 

5.48 

5.34 

5.38 

5.46 

5.34 
5.29 

5.27 
5.34 
5.30 
5.30 
5.33 

Mixers .. 
Parametric Amplifiers 
R.F. Amplifiers 
Trough Lines 

5.23, 5.24 
2.23, 5.32 
5.32, 5.34 

Tuned Circuits 
Tunnel Diodes 
Valve Amplifiers 

23.6 

5.27 
5.26 
5.32 
S.33 

Receiving Aerials 
Reception 

13.80 

CW. ~D 
D.S.B. . . 4.42 
N.B.F.M. 4.42, 4.43 
S.S.B. 4.40 

Reciprocity Theorem . . 14.3 
Rectification and Detection t.29 
Rectiliers . . 1.29, 2.15, 17.1 
Re6ection Coefficient . . 13.12 
Renectometers 13.70, 19.26 
Refraction 12. 14 
Regeneration 

Detector 
l.F. 
Smooth 

Rejector Circuit 

4.20 
4.4, 4.14, 4.15 

4.38 
l.!8 

1.3 1.15 Resistance and Conductance 
Resistance-cap acity Coupled 

Amplifier .. 
Resistance, Dynamic .. 
Resistors .. 

Po tential Divider and Series 
Dropping 

Shunt ( Meter) 
Resonai1ce . . . . 
R.F. Amplifier Ratings 
R .F. C licks . . . . 
Rhombic Aerial 
Rbumbatron s 
Ring Modulators 
Ripple Voltage .. 
Root-mean-square (R.M.S.) 
R.S.G.B. .. .. 

Achievemem Certificates 
Contests and Field D ays . . 
How to Jo in . . . . 
Meetings . . . . 
News Bulletin Service 
Publ ications .. 
'Radio Communication' .. 
Slow Morse Transmissions 

RSTCode 
RTTY 

Frequency Shift Exciter 
Mark and Space .. 
Murray Code 
Operating Modes and 

Facilities 
Receive Magnet 
Signalling .. 
Signals Receiving 
Signals, Transmitting 
Simple F.S. Converter 
Synchronizing .. 
Telegraph Distor tion 
Telegraph Relays .. 
Teleprinter Circuits 
Teleprinters 

s 
Safety Precautions 

Recommendations 
Satellites . . 
Scatter . . 
Screen Dissipation 
Screening .. 
Secondary Cell . . . . . . 
Second Chann el Inter ference .. 
Selectivity 
Semiconductors 

Basic Circuits 
Crystal Diodes 
Diode Capacitors .. 
Integrated Circuits 
Parametric Amplifiers 
T heory of . . . . . . 

Semiconductor Noise limiter .. 
Series and Parallel 

Capacitors 
Inductors 
Resistors . . 

2. 12 
1. 18 
4.37 

17.12 
19. 1 
1.1 7 
6.45 

8.2 
13.6 1 
2.23 
4.9 

17.9 
1. 15 
21. 1 
21.2 
2 1.2 
2 1.1 
21.2 
2 1.2 
21.2 
21.1 
21.2 
20.3 

11.8 
I I. I 
11.2 

11.4 
11.2 
I I. I 
11.9 
11.7 

11.10 
11.2 
11.4 

11.1 3 
I J.14 
11.16 

20.6 
20.8 

12. 19 
12. 17 

2.6 
1.25 
1.2 

1.38 
1.19, 4.4 

3.3 
1.33 
4.36 
4.32 
5.32 

3.1 
16.5 

1.9 
1.13 

1.6 

Shupe Fnctor .. 
Sideband, Single 

Attenuation, Sideband 
Balanced Modulators 
Ca rricr and Sidebands 
Carrier Suppression 
Collins Filter . . . . 
Communications Efficiency 
Control Systems 
Crystal Filters H.F. 
Crystal Filters M.F. 
Filter System 
Frequency Conversion 
Generation, T hird Method 
Kokusai Filter 
Linear Amplification 
Linear Amplifiers .. 
Passive Grid . . . . 
Pha~e Shift Network, Audio 
Phnsms System 
Power Measurements .. 
R.F. Amplifier Adjustment 
The 813 Tetrode .. 
Two Tone Test .. 

Single Sideband Reception 
Skin Effect . . . . 
Skip Distance . . 
Skirt Pcr formnoce 
S lug Tuning 

4.5 

10.9 
10.5 
JO.I 
10.5 

10.16 
10.2 

10.68 
10. 14 
10.12 
10.12 
10.21 
10.20 
10.17 
10.28 
10.43 
10.37 
10. 11 
10.10 
IO.JS 
10.39 
10.64 
IQ.40 
4.40 

J.4 
12.9 
4.5 

1.13 
S Meters .. 
Smooth ing Circui ts 
Solenoid .. 
Space Charge .. 
Spacer Waves .. 
Specific Resistance .. 

4.23, 4.24 
17.8 
1. 10 
2.1 
S.3 
1.4 

Spectrum, Electromagnetic 
Speech Amplifiers .. 
Speech Clippers .. 
Split Load Phase Inverter 
Sporadic E Layer Ionization 

1.26 
9. 18 

9.27, 9.28 
2.15 
12.7 

Spot Noise .. 
Spurious Responses 
Squegging 
Squelch Circuit 
Squier Oscillator 
S.S.B. Equipmeots 

2.7,15.4 
4.5, 4.38, 18.7 

4.39 
16.4 

6.5, 7.2 

Converter to 144 Mc/s 
Electronic Voice Control 

Unit .. .. 
Four Band Trans mi llcr 
Grid Tuned Amplifier 
G2DAF Linear Amplifier 
G2DAF Transmitter .. 
02MA Linear Amplifie r .. 
03MVZ Exciter/Transmit-

ter . . . . . . 
GJOQD T ra ns istori zed 

Transceiver . . . . 
G3PDM Receiver . . . . 
Phasing Exciter, 9 Mc/s . . 
Power Suppl ies .. 
TT2 1 Linear A mplifie r .. 
Zero Dias Linea r Amplifier 
100 Watt Linear A mpliner 
300 Watt Passive G r id 

Amplifier . . . . 
400 Wa lt Passive G rid 

Amplifier 
Stabilizers .. 
Standing Waves 
Srntic, Brake and Tyre 
Station Layout 

Insurance . . . . 
Switcbini; Systems .. 

Sterba Curtam .. 

10.87 

10.69 
10.72 
10.62 
10.62 
10.76 
10.61 

10.48 

10.89 
J0. 104 
10.47 
lo.65 
10.53 
10.72 
10.57 

10.58 

10.58 
17.1 3 
13. 10 

16.3 
20.4 
20.5 
20.5 

13.57 
Stub Matching 
Stub Tuners 
Stubs 
Sunspots . . . . 
Suppression Capacitors 
Suppression, Dynamotors 
Susceptance 

13.25, 14.7 
14.9 

13.16 
12.7 
16.2 

16.29 
1.16 



Switchiag, Multib:md OJJera-
tion 16.10 

Switching, Standby . . . . 4.27 
Symbols far Electrical Quanti-

ties 1.3 

Tapered Lines 
Teleprinters 
Tetrodes .. 
Threshhold Howl 
Time Constant .. 
Tracking, Superhct 
Traaceivers 

T 

Transformers . . . . 
Auto-transformers 
Centre-tapped .. 

Transistorized Equipment 
Converters V.H.F. 
Converters U.H.F. 
Mod ulator 
Receiver .. 
R.F. Amplifiers .. 
R.F . Circuit Protection 

13.28 
11.16 

2.3, 2.4, 2.21 
4.39 
1. 13 
4.37 

4.3 
1.23 
1.23 
9.16 

S.19, 5.21 
5.38, 5.43 

9.42 
. . 4.49 

5.46, 5.25 
16.17 

Transistor Equipment, Power 
Supply Units for . . 17.19, 17.24 

Transistor Mixers . . 4.30 
T ransistor Oscillators . . 4.31 
Transistor Power Converters 16.30, 16.31 

Transistor R.F. Amplifiers 
Transisto rs 

Biasing .. 
Characteristics .. 
Circuit Configurations 
Complementary Symmetry 

Amplifiers 

16.32 
4.29 

1.33, 3.3 
3.5 

3.4, 3. 15 
3.3 

3.8 
3.13 Development Treads 

Field Effect .. 
F.E.T. Applications 
Collector .. 
Emitter 

3.14, 4.28 
4.29 
1.33 
1.33 

Tester 
U.H.F. at .. 

Transit-t ime Conductance .. 
Transmission Linc Resonators 
Transmission Lines 

Attenuation and Loss 
Power Handling .. 
Surface-wave .. 

Transmit/ Receive Switches 
D.C. Controlled 
Diode 

Transmitters 
Transmitters H.F. 

10 watt I ·8 nnd 3·5 Mc/s, 
Mobile .. . . . . 

10 watt Transistor for I ·8 
Mc/s . . . . 

15 watt 28 Mc/s, Mobile .. 
10 watt T ransistor, I ·8 

Mc/s 
V.F.O. Controlled, for I ·8 

Mc/s . . . . 
T T21 (7623) for 14, 21, 28 

Mc/s . . . . 
Five Band 75 Watt .. 

Transmitters S.S.B. (sec S.S. 0. 
Equipments) 

Transmitters V.H.F./ U.H.F. 
Aerial Coupling to Parallel 

10.42 
3.13 

2.7 
7.6 

13.7 
13.18 
13.20 

14.5 

8.13 
8.14 
1.36 

16.1 9 

16.20 
16.20 

6.49 

6.54 

6.56 
6.61 

Circuits . . . . . . 7 .6 
CoaJCial or Cavity Ci rcuits 7.6 
Crystal Oscillators 7.1, 7.2, 7.3 
Disc-type Capacities 7.8 
Maximum Unloaded Q 7.8 
Modulation 7.10 
Multipliers 7.3 
Neutralization . . 7.9 
Power Amplifiers . . 7.3 

Semiconductors, use of . . 7.10 
Tank Circuits . . 7.6 
Testiag of A.M. . . 9.32, 9.33 
Transmission Line Reson-

ators .. 
T uned Circuits 
Varactors, use of .. 
Designs 
50 watt Phone aad C.W. 

Transmitter for 70 Mc/s 
Transistor Low Power 

Transmitter for 70 Mc/s 
Simple Phoae and C. W. 

Transmitter for 144 Mc/s 
15 watt Pboae T ransmitters 

for 144 Mc/s . . . . 
Compact T ransmitter for 

144 Mc/s . . . . 
Dual Band Mobile T rans

mitter for 1 ·8 and 144 
Mc/s . . . . . . 

Low Power Traa smjtter for 
Po rt able or Mobi le 
Stations . . . . 

Medium Power 2 metre 
Amplifier . . . . 

Hybrid 70 Mc/s Transmit
ter for Mobile Operation 

Low Power Traosistor 
Transmitter for 144 
Mc/s . . . . .. 

Hybnd 144 Mc/s Transmit
ter for Mo bile Operation 

Low Power 70 cm Trans
mitter 

15 wall Transmitter for 
430 Mc/s 

24 wau Tripler-amplificr .. 
Varactor Tripler for 70 cm 
High Power Cavity Ampli-

fier for 430 Mc/s 
70 cm Coaxial Cavity 
Triplers for 1296 Mc/s 
Simple 23 cm Tripler 
V.F.O. for 144 Mc/s 
V.H.F. Dummy Load 

7.6 
7.4 

7.11 

7.12 

7.15 

7.17 

7.19 

7.21 

16.27 

7.23 

7.26 

16.22 

7.27 

16.26 

7.28 

7.31 
7.34 
7.39 

7.41 
7.43 
7.46 
7.48 
7.50 
7.5 1 
7.52 R.F. Output Indicators . . 

Variable Frequeacy Oscil-
lators 7.52 

Transmitting Valves 2.21 
Travelling-wave Tube . . 2.23 
Triode Amplifier 1.34 
Triode Frequency Changer 2. 19 
Triodes . . 1.29, 2.2, 2.21 
Trough Lines . . 5.27 
Trough Rellector . . 14.17, 14.18 
Tuned R.F. Receiver (T.R. F.) 4.1 
Tuning 

Mechanisms 
Permeability 
Rate 

Tuoing Ind icators 
Tunnel Diode 
Turns Rat io 
TV!, Cur ing 

u 
Ultra-linear Operation .. 
Units and Symbols 

v 
Valves . . . . 

Adler Tubes 
Beam Tetrode 
Characteristics 
Diodes .. 
Disc Seal .. 
Electron Multipliers 
Frame Grid •• 

4.35 
4.35 

4.6 
. . 2.20 

3.12, 5.32 
1.23 

18.10 

2.11 
1.3 

1.28 2.1 
2.23 
2.4 

2.5, 2.8 
1.28, 1.29 

2.22 
2.21 

2.2 

INDEX 
Gated Beam 
Hcxodc .. 
Klystrons .. 
Magnetroos 
Melnl 
Multiple .. 
Noise Diode 
Nuvistor .. 
Pentagrid .. 
Pentode .. 
Planar .. 
Quick Heating 
Rhumbatrons 
Tetrode .. 
Transmitting 
Travelling Wave 
Triode . . . . 
Tuning Indicators .. 
Vuriablc-mu .. 
813 Tetrode 

Valve Buffer for Transisto~ 
V.F.O. .. 

Valve Voltmeter 
Varactors . . . . . 
Variable Capacitance Diod~ 

Frec1uency Modulator . . 

2.4 
2. 19 
2.23 
2.22 
2.20 
2.20 
2.16 
2.22 
2.19 

2.4 
2.22 
2.22 
2.23 

2.3 
2.21 
2.23 

2.2 
2.20 

2.5 
10.64 

6.71 
7.52 
7.11 

9.37 
Variable Frequency Crystal Os-

cillator (V.X.O.) . . . . 7.52 
Variable Frequency Oscillators 6.7, 6.13 

Calibration Unit . . J9. 13 
Kulitron . . . . 7.50 
V.P.O. for 144 Mc/s 7.50 

V.H.F. Dummy Load . . 7.51 
Vibrator Power Supplies 16.30 
Voltage Multiplier Circuits 17.2 

Reference Tubes 2.21 
Stabilization 17.13 

Voltage Stabilizers 2.20 

w 
Wallman Cascodc Circuit 5.9 
Watt J.4, 1.35 
Waveforms 

Modulatioa A.M. .. 9.34, 9.35 
Wavelength . . . . . . 1.26 
Wavemetcrs, Absorption for 

l ·5-30 Mc/s . . . . 
Absorp tion for 6·2- 230 
Mc/s . . . . .. 

Waves, Travelling and Standing 
Wave-tra p . . . . 
Wave Traps and Fil!ers 

High-pass .. 
Low-pass 
V.H.F. .. 
Coaxial Line .. 
Broadcast Receiver, for 
Mains . . .. . . 

Whip Acrinl, see Aerial Mobile 
Wobbulntor for Receiver Align

ment 

Yagi 
Aeriul 

y 

Arrays . . . . . . 
Disadvantage of Com•en-

19.10 

19.11 
13.2 
16.3 

18.15 
18.16 
18.17 
18.17 
18.18 
18.18 
18.18 

19.30 

14.10 
14.11 

tional Yagi .. 
Five-clement Arrays 
Long Yagi.. . . 
Skeleton Slot .. 
Stacked and Bayed 
Typicnl Dimensions 

14.12 
14.21 

14.13, 14.23 
14.13, 14.22 

14.12 

ZCode .. 
Zener Diodes 
Zepp Aerials 

z 

14.11 

20.4 
16.31 
13 53 

23.7 








