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Try before buy
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Units shown:

deck ® SA 53 65 t
tuner-amplifier © SF 171 2-speed h\{hf |
stereo record player ® SB 35 3-way speake
system

Once upon a time, putting together a set

of hi-fi equipment was a hit-and-miss

affair. No matter how much you paid, you
could still be landed with units that were
not completely matched. National has
changed all that. Now National offers you
your choice from Australia's largest
matched stereo hi-fi range. All high-per-
formance equipment—the most advanced
you can buy.
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NATIONAL

All units designed to be compatible with
one another electronically—and
aesthetically. All superbly crafted and
finished. And, to make life really easy for
you, National lets you hear any combina-
tion of units you please before you make
your choice. Call in at any of the National
Audio Hi-Fi Centres and get an earful
(and an eyeful) for yourself.

National Hi-Fi equipment is
available wherever you see this sig

Printed and published by Sungravure Pty. Limited, of Jones Street, Broadway, at Morley Avenue, Rosebery.
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Philips portable flat-bed recorder

PM8000 priced below
rrecorderinits class.

- any othe

This single-function flat-

bed instrument offers a low cost
approach to high-accuracy recording
for a broad range of scientific

and analytical equipment, such as
gaschromatographs, photometers
and spectrometers.

Its excellent characteristics include:
O Accuracy class 0.25

O Sensitivity ImV f.s.d.

8 250 mm chart width

U Reproductibility 0.1% f.s.d.

0 0.5 to 500 mm/min chart speeds
using 10 speed gearbox

8 High reading accuracy

-

[ Handles weak signals very
accurately, even in presence of
strong stray voltages

O Optional accessories greatly
extend versatility and convenience
The new design concepts for this
potentiometric strip-chart recorder
have resulted in exceptionally high
sensitivity and accurate recording
on the 250 mm wide chart. A choice
of chart speeds—both forward and
reverse direction—plus a new
completely clog-free disposable
nylon pen, give really sharp clear
readings at any angle from
horizontal to vertical.

Construction

is compact, rugged and cleanly
styled, and a wide range of
accessories enables the PM8000 to
provide the exact facilities
required for electrical integration,
set point control or ADC.

Above all, the price is well below
that of any comparable recorder
available today.

For complete information and
specifications, contact:

Philips Electrical Pty. Limited,
69-79 Clarence Street, Sydney,
or your nearest Philips Office.

PHILIPS
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VIEWPOINT
by Neville Williams

From Japan . . .

So as not to miss this August issue, 1 am writing this editorial in the
International Hotel at Takamatsu, overlooking Japan’s inland sea.

At this point in time, the first “Electronics Australia TECHNITOUR" is
about two-thirds complete and I have no doubt that the remainder of the
time will flash by at a seemingly accelerated pace.

All along the route — in Hong Kong, Taiwan and throughout Japan -
we have been treated not only with marked courtesy but with genuine friend-
liness, and one cannot resist the remark that the average somewhat off-hand-
ed Australian can learn something from these oriental people. All arrange-
ments have dovetailed smoothly and the only anxious moments have arisen
when one or another member of the party has suffered temporary internal
upset, due to the unfamiliar food, water and environment.

During the early part of the tour we were able to visit the Ta Tung
Company in Taipei, and the Toshiba Electrica] Institute and Sony Corporg-
tion in Tokyo, Each visit was rewarding in its own particular way and our
thanks are extended to the respective companies for their co-operation. En
route, individual members of the party took time out to pursue their own
particular interests. One group, for example, visited the Japan Amateur Radio
League; another spent a fascinating afternoon at the Akihabara radio market
— a sight which is incredible even when you are there! Others diverted to
fulfil private business obligations.

The highlights of the tour were, however, the visits to EXPO-70, which
is an enormous conglomerate of arts and sciences housed in striking archi-
tecture. One would need weeks, not days, to appreciate all that EXPO-70 has
to offer, but merely to be there and to catch something of its atmosphere was
an unforgettable experience.

By its very nature EXPO-70 is an expression of technology from around
the world, but there is no anomaly about its setting in Japan. It is served by
trains as modern — or more modern—as one finds elsewhere; by whole
fleets of air-conditioned buses; by masses of cars on expressways. By busy
airports: when we landed at Tokyo, we were greeted by three 747 jumbo jets!

And, everywhere, there are the marks of a modern e¢lectronic society:
television in mono and colour, FM/stereo, hi-fi systems, tape recorders
every imaginable shape and size, electronic organs, piped music and so on.
All this side by side with rice paddy fields, and shrines carrying the traditions
of centuries. For our first party of “TECHNITOURISTS,” these have indeed
been memorable days.

On the cover

Abue, the largest elephant imported into Australia, recently put her full 4% tons
on a cardboard carton containing Philips carrier telephone equipment. She
provided a novel test of the strength of a new pack designed by ACI to Philips
specifications, The pack withstood weight far above requirements, and was
subsequently approved by the Australian Post Office after a series of controlled
tests — not involving elephants!
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INSTROL HIFI

the largest HIFI showroom in Australia.

ﬁé NOW you can Build |
your own speaker gystem.

With Instrol cabinet kits
and J.B.L. loudspeaker components.

o |

032 SYSTEM

UL

An outstanding speaker system designed for com-
pact enclosures of 3 cu, ft or more. The 032
system comprises a D123, 12 inch low frequency
loudspeaker, with heavily damped, long excursion
cone assembly, 3 inch edge-wound copper ribbon
voice coil and 6lb magnetic assembly., The JBL
LE20, 2 inch direct radiator high frequency trans-
ducer, a unit of exceptional performance . and
versatility and the JBL LX2 precision dividing
network, which features an H.F. attenuator and
hand wound aluminium foil capacitors, individu-

ally checked to maintain accuracy to =+ 1%
Frequency response 20-20,000 cps.
Impedance 8ohms.

CABINETS for JBL speaker systems are available
in teak, maple or walnut finishes, and are both in

kit form or built.

JBL 51 SYSTEM

Although-the LE14A 14in Bass loudspeaker has
an area equal to that of many 15in speakers it
may be installed in an enclosure as small as 2
cu. ft.! The large 4 inch diameter copper ribbon
voice coil and massive magnetic assembly (total
weight 21lbs) enable this speaker to faithfully
reproduce the lowest fundamentals, even at high
power levels, The JBL LE175DLH driver/horn/
lens assembly consists of a compression driver,
cast aluminium expotential horn and 14 element
acoustic lens for 90 deg. high frequency dis-
persion in circular symmetry. Transition between
high and low frequency transducers is controlled
electronically by the JBL LX10 with variable
H.F. attenuator,

Frequence response 25-20,000cps.

Power handling capacity 60 watts RMS.
Impedence 8-16 ohms,

»
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A LANCER 77 AND S$11 SYSTEM

The LEIOA LINEAR efficiency low frequency
'vudspeaker, with a 3 inch edgewound copper
obon voice coil, lans-a-loy cone termination and
a massive 10lb magnetic assembly, is normally
combined with the LE20 high frequency trans-
ducer and the LX11 crossover network to make
the S11 2 way speaker system. The S11 delivers
smooth, full range performance and is ideally
suited to our 2 cu. ft. enclosures. For more
robust bass response the JBL PR10 “passive radia-
tor” may be used in conjunction with this sytem
in an airtight enclosure to effectively double the
size of the speaker for greater dynamic range and
smoother response well up into the mid-range.
Frequency response 30-20,000 cps,
Impedance 8-16 ohms.

TN LEST, PRS SYSTEM

The remarkable performance of the JBL LEST
in a 1 cu. ft. enclosure cannot be matched by
any other single speaker ever produced! The
LES8T boasts a 2 inch edgewound copper ribbon
voice coil, lans-a-loy cone termination and a 63lb
magnetic assembly. We now have available the
C53 enclosure manufactured from JBL blue prints
and measuring only 9in x 9in x 23in! The LEST
is ideally suited for mounting in walls or ceilings
due to its shallow depth. For more prodigious
base response the JBL PRS8 passive radiator may
be used to compliment the LEST in airtight
enclosures from 0.75 to 3 cu, ft. -
Frequency response 30-18,000 cps.
Impedance 8 ohms.
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PLAYER STANDS

MODEL 35 STAND. Size 14%in x 158in x 3%in.
Complete with masonite base, rubber legs, fully
veneered on all surfaces. Features attractive side
panels raised by #in from player panel.

Yalmnt -oriMaple o niriss el $7.95
3 1 TS AR oS S e S $9.95

8 York St(between King & MarketSt)
ed »

PERSPEX COVERS

Brand new range of:

and

MODEL 45 STAND. Size 17%in x 14%in x 34in,
Complete with special black surround on the
base, plus a masonite safety base. Fully veneered
on all surfaces. Sweeping new overseas styling.
0711111 | AR e RS, o MR $8.95

3 1 ARG R SR e L R D $10.95

(Extra for player stands cut to template,75¢c)

PERSPEX COVERS

MODEL 3185. Size 14}in x 15%in x 3%in outside
measurements. This sleek MOULDED cover in
grey tinted perspex, is for use with the model 35
stand and any record player. Complete with
attractive perspex knob.

MODEL 325. Size 14}in x 15%in x 4%in outside
measurements. A fabricated grey-tinted cover,
ideal for record changers in conjunction with
model 35 stand, Complete with attractive
perspex knob.

IMadel S8 arce on T R $8.95

ModeliSa¥. ey sl S e $9.95

MODEL 415. Size 173in x 14%in x 32in outside
measurements. This attractive MOULDED grey-
tinted cover is for use with the model 45 stand
and any record player. Complete with sleek
perspex knob.

MODEL 425. Size 174in x 143in x 4%in outside
measurements. A fabricated grey-tinted cover,
ideal for changer models in conjunction with
our No. 45 stand. Complete with attractive
perspex knob.

Model @IS T ol Che . L LS St T e $9.95

wVEadel S48 il PRV Sl $10.95

(Extra for covers fitted with stay-up hinger, $1.50)

COMBINED AMP/PLAYER CABINET

This model 75 cabinet combines a player stand, attractive tinted perspex cover and
amplifier cabinet (44in x 174in). Perspex cover comes complete with attractive perspex
knob and a pair of stay-up type hinges. Cover measures 16§in x 14%in x 4%in inside
dimensions. The cabinet comes as an easy-to-assemble kit of parts, both saving you

money and facilitating transport.

Kit

of parts in Maple
Kit of parts in Teak

PACKING AND REG'D POSTAGE

INSTR
HIFI CENTRE

91 York St(between King &Market St

° SYDNEY, 2000

(opposite Rank Xerox Building)
Phone 29-4258

MODEL |_NS.W. | VIC, QLD. | TAS., N.T., S.A, N.G. | W.A.
Player stand 1.65 2.15 2.40
Perspex cover 1.65 2.25 2.55
Model 75 kit 275 | 420 4.90

) }m'”'”“f ————————————— Gt

l O Speaker Kits ;
O Player Stands and Perspex Covers

e
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PZ.5 and PZ.6 Power Supply Units

Two types of mains-power supply
units are available for use with
Sinclair high fidelity equipment.
For the majority of domestic
applications the PZ.5 will be found
completely adequate. Where very
low-efficiency loudspeakers are
used, however, it will be necessary

to use a PZ.6 Stabilised Power Unit.

Use of the latter is also indicated
where maximum outputs are
required from the amplifier system

under extreme operating conditions.

PZ.5

Unstabilised power supply unit
recommended for two Z.30
amplifiers and Stereo 60 for all
average requirements.

Specifications

Output:
30 volts/1:5 amps maximum.

Mains input:

110-240 volts + 20% 50/60Hz.
Size:

Qi 8l 78"

PZ.6

Stabilised mains supply unit delivers
35 volts at 1:5 amps with ripple less
than 20mV at any output up to
maximum current,

Size:
3:9" x 2:8" X 1:6”.

SINCLAIR PRODUCTS for the
ELECTRONIC CONSTRUCTOR ;

Stereo Sixty Pre-amplifier and control unit

Elegantly modern design with
original concepts in circuitry make
this pre-amp and tone control unit usual inputs. The tone controls are
meet the most stringent high fidelity also very carefully designed and
standards. Basically it is for use with tested,

two Z.30 amplifiers powered by a
PZ.5 (or PZ.6), but it is equally
satisfactory used with other good
power amplifiers. Silicon epitaxial
planar transistors are used throughout
and a very high signal-to-noise ratio
has been achieved together with
excellent channel separation. The
unit is very easy to mount in cabinet
or modern plinth with motor

and pick-up assembly.

Input selection is by means

of four push buttons and accurate
equalisation is provided for all the

Signal-to-noise ratio:
Better than —70dB.

Channel matching:
Within 1dB.

Tone controls:
Treble +15dB to —15dB at 10kHz
Bass --15dB to —15dB at 100Hz.

Power consumption: 10mA. max.

Specifications

Input sensitivities:

Radio: up to 3mV

Magnetic pick-up: 3mV

correct to R.ILA.A. curve + 1dB
20 to 25,000Hz

Ceramic pick-up: up to 3mV
Auxiliary: up to 3mV.

Output: Size: ; :
250mV. 81" X 18" x 3%".

Front panel:
Brushed aluminium with black
knobs and controls.

é ELECTRONICS Australia, August, 1970



Z.30 Twenty watt high fidelity amplifier

This is a power amplifier of advanced
design, having a fantastically low
distortion level of 0°:02% at maximum
output and all lower outputs, As far
as we know, no other high fidelity
amplifier made can match this
specification, no matter what the
price. Nine silicon epitaxial planar
transistors are emplayed in circuitry
which enables the Z.30 to operate
from any voltage from 8 to 35 without
adjustment and from any power
supply. Essentially a high fidelity

power amplifier of the very highest
standards, the gain of the Z.30 is
such that it can be fed directly from
a crystal pick-up enabling it to be
used in an economy battery operated
record player for example. The
versatile Z.30 has very many appli-
cations, however, ranging from high
fidelity to P.A. and laboratory work
and these are fully detailed in the
comprehensive manual included with
the unit, which is supplied built,
tested and guaranteed.

Applications

Hi-fi amplifier: car radio amplifier:
record player amplifier fed directly
from pick-up: intercom: electronic
music and instruments: P.A.:
laboratory work, etc. Full details for
these and many other applications
are given in the manual supplied
with the Z.30.

$pecifications

Power output:

18 watts R.M.S. (30 watts peak)
into 8 ohms using a 35 volt supply:
20 watts R.M.S. (40 watts peak)
into 3 ohms using a 30 volt supply.

The Sinclair IC.10 is the world’s first
meonolithic integrated circuit high-
fidelity amplifier and pre-amp. It has
B watts R.M.S. output (10w. peak).
The circuit is a specially processed
silicon chip, one-twentieth of an
inch square by 0:01 inch thick,
containing 13 transistors, 3 diodes
and 18 resistors. This, together with
its connecting pins, is bonded to the
supporting heat sink which runs
through the solid plastic package in
which the circuit is encapsulated.
The resultant product is infinitely
more rugged than any amplifier ever
made available before to the public.
The 1C.10 is a true high-fidelity
amplifier possessing distinct
advantages over conventional types.
The most important are complete
freedom from thermal.runaway and
very low distortion level. Thus
battery operation is perfectly satis-
factory. As an audio amplifier, the

Distributed by

Qutput:
Class AB.

Frequency response:

30 to 300,000Hz -+ 1dB.
Distortion:

0:02% total harmonic distortion at

full output into 8 ohms and at all
lower output levels.

Signal-to-noise ratio:
Better than —70dB unweighted.

Input sensitivity:
250mV into 100K ohms.

Damping factor:
> 500,

1C.10 requires only the addition of
components such as tone and volume

controls. However, it can also be used

in many other applications including
servo amplifiers, etc, since the circuit
is d.c. coupled in both its sections.
The manual provides details of an

extraordinarily wide range of appli-

cations together with all necessary
instructions.

Specifications

Output:
Class AB, 10 watts peak, 5 watts
R.M.8. into 3 £ with 18v. supply.

Frequency response:

5Hz to 100kHz + 1dB.

Total harmonic distortion less than
1% at full output.

Power gain:
110dB (100,000,000,000 times)
total,

Loudspeaker impedances:
3to 15 ohms.

Power requirements:

From 8 to 35 volts d.c. (the Z.30 will
operate ideally from batteries if
required).

Size:
33" x 23" x 3.

' 1C.10 Integrated Circuit 10 watt amplifier

Supply voltage:
8-18 volts.

Sensitivity:

5mV.

Input impedance adjustable
externally up to 2:5 MS for above
sensitivity.

Size:
3 e o

Circuitry:

3 transistors in pre-amp; 10
(including two power types) in
power amplifier. Both sections are
d.c. coupled, and a high level of
negative feedback is applied over
all. With a transistor cut-off greater
than 500MHz, the pre-amp can be
used as an RF or |F stage and

the whole IC.10 used as a radio
receiver without the need to add
further transistors.

GOLDRING Engineering (Aasia) Pty Ltd

New South Wales 443 Kent St Sydney 2000
Phone 29 5802

162 Pelham St Carlton 3053
Phone 34 5105

415 Adelaide St Brisbane 4000
Phone 2 3247

207 Flinders Street Adelaide 5000

Victoria
Queensland

South Australia

Victoria

Phone 23 3488

West Australia

32 Northwood St Leederville 6007

Phone 8 4988

West Australia

SINCLAIR Products available from the
following distributors:-
" New South Wales General Accessories

George Brown Pty Ltd [] Kit-Sets
Martin de Launay Pty Ltd

PrePak Electronics

Douglas Radio [J J H McGrath
Radio Parts Pty Ltd

Athol M Hill Pty Ltd (] Atkins (WA) Ltd
Carlyle & Co [J General Accessories

GF - PR=3
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Protecting Hospitalised Patients
from Electrical Hazards

Electrodes internal to the body give rise
to safety problems far more complex than

generally supposed, requiring changed thinking

Medical practitioners are becoming concerned about
the growing possibility that hospital patients connected to
monitoring equipment might be electrocuted. Extremely low
current levels can be lethal if allowed to flow between earth
and electrodes internal to the body, especially those inserted
in the heart,

Monitoring equipment itself is basically harmless but,
because it makes conductive contact to the patient, it can be
the key link in a life-threatening current path.

Although it is difficult to determine how many patients
actually are electrocuted, because death of the very ill is
often attributed to other causes, accidental deaths from elec-
trocution have been reported in the literature since 1960
Some of these accidents are caused by faulty electronic
equipment, but more often they are caused by mis-
application of equipment. I would like to discuss here the
subtle ways electrocution can occur, and what can be done
to reduce the likelihood of such catastrophes.

There has been concern about shock hazard ever since
electric power came into general use in the late nineteenth
century. Many investigations were conducted to establish
safety standards, most of them concerned with gross effects
— like pain, muscle stimulation, and tissue destruction from
burning — caused by electrical current travelling through
the intact skin from limb to limb. The results of these
investigations, which show the effects that various current
Lee\ielvsv’ have on human beings, are summarised in the box

ow?,

Although it varies widely from person to person, the
threshold of perception is about 1mA. At this level, a faint

Effects of S0Hz current on average humans
through the trunk (one-second contact)

.001A  Threshold of perception,

.016A  “Let-go” current, Sustained muscular con-
traction,

.05A Pain. Possible fainting, exhaustion, mechani-
cal injury. Heart and respiratory functions
continue.

1t03A Ventricular fibrillation, Respiratory centre
intact. _

>6A Sustained myocardial contraction followed

by normal heart rhythm. Temporary res-
pirﬁpcg)lx;y paralysis, Burns if current density
is high,

8 ELECTRONICS Australia, August, 1970

about the design and use of medical
electronics equipment.

by William F. Craven

tingling sensation is felt. At a current level of SmA, many
sensory nerves are stimulated and the sensation becomes
gainfu.l, usually to the point that the subject jumps away
rom the source of stimulation.

At current levels higher than SmA, motor nerves are
stimulated and the affected muscles contract. At the so-
called “let-go” current level, around 10 to 20mA, muscle
fibres are kept in a constantly depolarised condition. The
subject then has no ability to control his own muscle ac-
tions and he is unable to release his grip on the electrical
conductor. Above the “let-go” level, electrical stimulation be-
comes increasingly painful and mechanical injury may re-
sult from the powerful contraction of the skeletal muscles.
Despite pain and fatigue, however, the heart and respiratory
functions continue.

At about 100mA, other more life-threatening physiolo-
gical phenomena occur. One of the more common is ven-
tricular fibrillation, a lack of co-ordinated action among the
muscle fibres of the heart, Fibrillation defeats the heart’s
ability to pump blood and is fatal unless corrected within
minutes. At about 6A or more, though, the heart goes into
sustained muscular contraction, much as skeletal muscles
do at the let-go level, but when the current ceases, the heart
usually reverts to its normal co-ordinated mode of opera-
tion. This phenomenon is used extensively to restore nor-
mal rhythm to fibrillating hearts, usually by applying a
1-3KV, 5mS, pulse to the chest.

Continuous high current levels of 6A or more also
cause temporary respiratory paralysis_ and may cause
serious burns if the current density is high. At current levels
much above 6A, massive damage is caused by the heating
effect of the current flow.

The voltages required to obtain these current levels
vary widely because the contact impedance ‘varies from
person to person, depending on skin type, contact area,
and on other parameters such as whether or not the skin is
r%oist. Typically, the threshold of feeling is from 10V to
50V.

From many investigations conducted over the u%ears
5SmA has become accepted as the maximum that shouid be

1. “Medicine and the Law: Fatal Shock from a Cardiac
Monitor,” Lancet 1:872, 1960.

2. Bruner, John M. R., “Hazards of Electrical Appara-
tus,” Anesthesiology, March-April, 1967,

3. Whalen, Robert, Stanner, Mclntosh, “Electrical
Hazards Associated with Cardiac Pacing,” Academy
of Science Annuals, New York, 1964.



Patients in intensive care wards may simultaneously ¢ ome into contact with several different types of moni-

toring instruments and electrical appliances.

allowed to pass through a human being from external con-
tact. Among the many tests that electrical equipment must
pass to receive Underwriter Laboratories listing, is one
specifying that S0Hz leakage currents from the mains to the
equipment case shall be less than 5mA, That is, if a person
were to touch an electrical instrument or appliance while
standing barefoot on wet earth, there should be no more
than SmA flowing through his body. Nowadays, these leak-
age currents arise in electronic equipment primarily from
capacitive coupling in RF line filters and between the
primary winding and core and case of the power trans-
former. Resistive leakage paths have been reduced sig-
nificant by modern insulation materials,

The preceding has assumed that electrical contact is
made outside the body. With the improved instrumentation
now available to hospitals, it is common to have electrical
contacts made inside the body where fluid electrolytes sub-
stantially reduce resistance to current flow. In a modern
surgical intensive care unit, for instance, a patient may have
four direct connections to his heart to allow measurement
of pressures in the various chambers of the heart. This
patient would also, most likely, have an electrocardiograph
attached externally to his body along with temperature
probes, respiration sensors, and perhaps mechanical assist
devices like respiration pumps and heart-lung machines.
In these circumstances, there is a possibility that leak-
age currents might pass directly to the heart. Furthermore,
not only is the resistance to current flow reduced by inter-
nal electrodes, but the current levels deemed hazardous are
inuclh; smaller than externally applied hazardous current
evels.

Of the many groups concerned with patient safety, most
believe that current passing internally through a patient
should be limited to less than 10xA. Investigators at Duke
University have shown that a current as small as 200A
flowing between the right and left ventricles in the hearts
of dogs can cause ventricular fibrillation®. Although the aver-
age current causing ventricular fibrillation in this study was
170xA, the fact remains that much smaller current can
cause fibrillation. Naturally, it is difficult to perform similar
experiments with humang but there is good reason to be-
lieve that the fibrillatory current may be similar. Since the
minimum impedance likely to be found between two elec-
trodes can be as low as 500 ohms, a working group of the
National Fire Protection Association recommends that non-
therapeutic voltages that a patient may contact should be
less than SmV.

Let us look at some of the situations that can arise in
hospitals. Figure 1 shows a patient in bed with earthed
L/

monitoring equipment attached. He reaches over to turn on
his bed lamp, a two-wire lamp that has a leakage current of
1mA but which still passes all present safety requirements.
This 1mA can pass through his arm, then through his trunk
to the earthed patient monitor with a portion going through
his heart. In fact, if an earthed electrode were attached to
his heart, all of the 1mA might flow through his heart,
causing immediate ventricular fibrillation. The existence of
this leakage path- would go undetected, unless a nurse or
attendant, accidentally touching both lamp and monitor,
also noticed a shock. Who knows how many patients might
have been electrocuted before anyone correlated a patient’s
sudden crisis with touching the lamp? Fortunately, when a
patient is monitored, an alarm sounds if his heart starts
fibrillating so resuscitation can be started immediately.

We are all aware of the hazards posed by common
household appliances and power tools, where a leakage path
to the case can create a shock hazard, but when we are
concerned with microamperes rather than milliamperes,

Figure 1. Normally harmless leakage current in a
lamp can become dangerous if a patient has inter-
nally attached electrodes.

Bedlamp
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INTRODUCING NEW RCA SUPERSWITCH:

| THE NEW CA3062

[RGB Gireits
Circuits

Choose any medium-speed application that uses
light sensor. You'll find the circuitry easier to design
when you use the RCA-CA3062 —because there's less
to design. The CA3062 consists of two parallel-con-
nected photosensitive Darlington pairs which drive a
differential power amplifier to provide a normally-oft
and a normally-on output in response to a light input.
Turn-on time is typically 38 us. Turn-off time is 43 us.
Available in a compact, window-ended TO-5 style

range of 5 to 15 volts dc. It is compatible with RCA’s
40736R infrared emitter. Use it for counter and posi-
tion sensors, optical tachometers, limit detectors,
level scanners, paper web sensors, wheel balancers,
and similar devices.

For technical details write to
Amalgamated Wireless Valve Co. Pty.
Ltd., Private Mail Bag, P.O. Ermington
2115 or Interstate Offices and

package, the CA3062 has 100 mA output current capa- Distributors. /"\
bility, and can be operated at supply voltages in the Q
THINK ABOUT IT N

LSASB AMALGAMATED WIRELESS VALVE CO PTY LTD
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Figure 2, Broken earth wire creates hazardous
environment for monitored patient. In this case,

nurse unintentionally completes circuit from
mains power to earth through patient,

there are many unsuspected ways that shock hazards can
arise,

A more subtle situation is shown in figure 2, Here the
patient is on a bed that has electric motors to raise, lower,
and adjust his position, An earth wire is broken, so the
metal framework may be at some potential other than earth
because of capacitive coupling between motor wiring and
bed frame. The patient is connected to earth through an
electrocardiograph (ECG) monitor, and he has a pace-
maker catheter inserted into his heart to synchronise his
heart's rthythm, However, the pacemaker is battery operated
and is not tied to any AC outlet. So, the patient is safe —
so far,

Now suppose the nurse adjusts the wiring on the pace-
maker while leaning against the metal bed frame. Obvious.
ly, she supplies an electrical path from the bed frame to the
patient’s heart and then to the earthed monitor, as shown in
the equivalent circuit of figure 3. As much as 100#A could
flow through the patient's heart and, as discussed earlier,
this could cause ventricular fibrillation.

Had the bed been earthed, there would have been no
problem. Equipment in hospitals, however, gets severe use,
and it is usually handled by people who do not understand
electricity and who do not understand the need for good
earthing. The bed, which worked fine because it did not rely
on the earth wire for operation, could have had a broken
earth wire unnoticed for a long time, The only evidence
that something might be wrong might have been excess
50Hz interference on the monitor oscilloscope. Those using
the equipment probably would have assumed the problem
was in the monitor or electrodes, and would likely have
done nothing further,

Let us look at one more example, Figure 4 shows a
patient grounded by an ECG monitor. Intercardiac blood
pressure is also being monitored by a saline-filled catheter
inserted through a_vein into the patient’s heart, The catheter
transmits pressure to an external transducer that is con-
nected to an earthed monitoring device in such a way that
the saline-column is also connected to earth. The patient’s
heart is thus effectively tied directly to earth. No problem
yet,

It so happens that the patient is in an older hospital
where the intensive care unit was converted from a general
ward area, requiring the installation of additional electrical
outlets. As is common practice, and as permitted by most
electrical codes, the earth wire for the new outlets was not
connected directly to existing outlets but was routed all the
way back to the power distribution panel. In this case, the
ECG monitor was connected to an outlet on one earthing
system and the pressure monitor was connected to the other
earthing system. Still no"problem.

Now, along comes the cleanup man with his vacuum
cleaner, Vacuum cleaners are notoriously unsafe devices be-
cause they are prone to large amounts of residue in their

Motor-to-bed frame capacitance _I_
C = 2500pF = 1.1M9

|=%§%"5=‘wa

Figure 3. Equivalent circuit of situation dia-
grammed in figure 2.
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Figure 4. If all equipment near the patient is not

connected to a common earth point, a hazardous

situation can develop. Leakage current in the vac-

uum cleaner is sufficient to create a voltage dan-
gerous to the patient.

suction motors, and they often pick up debris that may be
damp. Over a period of time the motor develops resistive
leakage paths from its windings to the vacuum cleaner
case although a three-wire power cord prevents the case
from rising to a high potential.

This particular vacuum cleaner has developed a leakage
path that allows 1A to flow in the earth wire, This current
flows through the earth wire in the outlet back to the power
distribution panel 50 feet away. The 12-gauge ground wire
has a resistance of 80 milliohms, which means there is a
voltage drop of 80mV from outlet to distribution panel. So
now the patient is connected between two earths that have
an 80mV potential difference. Now there is a problem: if
the impedance between the two grounds on the patient were
much less than 8000 ohms — and it could be as low as
500 ohms — more than 10uA would flow,

Here we have an insidious situation in which the
patient might have expired without anyone touching him or
without his touching a lamp or anything else. The con-
nection between plugging in the vacuum cleaner and the
patient's sudden demise is far from obvious, It should be
emphasised that the wiring as installed met all requirement
of existing electrical codes.

The above examples show that where there is direct
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‘1—]" A COMPLETE EXHIBITION OF ALL AUDIO
@ AND RELATED EQUIPMENT & SERVICES

PROMOTED TO BOTH TRADE & PUBLIC

JULY 10th, 1971, full technical details of exhibits
HORDERN PAVILION, to be included in June, 1971, issue
ROYAL AGRICULTURAL of Electronics Australia.
SOCIETY’'S SHOWGROUND,
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m OF EQUIPMENT
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Applications for exhibit space are @
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electrical access to the heart, extreme caution must be
observed in attaching electrical monitoring equipment to
patients, What can be done to prevent problems from oc-
curring? One way is to prevent, where possible, electrical
pathways to the heart. The new Hewlett-Packard Model
1280 B/C Pressure Tranducers, for example, have dome
and diaphragm electrically isolated from the rest of the
transducer to provide protection for catheterised patients,

Additional protection can be provided by limiting to
less than 10#A the maximum possible current in all leads
connected to the patient. Hewlett-Packard elec-
trocardiographs and instruments for patient monitoring now
have current-limiting circuits that allow no more than 10uA
to flow through patient-connected leads should the patient
come in contact with 115 volts, or even 230 volts. This
insures that the equipment does not supply an earth path if
the patient comes in contact with voltages produced by
other equipment such as beds, TV sets, radios, and electric
shavers. Tﬁis type of monitoring equipment, by isolating the
patient electrically, does not contribute to hazardous situ-
ations.

How patient isolation is achieved in this equipment is
shown in the diagram of figure 5. In much the same way
that signal earth is isolated from equipment in guarded di-

ital voltmeters, patient leads are isolated from the measur-

ing experiment. The only connection between the patient
and equipment ground 1s through stray capacitance ClI,
which is approximately 95pF. uring the desi%n phase,
careful attention was also paid to all other possible current
leakage paths from the isolated input to the rest of the
equipment. As a result, the impedance between input cir-
cuits and ground is greater than 25 megohms at 50Hz. This
means that if a patient connected to a monitor using this
circuitry should come in contact with 115V, no more than
4.60A could “flow through him.

To protect the patient from all sources of electrical
shock, regardless of the equipment used, great care must be
exercised in the installation and maintenance of equipment
within his reach. One way is to connect to one common
point all nearby metal surfaces and all electronic devices to
which he is attached. This point, referred to as the equi-
potential patient reference (EPR). is then connected to the
hospital earthing system. The EPR can have a potential
with respect to real earth without harm to the patient be-
cause he cannot come in contact with any metal object ex-
cept those tied to the EPR. It is important, however, to
limit the length of earth wires connecting the equipment to
the EPR and to limit possible current flow in these wires so
that the potential difference between equipment and EPR is
always less than SmV,

Further improvements in an EPR system can be
obtained with an isolating transformer, as shown in figure 6.
Here, even if a leakage path exists in a piece of equipment
from the “hot” side to “common” (the EPR), the maXimum
current that can flow is that permitted by stray capacitance
between the isolation transformer windings and in associa-
ted wiring.

.Also inc{uded in this system is a fault detector that
monitors the impedance between the EPR and each side of

Isolated Amplifier

Patient
- - Leads

Figure 5. AC coupling A
to an isolated ampli-
fier eliminates any DC
connection  between
input and output. The

FAULT
DETECTOR
A.C.
Receptacle
All Metal Objects
Around Patient
Equipotential

Patient Reference

Figure 6. An isolation transformer and a single
earth point provide a safe electrical enviroment if
all earth leads are inspected regularly.

the line. Should the impedance fall below a level that allows
just a few milliamperes to flow in the EPR, a warning is
set.

Nevertheless, even with the improved protection pro-
vided by an EPR, not all hazards are eliminated. If the
earth wire connecting the EPR to the chassis of an attached
instrument should break, stray capacitance could raise the
chassis potential above earth and, since plugs get yanked
out of outlets and power cords get stepped on and kicked
around, breaks in eargh wires occur far more often than
leakage faults in transformers. If the installation were
designed so that all leakage currents in the isolation trans-
former, wiring, and instruments were less than 10xA
(designing a distribution system with less than 10#A leakage
is not easy), the patient would be safe should a ground wire
break. Obviously, instruments with isolated inputs provide
an important safety factor here, but many installations do
not have them, Hence, good earthing practice is not only
essential, but frequent inspection of the electrical environ-
ment is imperative.

From the preceding, it is obvious that providing good,
safe monitoring to patients in hospitals is not a simple task.
The best that can be done is to reduce the risk of accidental
electrocution to the lowest possible level by using a com-
bination of isolated patient circuits and a properly installed
and maintained earthing system. These provide a double
barrier to electrical accidents. Failure of either one does not

lace the patient in immediate jeopardy as long as the other
is intact. The fault would be found during the next routine
inspection of the electrical environment. By making regular
inspections, the probability of simultaneous failure of both
safety barriers can then be reduced to an acceptably low

level.
(Continued on page 189)

MODULATOR

Grounded Amplifier

ECG
Out

input signal modulatés FLOATIIS, PO WER - [ DEMODULATOR A
a 100KHz carrier for
coupling to external Lji
circuits. A demodula-
tor recovers the orig- 0
inal input waveform.
100kHz C=95pF
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Not just indicators... 7:2//7
..thats the dlfference

is showing up in allthe important places

==s Should be in your equipment IRH Components
You already know the “spacesavers’’ — the FP Series — imited
also the functnonals — the heat embossed FM Series — Pty‘ Limite

Now meet the “Bobby Dazzlers”” The New LT-1 Series. BRLECESLEET T M €l 0o t0e (1o 0

Check these advantages N.S.W. 2208. Phone: 50-0111
+* Highest |ight output INTERSTATE TELEPHONES -
MELB. VIC 4891088
* Screw in coloured lens — flat or domed HOB. TAS  34.2811
* Single or twin lamps PERTIL WA . 82211
* Chrome dress ring or coloured lens escutcheon ADEL. SA. 231971
* Quickconnect or screw terminals or twin PVC flex — i :
never before have you had such a choice IRﬂ THE COMPONENT DIVISION
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Microfilm Storage
with High-Speed
Retrieval System

An automated filing system which can

retrieve upon demand any one of

millions of microfilmed documents within
ten seconds has been developed in the

U.S.A. by the Varian group.

The system, called the Varian
ADCO 626 Microfilm Storage and Re-
trieval System, does not require a com-
puter, and uses a specially developed
film carrier.

The fast response of the system is
made possible by an optical search
head which can scan a file of 1,000
microfilm carriers and identify the re-
quired one in a maximum of one
second. The entire system requires less
than 10-second access from any num-
ber of remote points to a multi-million
page master file. A high definition
(1225-line) closed circuit television
system is used for displaying stored
information.

Recent studies have shown the cost
of storing a page of information in a
computer can be as high as $40, on a
per-bit-stored basis, Equivalently, the
new Varian ADCO 626 system costs
afvproximately 8 cents per page, or
almost 1/500th the cost, representing a
significant economic breakthrough in
the rapid filing and secure storage and
retrieval of printed or graphic informa-
tion on microfilm.

Not only does the average organi-
sation waste 76 cents out of every dol-
lar spent for record-making and filing
operations, the studies showed, but the
average cost of a single misfiled docu-
ment has been calculated authori-
tatively to be $85. This, plus the fact
most organisations misfile one per cent
of all documents, can have a significant
effect on profits.

Moreover, a “Dun’s Review” survey
of 278 manufacturers indicated 47 per
cent of the firms agreed that better
filing procedures and systems offered
the greatest single opportunity in busi-
ness operations for improvement and
cost savings. The average company,
further, keeps seven per c¢ent more
records than it actually has to, and
uses 45 per cent of all file cabinet
space to store duplicate records and file
copies that have no real reference value
whatsoever.

In announcing the new system, Vari-
an said market studies showed that
many organisations today are anxious to
begin the task of wupdating their
systems and automating document
retrieval procedures, but have been
hesistant because of the prohibitive costs
of many microfilm reirieval systems

that are computer-based. The ADCO
626 system was designed precisely for
such organisations, Varian says.

The system operates by means of a
hardwire logic/digital controller
arrangement whereby the user directly
addresses the optical search head by
typing the number of the document he
wants to be retrieved., This number di-
rects the photodiode/light cell search
head to the tray of carriers where the
document has been filed, and the
search head then scans the binary-not-
ched codes on the edge of each carrier
with a collimated light probe,

When the proper carrier (or carriers)
has been selected, it is placed on to a
high-speed miniature conveyer which
takes it immediately to a high-reso-
lution TV camera, An image of the
microfilm is then transmitted to a 1,225
line TV monitor at the request station
where an electrophotocopier will make
hard copies.

Whether 16, 35 or 105-millimetre
size, the frames are stored in their car-
riers according to the following filing
hierarchy: 1,000 microfilm image car-
riers per tray; 10 trays arranged on a
single level; five levels form a basic
storage module and a maximum of six
of these modules form a storage bank,
or bay. Because each microfilm frame
can contain up to 30 page-images, a
single bay gives the user a nine-
million-page capacity, There is a search
head for each level of microfilm stor-
age, operating independently from all
the others, each with its own delivery
system and TV camera.

The following is a summary of the
system’s main features:

Simultaneous access to documents by
a number of users — even those re-
questing information from distant
cities;

instantaneous transmission of image
to any number of request stations, with
hard copies available at each;

fully automatic infiling, purge or up-
dating offered as a standard feature;

remote operation over microwave or
cable links, or over existing telephone
line equipment;

no computer is required for system
operation — this saves extensive leas-
ing, programming and training costs;

a basic System 626 file bank of any
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number of pages can be expanded
modularly, in increments of 50,000 to
1.5 million pages (a single module), to
accommodate every organisation’s par-
ticular filing and retrieval growth re-
quirements;

expansion of the system to multi-
million or even thousand million page
capacities does not affect retrieval time;

while it doesn’t need a computer, the
system is easily linked to any modern
business computer without extensive
software;

the system can make hard copies of
any record at any remote terminal in
10 seconds, at a price competitive with
current copy costs;

the 626 system can store in its basic
configuration, up to nine million pages
of documents, including all necessary
hardware, in 350 sq. ft. — less than 5
per cent of the 7,500 sq. ft. required
for an equivalent amount of documents
in four-drawer file cabinets;

retrieval in less than two seconds of
each successive frame after the first has
been displayed;

indexing is by whatever system an
organisation is already using — no
special language or coding method is
required;

no complicated peripheral equipment
is required;

the system is equally economical and
flexible for any type of organisation or
industry;

visual verification of records being
retrieved is provided by digital tube
readouts on the operator’s console;

a “browsing” mode is included to let
users casually scan groups of docu-
ments, stopping whenever they wish to
make hard copies of specific pages;

the film surface or the index coding
is never handled; the system operates
anywhere, needs no special air condi-
tioning or flooring, and is powered by
standard 220V AC line current; totally
secure, pilfer-proof document storage.

Industries expected to be attracted to
the ADCO 626 system are insurance,
banks, government agencies, State
agencies such as motor vehicle depart-
ments, law enforcement agencies, credit
card companies, hospitals and com-
panies which store and refer frequently
to large volumes of maps, charts and
drawings, and other documentation. %
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HOLOGRAPHY IN INDUSTRY

16

In the past few years, articles have been published regu-

larly in “Electronics Australia”’ on holography, the technique

of reconstructing three-dimensional images from a photo-

graphic plate made with the light from lasers. Continuing

research has resulted in the development of techniques that
are now being exploited by industry.

By Ron Brown

It is, for example, possible to use ho-
lography to see vibration patterns of
such things as high speed turbine
blades, piezo-electric transducers and
structures of many kinds. It is also
possible to measure extremely small
changes of shape of structure when it is
loaded, or to compare components as
they come off the Froduction line with
a three-dimensional image of a perfect
component. Any errors show up imme-
diately in the form of an easily identi-
fiable light pattern.

One of the applications of hologra-
phy is to check high precision motor
car cylinders against the reconstructed
image of a master cylinder. The holo-
gram is recorded by shining a 1laser
beam on to the interior walls of the

cylinder and when it has been develop-
ed it is replaced in its holder and il-
luminated. This produces a three-di-
mensional image of the cylinder which
superimposes itself exactly on each pro-
duction line cylinder where it replaces
the master cylinder. With an imperfect
cylinder, the residual differences
between the two images produce inter-
ference fringes. Errors in the shape of
the production line cylinder can be de-
tected and measured by observing the
shape and position of the interference
fringes. The fringe pattern can be re-
garded as a contour map in which the
contour interval is an error of 1.8
micrometres in the radial direction.
This cylinder measuring technique is
now being developed in collaboration
with a leading British motorcar com-
ponents manufacturer.

A slightly different technique is used
to check vibrating objects such as tur-
bine blades. These blades "and many.
other components show mode patterns
that vary with frequency when they are
vibrated. At any one frequency some
parts of the components are stationary
and other parts vibrate vigorously. If a
hologram of such a vibrating body is
made with a long exposure time the sta-

ABOVE LEFT: Compari-
son of diesel injection
pump cyclinder bores. The
view down the cylinder
bore shows contour fringes
representing the difference
between a perfect master
cylinder and one whose
axis is curved.

ABOVE RIGHT: Pattern of
fringes over a square plate
attached to a piezo-electric
crystal vibrating at 1052Hz.

LEFT: The complete ap-

paratus used for examining

cylinder bores by holo-
graphy.

RIGHT: The master cylin-
der being inserted into its
mount.
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tionary parts will produce a normal
hologram image, but the vibrating parts
will be recorded in many different con-
flicting positions and will be “washed
out” by destructive interference in the
finished hologram. When the hologram
is later illuminated the stationary parts
appear bright and the vibrating parts
appear much darker, and are covered
in a fringe pattern contouring the equal
amplitudes of vibration. In this way the
positions of the nodes and antinodes
are clearly visible.

The National Physical Laboratory in
the U.K. has invented an important
extension of this technique which
makes use of the stroboscopic effect to
freeze the vibrating patterns. The idea
here is to place a hologram of the test
object in exactly the same position it
was in during the recording process.
The test object itself also remains in its
original position and is viewed through
the hologram plate so that the object
and its three-dimensional image coin-
cide. This produces the normal pattern
of interference fringes. The position of
these fringes does, of course, depend
upon the relative positions of the object
and its image: any slight movement of
the object relative to its image causes
the fringes to move. This means that if
the object is vibrated its periodic move-
ment will cause the fringes to sweep
backwards and forwards across its
surface at the vibratory frequency. If
the laser used to illuminate the object
and the hologram is pulsed on and off
at the frequency of vibration the move-
ment will appear to be arrested in the
classic stroboscopic manner. The dis-
tortion of different points on the
surface at that particular vibratory fre-
quency can then be observed directly,
and the effects of varying the frequen-
cy can be observed by simply turning
the frequency control knob of the os-
cillator producing the vibratory fre-
quency. Vibration analysis carried out
in this way has a very high sensitivity
because the interference fringes are
effectively contour lines spaced at inter-
Y‘alﬁ of one-half wave-length of the laser
ight.

Fringe patterns viewed stroboscopic-
ally allow the vibration modes to be
examined over the full frequency
range. A particularly attractive feature
of the technique is that cine records
can be made which, when run at nor-
mal speed, show the changes in the
behaviour of the components as the
frequency of vibration is varied.
Among other things the very damaging
sharp resonance conditions which are
difficult to study by any other tech-
nique show up very- well.

The basic technique for observing
vibrating surfaces has been used in the
design of high-powered sonar trandu-
cers for underwater operation. Similar
vibration studies are being applied to
the blades of jet engine turbines. Also
under investigation are holographic
techniques for measuring accurately
the droplet size of medical sprays from
aerosol cans. Fingerprint identification
by holography is also being actively
investigated.

(This article, and thecaccompanying
photographs, are reproduced from
“New Technology,” No. 37 (February,
1970), published by the U.K.’s Ministry
of Technology, by arrangement with
the Editor.)

Automated
Meteorology

System for
UK. Army

A prototype of the control console to be

used in the automated meteorological sys-

tem. This uses program-directed entry tech-

which niques to guide the operator through all the

steps necessary to make sounding, and dis-

plays results as they are provided by the
computer.

Artillery regiments in
the British Army are to
have automated meteoro-
logical systems
will provide them with
data on prevailing at-
mospheric conditions in
the shortest possible
time.

The new Artillery Meterological System (AMETS) will be a completely
self-contained, mobile upper air station built to rugged military standards.
It will produce instant meteorological messages by automatic processing of
the data from a tracking radar and radiosonde complex. A single AMETS
will normally provide all meteorological data needed in the area of one
army division.

Current methods of obtaining meteorological information in the upper
air are based on the use of a hydrogen filled balloon carrying a radar
reflector and radiosonde. Height, and the direction and rate of iorimntal
movement are obtained continuously from a tracking radar as the balloon
rises, while atmospheric pressure, temperature and humidity are transmitted
back to the ground from the radiosonde.

AMETS uses a similar radiosonde but with a temperature sensor only.
The outputs from radiosonde and radar are fed into a computer which can
then calculate the required meteorological information from. the radiosonde
and radar outputs, a measurement of surface pressure, and from average
humidity figures which can be provided for the particular zone of operation.

Up to now, systems providing artillery meteorological data have used a
combination of instrumented and manual methods. The attendant problems
of operator training and the possibility of errors that can easily occur under
battle conditions have emphasised the need for an automated system. Typi-
cally, manual calculations can take about one hour to complete after the
radiosonde has reached the required altitude but the use of computer meth-
ods to process the data in AMETS can result in the meteorological message
being available less than two minutes after the radiosonde has reached the
given altitude.

Computer methods allow the control of the whole system to be greatly
simplified and soundings to take place more often than is currently possible.
In rapidly changing weather conditions, soundings can be taken as
frequently as necessary. By using the technique of program-directed entry,
the operator is reminded at each step what data the system needs and, if
any item is omitted, a visual warning will be given before balloon launch.
There is also a comprehensive set of self-checking routines which enable the
operator controlling the sounding to check that all parts of the system are
operational.

GEC-Elliott Space and Weapon Systems, who will supply the data
processing sub-system, will also be system research and development (R and
D) authority and prime contractor for the complete project. Plessey Radar
Limited, together with Plessey Radio Systems Division, both parts of the
Plessey Elec ronics Group, will be the R and D authority for the
tracking radar and radarsonde sub-systems respectively and will also be
responsible for the supply of this equipment. The companies have carried
out a feasibility study to define the total requirements of the project and the
new contract will cover final development and production of a quantity of
systems sufficient to equip the British Army. System presentations have
been made to a number of overseas military authorities, including NATO,
and AMETS is expected to have considerable export potential.
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U.K. METRICATION TIMETABLE

The recently appointed Australian Metrication Board will have to de-
cide on the timetable to be used in Australia. The plan adopted for the in-
troduction of metric in Britain was outlined earlier this year to represent-
atives of U.S. government and industry by the Chairman of the British Met-
rication Board, Lord Ritchie-Calder. The following extracts from his ad-
dress deal mainly with the proposed timetable for U.K. metrication.

In Britain there is no “if” about
going metric, By 1975, we shall have
achieved what 200 years ago — July
1790—Jefferson proposed for the New
United States — a rational system
of measurement. It has always struck
me as ironical that Quincy Adams, who
was personally convinced of the virtues
of the metric system should, as Secre-
tary of State in 1821, have advised
Congress not to adopt it “because it
would be hazardous to deviate from
the practice of Great Britain.,” I say
“ironical” because the excuse of British
industrialists dragging their feet a cen-
tury later was that they did not want
to deviate from the practice of their
biggest customer, the United States.

I find the loyalty of the United
States to the old imperial system rather
touching, especially in the Space Age
when the calculations and in-
strumentation needed to get men to the
moon are in the scientific number-lan-
guage of metric. (I should love to see
the computer calculating the number of
barleycorns to the moon and back. As
you no doubt know the foot was stand-
ardised all those centuries ago as “thir-
ty-six barleycorns taken from the
middle of the ear.”) But the astronauts
when they come back to earth splash
down in so many fathoms — and the
fathom is the length of a Vikings's em-
brace -— and so many yards from point
zero. The yard, of course, was the dis-
tance from the tip of the nose to the
outstretched finger of King Edgar, the
Anglo-Saxon king a thousand years
ago. The astronauts have been gathered
up and carried off into quarantine to
be debugged, decontaminated, debriefed
and demetricated so that they can step
out into a pound-foot-gallon country.

Learning metric is simple, It is un-
learning imperial that is difficult. And
that is where our younger generation is
lucky.

The contemporary phase of British
metrication can be dated from the
report of The Committee on Weights
and Measures Legislation (Hodgson
Committee) set up by the President of
the Board of Trade.which reported in
1950. The Committee resolved the per-
ennial debate by coming down on the
side of metric as “a better system of
weights and measures than imperial”
and recommending that the Govern-
ment “should take steps, in concert
with the Commonwealth and the
U.S.A,, in favour of the complete adop-
tion of the metric system over a period
of about 20 years.” In 1965, the Feder-
ation of British Industry wrote to
Ministers formally stating that the large
majority of its members was in favour

of the metric system, This was en-
dorsed by the Government and the
F.B.I's  successor-organisation, the
Confederation of British Industry, has
energetically promoted the change-over,

The British Standards Institution has
had, and will continue to have, a cru-
cial role, Metrication is meaningless
for industry unless it is embodied in
codes of industrial standards, accept-
able in Britain and, so far as possible,
abroad. The B.S.I. is a typically British
partnership between Government and
business subscribers embod¥ing. like
metrication policy, a national program
and the voluntary principle. The B.S.I.,
having actively promoted metrication,
put in hand a systematic examination
and revision of over 4,000 standards so
that the pace of change throughout the
economy would not be impeded by lack
of essential metric materials and com-
ponents. At the same time, the In-
stitution prepared and published, in
consultation with interests concerned,
agreed metrication time-tables for four
major industries. Those time-tables, in
turn, were dependent on the production
of B.S.I. metric standards by which
they could become operable.

The Royal Society, in the tradition
of British science, took a leading role
even when “imperial” was paramount
in promoting an internationally cohe-
rent system, consistent with scientific
precision, It held two conferences on
metrication in schools and later pub-
lished booklets embodying the recom-
mendations and conclusions,

Government departments, by requir-
ing metric specifications in publicly
financed projects and in direct contracts,
are decisively influencing the progress
of going metric. In the nationalised in-
dustry sector, substantial progress has
been made in planning the change. The
Central Electricity Generating Board,
for example, has published its program
for the change-over, issued a com-
prehensive metric manual, and organi-
sed training programs in coni‘unction
with the Electricity Supply Industry
Training Board.

The construction industry, with an
order-book of $US11.2 thousand
million a year, and involving over 1
million operatives and 80,000 con-
tracting firms, many of them small and
most of them dependent on casual
labour, might have seemed an in-
tractable problem. Through the in-
itiative .of the leaders of the industry
and the positive metric policy of the
Ministry of Public Building and Works,
the construction industry has become a
pace-maker in metrication. To assist
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on-site labour the Construction In-
dustry Training Board produced a sub-
stantial range of program information
and of training material,

Many Trade Associations, by their
own volition, made plans and began
the change-over before the Board came
into existence. Productivity Councils
have prepared the ground. Chambers
of Commerce in all parts of the coun-
try have promoted discussion. One of
the gratifying discoveries of the Board
was to find how matter-of-factly metri-
cation had been examined by the farm-
ing organisations, without serious mis-
givings.

The pharmaceutical industry and the
pharmacists who began planning as far
back as 1945, had changed over to the
use of metric units by March 1969.
Without any fuss or bother, the tradi-
tional grains and scruples disappeared,
This is an excellent example of the
metric go-between. The industry by its
packaging and the dispenser handling
the prescriptions could make the con-
version with no trouble to the medical
profession or to the public. The ease
with which the change has been made
is a reflection of the wisdom and thotr-
oughness of the planning which preced-
ed it. To the general public it just
appeared to happen.

During 1970 substantial progress will
be made in many sectors of the econo-
my. The British Standards Institution
expects that all important standards re«
lating to construction, industrial mate-
rials, engineering components and
equipment will be available, This is an
essential stage to an orderly advance
within these sectors. In education too
substantial progress can already be
foreseen, the change to metric in exam-
inations being a powerful stimulus.

Freight transpert has set the begin-
ning of 1972 as the target date, ¢
road speed levels will be in kilometres
per hour in 1973, and prior to that a
beginning will be made in erecting new
road signs incorporating distances in
kilometres.

The measurement of land in mettie
will begin in 1970, with dua] dimen-
sioning in preparation for the full
change-over in 1971 when land mea-
surement will be wholly metric. Forest-
ry will take a further year to achieve
the complete change-over. Farming as
a whole seems likely to begin to
metric in 1972, a change which should
be substantially completed in 1973.

Vital industrial supplies such as alu-
minium, lead, copper, zinc, steel bars,

(Continued on page 190)
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NUCLEAR REACTIONS

In the two previous issues, we have presented articles on particle accel-
erators and detectors, used by physicists to investigate the structure
of atoms. This latest article discusses what scientists have discovered
about the nucleus, which forms the heart of the atom, and some of the
researches they have been able to conduct, using this knowledge.

Most people today know that all sub-
stances on the Earth are made up of a
number of fundamenta] substances
known as elements. Ninety one of these
elements have been found to occur
naturally on Earth and a number more
(14 reported up to 1969) have been
artificially made by man. From spec-
troscopic analysis of stars it has been

determined that these elements are
common throughout the known
universe.

The difference between one element
and another was first discovered from
their chemical properties. As an
example, two parts of hydrogen (H)
could combine with one part of oxygen
(O) to form water, which has vastly
different properties from the in-
flammable hydrogen-oxygen mixture
of which it is made. Although two
parts of hydrogen combine with one
part of oxygen to form H.O, if an at-
tempt is made to combine magnesium
(Mg) and oxygen it is found that only
one part of each is required to form a
compound MgO (magnesium oxide).
Similarly hydrochloric acid, HCl is
formed from one part hydrogen and
one part of chlorine (Cl). Compounds
such as HO, Mg:O, H.Cl will not nor-
mally form.

The smallest particle of an element
that can exist and still retain the
properties of the element is an atom. It
was once thought that the atom was a
solid sphere which could not be broken
(atomos = indivisible) but it is now
known to be mainly composed of
empty space — and to be far from
indivisible.

An atom is made up of a central
core, or nucleus, which contains most
of the mass, and at relatively fixed dis-
tances out from the nucleus are elec-

By L. C. Debnam

trons, These electrons, both by their
number and position, determine the
chemical properties of the atom and
also some physical properties such as
electrical and thermal conductivity.
The positions of these electrons are
largely determined by the total number
of electrons in the atom, thus the main
fundamental consideration of the
chemical properties of an element is
the number of electrons in the atom.
The number of electrons, however, is
determined by the composition of the
nucleus, and it is possible to remove all
electrons from an atom (some very eas-
ily) but much harder to divide the
nucleus, so that the main consideration
in manufacturing or describing an ele-
ment is the structure of the nucleus.

The structure of an atomic nucleus is
largel'z unknown. However, it is known
that the main constituents are particles
of approximately equal mass known as
protons and neutrons. A proton is posi-
tively charged, with the same size
charge as the megatively charged elec-
tron, and neutrons have no electric
charge. A normal atom is electrically
neutral, i.e., there is no detectable elec-
tric charge a short distance from it,
and for this to occur the total positive
charge and the total negative charge
must be equal so that they cancel.

This means that in a normal atom
the number of electrons (hence the
positions of the electrons and the
chemical properties of the atom) is de-
cided by the number of protons in the
nucleus. The number of protons in the
nucleus is known as the atomic number
of the element and ranges from 1 (for
hydrogen) to 104 (for Kurchatovium)
for the known elements. (Element num-
ber 104 was reported to have been
manufactured at the Soviet Atomic

TABLE |—Typical Fusion and Fission Reactions

235 1 139 68 1
92U i - ”sa + 36Kr 2 l’lon
mass 235-12 1.009 138-92 85-94 11:099
(amu)
IS ST b e
mass 2:016 2.016 4.012
(amu)
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Energy Research Establishment at
Drbna in 1966 and the name is at
present unofficial. See Box, Page 23.)

. Historically, each element has been
given a name as (or sometimes before)
it was discovered and to ease writing
these names have been abbreviated to a
symbol consisting of one or two letters.
For example helium is given the sym-
bol He and nitrogen is given the sym-
bol N. The symbols are generally
sufficient to identify the more familiar
elements but with the introduction of
the study of nuclear physics (ie, a
study of atomic nuclei) many unfamil-
iar elements occurred and the symbol
alone was often found frustrating to
use.

Because of this, a notation based on
the atomic number of the element was
introduced. In this notation the chem-
ical symbol for the element is still used
when it is known, and the atomic num-
ber is written as a small pre-subscript
to the symbol. Helium, which has
atomic number “2,” is thus written as
:He and nitrogen, atomic number “7,”
is written as ;N, With this notation it is
possible to identify an element even
though the symbol is unknown. For
example if in a reaction an element is
predicted to occur with an atomic num-
ber of 68, the element may be written
as “sE1” (as no element has the sym-
bol El, which here means “element”)
and later the appropriate symbol and
name may be found in a table, and the
correct notation, «Er (erbium) substi-
tuted.

In 1912 Joseph John Thomson dis-
covered that natural neon was com-
posed of two different types of atoms.
Each atom reacted chemically in the
same manner (i.e., each has the same
atomic number, 10) but the masses of
the atoms were different, These differ-
ent types of neon were called isotopes
of neon and it was eventually found
that all elements have isotopes. The
different isotopes of an element do not
generally matter in chemical reactions,
but in physical studies the mass is im-

tant so a system of differentiating
between isotopes had to be devised.

. The difference in mass of different
isotopes of an element was found to be
due to the number of neutrons in the
nucleus. The simplest example is the
element hydrogen. In “normal” hydro-
gen the nucleus consists of a single pro-
ton, but two other types of hydrogen
exist in nature, The atom of one of
these was found to have a mass twice
the mass of “normal” hydrogen and
was named ‘“heavy” hydrogen, or
“deuterium.” “Heavy water” is simply



ordinary water H:O where the hydro-
en is in the form of deuterium. The
hird isotope of hydrogen discovered
has an atomic mass three times the
atomic mass of normal hydrogen and
has been given the name “tritium.”
These three isotopes of hydrogen
have different masses because there are
neutrons in the nuclei of deuterium and
tritium but none in the nucleus of nor-
mal hydrogen, The normal hydrogen
nucleus contains only a proton (one
particle) and is written as ,"H, where the
pre-superscript indicates the number of
nucleons (a general name covering both
protons and neutrons) in the nucleus.
The deuterium nucleus contains one
proton and one neutron, and is written
as ”H, and similarly the tritium nucleus
contains one proton and two neutrons
and is written as ."H. The number of
neutrons in the nucleus may be deter-
mined by subtracting the lower number
from the upper number. This upper
number is an approximate measure of
the atomic weight of an isotope. For
example an atom of «™U (uranium-
238) has a mass approximately 238
times the mass of a hydrogen atom,

As the typesetting of small numbers
as subscripts and superscripts is time-
consuming and sometimes quite im-
practical an alternate form is often
used to designate the different isotopes.
An example of this is given above
where uranium with 238 nucleons in
the nucleus is written as uranium-238.

Most elements as found in nature
consist of a mixture of isotopes. Natu-
ral neon consists of approximately
9.21% of neon-22, 0.28% of neon-21
and 90.5% of neon-20 which gives an
average mass of 20.2 times the mass of
a hydrogen atom, This number is
the number found listed in chemical
tables as the “atomic weight.” (More
correctly atomic weights are compared
with carbon, the atomic weight of
which was set arbitrarily at 12, thus in
the tables the atomic weight of hydro-
gen is 1,008))

The number of isotopes of an ele-
ment found in nature varies consid-
erably over the range of elements. For
example only one isotope of beryllium,
beryllium-9, occurs naturally whereas
tin occurs as eleven isotopes ranging
from tin-112 to tin-124, Many isotopes
have been manufactured in nuclear
reactors and more than 1200 isotopes
of the 104 elements are known.

The isotopes which occur naturally

&

This impressive device is a 14MeV neutron generator used by the

Activation Analysis Unit of Britian’s Atomic Energy Research
Establishment, Harwell. Part of the unit's work is concerned with
neutron activation analysis methods and applications.

are generally “stable” isotopes, whereas
the man-made isotopes are usually un-
stable—i.e., they are radioactive and
decay by a nuclear fission process,
One well known example of a natu-
rally occurring unstable element is
radium-226, the nucleus of which
spontaneously “splits” into two parts to
form radon and helium as in the
following reaction,
226 222 N
uR" 2 “R.n * 2H° [1]
The helium nucleus is a common re-
sult of the fission process (i.e., the
splitting of the nucleus) which occurs
with radioactive elements. This was
iven the name “alpha particle” before
its true nature was known, and is still
referred to by this name. A second par-
ticle is often found to occur as a result
of nuclear fission. This is referred: to as
a “beta particle” and is now known to
be an electron. Radiocarbon (carbon-
14) emits beta particles to change to
nitrogen-14 by the process

1% 18 0
-+
SC 7N + -15

[2]

where the *“-1” on the electron charge

shows that the charge is negative.
Although electrons may be emitted

from the nuclei of radioactive isotopes

BINDING ENERGY PER NUCLEON

100

150

MASS NUMBER

Figure 1. Graph of binding energy per nucleon as a
function of mass number.

Element-forming nuclear re-
actions
v = neutrino
Q = energy
TN G s A e 1
itk e 2He £ 1Q 2
jHe + jHe -+ SHe + 20H +Q 3
e e s R 4
33He - PAC 0 5
H o+ 23Na +Q 6
e ng A1 11
6 6 ‘\\‘
sHe + 20Ne + Q 7
X
R B e M 8
N iC e 2 v b 9
(spontaneous fission)
13G1 +52He (1 v o 10

Some neutron reactions, showing
how elements are built up by suc-

cessive neutron capture, starting

with *Na,

which no

The reactions in
neutron ig added are

self-initiated fission reactions, i.e.,
the element on the left of the
equation is radioactive.

23 1 26
TANEOY oS NG

24 24 0
HNa % 12"9 ke -18
24 1 25

leg i On o 1z"g

1M+ 0+ (Mg

26 1 27

leg s on * IZMg

27 27

11Mg 5 1!A1 & -‘l’e
et cetera
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it does not appear that there are any
electrons, or electrons identifiable as
such, present in the nucleus, In-
vestigations of such reactions show that
the reason for an electron being
emitted is that one of the neutrons in
the nucleus has changed form, having
become a proton and an electron. The
electron is ejected from the nucleus by
the large amount of energy which is
evolved in this transformation. Thus,
although it does not appear to be
possible to manufacture a neutron by
combining a proton and an electron,
the neutron may break down into these
units,

The reactions (1) and (2) illustrate
two conservation laws which occur
nuclear physics, These ate conservation
of charge and coaservation of nucle.
ons; in each reaction the total charge
and total number of nu¢leons remains
unchanged. In reaction (2) the number
of proton charges is 6 before the fission
occurs and (7—<1 = 6) after the re-
action. As the electron is not a nucleon
it has a nucleon number of zero.

The mass of an electron is extremely
small by everyday standards, and the
masses of frotom and neutrons, al-
though small, are much larger. The
mass of a proton is 1836.1 s that
of an electron, whereas the mass of a
neutron is 1838.6 times that of an elec-
tron. The total mass of a neutron is
thus equal to the mass of a proton plus
the mass of 24 electrons, but only one
protop and one electron are formed by
the fission of a neutron, the remaining
mass being converted into energy
which overcomes the electrostatic at-
traction of the proton and electron and
causes them to fly apart.

There is one other patticle of major
importance which is found to oceur in
radioactive isotopes. This particle has
the same mass as an electron but with
a positive charge and is8 known as a
positron. This particle occurs, for ex-
ample, when silicon-27 changes to alu-
minium-27 in the process

A S le (positron) [3]

The production of positrons is as-
sumed to be by disintegration of a pro-
ton into a neutron and a positron, but
as the mass of neutron &ositron is
greater than the mass of the proton,
energy must be supplied for this reac-
tion to occur, This reaction only occurs
in the nucleus and is observable in
many artificially made isotopes. A
positron does not last very long once
it has left the nucleus as it eventuall
meets with an electron and they annihi-
late each other in a burst of energy
radiation,

One of the most important discover-
ies of nuclear physics is that the mass
of the nucleus of any element except
hydrogen is less than the mass of the
particles of which the nucleus is com-
posed.

As nuclear particles are small, their
masses are expressed in terms ‘of
“atomic mass udits” where one atomic
mass unit is one-twelfth of the mass of
an atom of garbon-12. Thus a proton
has a mass of 1.00727amu and & neut-
ron has a mass of 1.00866amu. It
would therefore be expected that a he-
lium-4 nucleus, containing two protons
and two neutrons would have a mass
of 4.03186amu -~ but it is found by



measurement to have a mass of only
4.0115amu, so that 0.02amu is missing

This “mass defect” is generally
accounted for by assuming that the
missing mass is in the form of energy
binding the nucleus together,
energy is required, as otherwise the
protons would fly apart by electrostatic
repulsion.

The mass defect is also referred to
as “binding energy” and is effectively a
measure of the stability of the nucleus.
If a nucleus has a high binding energy
for each nucleon, it is more stable, i.e.,
less likely to break apart, than if it has
a low amount of binding energy for
each nucleon.

These forces are obtained from gravi-
tational attraction. If two hydrogen
atoms attract each other by their mu-
tual gravitational forces, together they
exert even greater forces on other
hydrogen atoms, Eventually a large
mass of material may be collected
together to form an object the size of
our Sun, which contains approximately
10" nucleons.

The pressures arising from such a

large accumulation of matter can
generate temperatures up to 100
million degrees celsius, and at these
temperatures fusion reactions can
oceur.
In a graph of binding ener
nucleon against mass number
1), it is seen that the maximum occurs
at about mass number 50-60, which
corresponds to chromium and nickel in
the periodic table, indicating that the
most stable elements are these. The
most stable element is chromium-53
closely followed by nickel-60 and zinc-
64, which are all found in the same
part of the periodic table of elements.

Nearly all elements after lead (ele-
ment number 82) are unstable and
break apart by radioactive decay (spon-
taneous fission), but may exist for
millions of years before doing so. The
average lifetimes of many of these ele-
ments have been determined and are
used for geological dating purposes.

Another consequence of the mass de-
fect is the production of energy from
induced nuclear reactions. Two such
reactions, with nuclear masses, are
given in the accompanying panel (table

). The first is a typical reaction which
occurs in fission devices such as a
nuclear pile or atomic bomb, where a
uranium-235 nucleus is “split” by addi-
tion of an extra neutron to form by-
products of krypton, barium and extra-
neutrons. The missing 0.17amu is con-
verted into energy released by the
reaction, G

The second reaction shown is a typi-
cal fusion reaction, as occurs in
“hydrogen bomb” or the sun where
0.02amu is released as energy with
each reaction. Mass-for-mass, the
second reaction produces about 6 times
as much energy as the fission reaction
shown.,

The main disadvantage of the second
type of reaction on earth is that
enormous temperatures are required to
initiate it, and the hydrogen bomb uses
an “atomic bomb” (fission device) as a
detonator to obtain » temperatures.

Because of the high temperature re-
%uirements (nearly ten million degrees

) the fusion reaction has not yet been
commercially achieved for power pro-
duction, but is known to be the energy

per

Radioisotopes have been widely used in medicine for many years.

Probably their best known application is in the treatment of cancer
patients, but isotopes whose radiation is not strong enough to be
harmful to humans in small doses are used in other treatments and
diagnoses. lodine-131 is typically used in thyroid cases for checking
the performance of kidneys. In this picture, taken at the Royal
Edinburgh Infirmary, the patient has been given an intravenous in-
jection of iodine-131 in a form which concentrates in the kidneys.
The two scintillation counters measure the build up of activity, and
two recorders plot graphs to show the concentration of the iodine-
* 131 and its excretion,

source of stars, The fusion reactions
which occur in stars is now thought to
be the process by which the chemical
elements were first created in the
universe,

Spectral analysis of stars and inter-
stellar gas shows that 90 per cent of
the universe is hydrogen, the simplest
element. However, a fusion reaction
cannot occur with hydrogen alone and
other forces are initially required.

The reactions which are most likely
to occur are shown in Table IL In this
table a small uncharged particle, the
neutrino, is seen to occur. ’g‘hm particle
is a common by-product of nuclear
reactions and is extremely penetrating
due to its small size and lack of charge.

The first reaction which is likely to
occur is the fusion of two hydrogen
nuclei to form deuterium, with a liber-
nti:ln of energy, represented as Q in the
table.

One atom of deuterium (hydrogen-2)
may combine with one atom of hydro-
gen-1 to form helium-3, again with
liberation of energy, and either the
third or fourth reaction may produce
helium-4 (normal helivm).

Other reactions can occur building
up short-lived isotopes up to beryllium-
8, which break down spontaneously to
form helium-4, and when sufficient of
this is present carbon-12 can be
formed.

At this stage the nuclear reactions
themselves have raised the tempera-
tures to the order of 600 million
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degrees and two carbon-12 atoms can
react to form sodium or neon.

The carbon-12 can also react with
hydrogen to form carbon-13 via nitro~
gen-13, which is required for the neut-
ron producing reaction shown as num-
ber 10 in the table.

Neutrons are essential to produce the
heavier atoms, and reactions producing
elements up to bismuth (atomic number
83) are formed. Some of these reac-
tions are shown in table III. It should
be noted however that not all stable
isotopes of all these elements are
formed and many years may elapse
between the time that any one nucleus
captures a neutron and the time that it
captures the next neutron. During this
time most of the redioactive isotopes of
the element decay by spontaneous fis-
sion, such “by-passed” isotopes exist in
smaller abundances than the more
easily created ones.

The elements heavier than iron are
generally harder to manufacture than
the lighter ones, as energy has to be
added to form them, and generally the
processes involved are not known al-
though many are theoretically possible.

Elements from bismuth to uranium
have been formed in the laboratory by
the addition of neutrons to the nuclei
of lighter elements, but, as mentioned
earlier, all of these are radioactive. As
all of the naturally occuring isotopes
in this range are also radioactive it
appears that stable elements cannot
generally be formed with more than 84
protons in the nucleus (lead), -]
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Plessey Silicon Microelectronic and Integrated Circuit devices Above: Automatic testing of high speed logic
offer major advantages to the equipment designer in terms circuits in part of Plessey’s sophisticated SIC

: ol ; ; : : production facility. Actual size of the circuits is
of increased reliability and reduction in equipment size. 0.075 x 0.060 inch; in this photograph they are

They are available in various forms of encapsulation from magnified approximately ten times.
small TO18 to 40 lead flatpack.

Available in the range are digital and linear devices, general
purpose logic and an engineered range for S.S.B. communi-
cation equipment.

Of extreme interest is the wide range of MOS (metal oxide
silicon) and MOSAIC (metal-oxide-silicon array integrated
circuit) which possess a high degree of noise immunity, low
input capacitance, high input impedance and have inbuilt
input protection. Also available are Quad 10 bit, 16 bit, 56 bit
and 100 bit static shift registers, analogue switches, multi-
plexers and 1ogic circuits.

For consumer products there is the 2 watt and 3 watt I.C.
Audio Amplifier also the F.M. discriminator and color demodu-
lator for P.A.L. and NTSC T.V. Systems.

New devices are continually being developed.

Melbourne 42 3921
plESSEv Brisbane 2 3287
com”nents Adelaide 76 3434

Perth 21 4821
Plessey Ducon Pty Limited
Box 2 PO Villawood NSW 2163 Telephone 72 0133

AD16
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Photochromic glass display tube has long memory

A cathode ray tube for computer graphics displays which
can retain an image for long periods without a complex
faceplate grid has been developed in the U.S.A. by Corning
Glass Works. The new CRT uses a faceplate of photochromic
glass, and a phosphor which emits ultra-violet light.

About six years ago, researchers at
Corning Glass Works developed a form
of photochromic glass that could
change colour radically and rapidly
when properly irradiated, and was free
of fatigue effects when cycled repeated-
ly through its colour changes. Even
then, it was the work of but a moment
to think of dozens of possible appli-
cations, Today, one may buy photo-
chromic spectacles that are like normal
glasses indoors but become sunglasses
when worn outdoors; some new office
buildings have photochromic windows.

Now, one of the more complex
potential applications of photochromic
glass — as a medium for short-term
storage — has been realised. Corning
has built a computer graphics display
system that uses a cathode-ray tube
with a photochromic faceplate. This
CRT can display data traced out just
once by a computer, and hold it for 15
minutes without fading, while it is
being displayed, without the complex
and expensive faceplate grid in most
storage tubes.

The time limitation for holding the
image results from the internal scan-
ning which is required to display the
image, as explained later, When the
system is switched off, and the scan-
ning discontinued, the image can be
retained for up to several days, pro-
vided it has not been already seriously
weakened by scanning.

The CRT in Corning’s new unit is a
5in tube with a phosphor which radi-
ates ultraviolet light. Placed over it is
a 2in x 3in faceplate made of photo-
chromic optical fibres. This is backed
by a dichroic film that transmits ultra-
violet, but reflects the green light used
for internal scanning and the red light
used for rapid image erasure, The fibre
construction of the faceplate reduces
dispersion of the ultraviolet light by
funneling it directly forward, so that
only one fibre is affected at any instant
by the radiation from a spot on the
phosphor. The optical fibres becomes
darkened, and therefore opaque to

visible light, where irradiated by ultra-
violet light.

To prevent ambient light from dark-
ening the fibres randomly or bleaching
the image too rapidly, the CRT is en-
closed in the machine. Its image is
made visible by a probing beam is

PROBING LAMP

ES R ==F

PROBING FILTER

PROJECTION LENS

HEAT CONTROL FILTER

RETRACTABLE MIRROR

REAR PROJECTION SCREEN

The CRT used in the photochromic

BEAM SPLITTER
OVERLAY SLIDE \
'/ RELAY LENS

material to the projected display, thus
relieving the computer of the task of
generating it.

A retractable mirror that can move
into the path of the probing beam
between the splitter and the projection
screen reflects the light into an elec-
trostatic printing unit for a hard copy
of the display image.

Eventually, the image on the CRT
decays by itself. The reason is that the
probing beam’s effect on the photo-
chromic glass, although minor, isn’t
zero; also, photochromic glass is subject
to thermal bleaching except when it is

ERASING HEAD

—_

UV-PHOSPHOR
‘DICHROIC COATING
PHOTOCHROMIC TARGET

\ELECTROSTATIC PRINTER
tube is basically conventional

but has a phosphor which radiates ultra-violet light and a photo-
chromic faceplate. The probing optics project the faceplate image to
the viewing screen.

green light, whose wavelength is too
long to darken the photochromic glass
and too short to bleach it appreciably.
This probing beam passes through a
beam splitter and through the photo-
chromic face plate to the dichroic film,
which reflects it back to the splitter.
On its second encounter the splitter re-
flects the beam, now carrying the
image from the faceplate, to a 9in x
12in rear-projection screen on which
the image 1s focused.

A lantern slide carrying reference
axes, a map, or other background ma-
terial can be inserted in the focusing
optics of the probing beam to add this
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cooled to cryogenic temperatures. To
destroy the image without waiting for
its natural decay, a red light source is
moved in front of the faceplate, block-
ing the probing beam, and bleaching
the image in a matter of seconds.

Up to 64 lines of 72 characters each
can be displayed on the unit; it also
can carry plots, diagrams, and the like.
However, as with conventional storage
tubes, the whole screen must be erased
when any part of it is erased. There-
fore, it cannot show a dynamic, or

moving, image, as can some con-
ventional  displays. (“Electronics,”
13/4/70.)



World’s most efficient pot core

vin

assembly . . . Mullard

Or

gives you 50% saving in assembly and test times

Four standard ranges of Mullard Vinkor
Pot cores for high quality inductor
applications are available from which
you will be able to select the most suitable
Vinkor for your application.

® For inductors in use up
to 800kHz

® For inductors in use up
to 300kHz where very high Q
values are required

® For inductors in use
between 300kHz and 2 MHz

® For inductors in use
between 1.5MHz and 15MHz

Contact your local Mullard office for full
information on Vinkor electrical and
mechanical parameters, accessories and
housings.

® Precise inductance without core grinding
@® Inductance adjustment range of +=7%

@ Setting accuracy of 0.02%

@ Long term stability of 0.1%

@ Easy assembly

® Single hole or printed circuit mounting

RANGES...

«+.10 to 45mm, 1kHz to 15MHz
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Mullard-Australia Pty. Ltd.

35-43 Clarence St., Sydney, N.S.W. 2000, Phone: 29 2006 @ 123-129 ‘Victoria Pde., Collingwood,
VIC. 3066. Phone: 416644 @ Cnr. Light St. and St. Paul’s T'ce., Bowen Hills, QLD. 40086,
Phone: 51 5151 @ 176 Wright St., Adelaide, 5000. Phone: 51 3123 @ 579 Murra¥ St., Perth, W.A,
6000. Phone: 21 2561 ® Medhurst Wholesale Ltd., Hobart, Launceston, Burnie, TAS.

Associated with MULLARD LTD., LONDON Maga
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DRIVERLESS ELECTRIC TRAINS

FOR AIRPORT PASSENGERS

Driverless, trackless battery powered electric trains operat-

ing at Houston Intercontinental Airport, Texas, have solved

many problems in providing reliable, economic and effect-
ive in-terminal transport for airline passengers.

Four such trains are in use at
présent.

These can handle more than 200
P)a:sengers in a peak 10-minute period.

sign of the system is such that
capacity can be increased to 600
passengers in the same time without
major changes or additions to equip-
ment. The trains provide free rapid
underground transport between the two
airport terminals and parking lot es-
calators, Maximum walking time for
any passenger is not more than 3 min-
utes, Distance between terminal build-
ings is 1,400ft and trains make about
40 round trips in 8 hours at between 4
and 8 m.p.h.

Each train is powered by two 36V
lead traction batteries which can be
changed by one man in only 90
seconds, allowing continuous train
operation without stops for battery
charging. Advanced electronic controls
are employed and all train functions
are entirely automatic. Guidance is by
embedded signal wires which also pro-
vide coded signals for preprogrammed
stops along the route, Stops are made
to within two inch positional accuracy.

Passenger safety and comfort were
the principal factors in design of the
trains. An optical scanner will cause
an unscheduled stop should it “see”
an object in the path of the train. Safe-
ty edges on the elevator-type car doors
prevent injury. Contact with passengers
automatically reopens the doors and
movement of the train is prevented
until doors are completely closed. Each
stop is announced automaticallfr by an
inbuilt speaker system. An electronic
monitor sends malfunction alerts to a
central control station attendant who
mans a rail-road type panel map and
¢ontrols, All these functions, as well as
traction, are powered by the lead
traction battery installation carried on
the train.

A lead battery power system was
chosen in preference to an AC mains
supply for several reasons:

Initial cost. The cost for pantograph or
third rail systems would have been
about $3 million. The cost for the
lead battery powered system was
only $500,000. .

Comfort. In the air-conditioned tunnel,
frictional problems, lubricant odours,
and arcing at splices would cause
discomfort to passengers as well as
an additional load on the air hand-
ling equipment.

Economy. Power losses in pantograph
or third rail systeins, operating at
low voltages, are substantial and
wmtusd contribute to higher operating
costs,

Safety and reliability. Overhead con-
ductors or a third rail system would
be a potential safety hazard and

would impose design limitations on
the system. On-board power is inde-
pendent of central station power if

interruption should occur, and
passengers can be returned to point
of origin safely. Guidance signals are
safeguarded against mains failure,
Similar battery electric trains should
find wide use in future. As aircraft and
airports grow larger, passenger clear-
ance within terminals is fast becoming
a vital factor in airport administration.
Many other possible applications exis
such as amusement parks, industri
complexes, shopping centres, univer-
sities and metropolitan shuttles, (“Lead
Battery Power,” April, 1970.) B

Computerised Medicine for UK. Doctors

Britain’s first real time computerised
patient record system will go into
operation within the next two months,
providing a direct on-line link from the
doctor’s surgery to a central computer.

The Department of Computer Science
at Essex University, under the guidance
of Dr Keith Bowden, has co-operated
with Guy’s Hospital, London, to
develop this pilot scheme, which will
serve two large group practices.

At each practice there will be a Mar-
coni-Elliott Videodata 4,000 visual dis-
play unit forming the communication
link between the doctor and the com-
puter.

At the moment there are several
other similar schemes being developed
along very similar lines. During Febru-
ary this year, LB.M. carried out a
feasibility study with Exeter University
by placing an 1.B.M. 2260 display ter-
minal in a doctor’s surgery at Exeter.
This was connected to an IB.M.
360/40 computer.

Both systems make use of specially
developed software to speed up a doc-
tor’s access to his patient’s records. In-
stead of leafing through wads of paper-
work, the doctor can quickly call up

any part of the patient’s record on the
visual display unit.

Another important feature of this
xstem is the diagnostic facility, With

e ever increasing documentation of
illnesses and tests, it is often difficult
for the doctor to remember all the nec-
essary tests, Now, if he suspects a cer-
tain disease, he can ask the computer
to display a diagnostic check list.

In about 12 months this facility will
be expanded to include differential
diagnosis, where the doctor can feed in
all the symptoms and the computer will
immediately send back a list of
possible illnesses and suggested treat-
ments. The doctor can then select the
correct diagnosis and treatment — or if
they do not satisfy him, he can send
his patient on to a specialist.

On the thorny question of the
privacy of the system, Dr Bowden
commented that the patients’ records
are frequently left lying around in
doctors’ surgeries and cars. The com-
puter system would use identification
codes, and even the simplest system
would be more confidential than the
currently used paper system, (“Elec-
tronics Weekly,” 13/5/70). -]
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~=27This symbol of technical
achievement in Australian
electronic instrumentation has
captured an export market

In 25 countries.

BWD, one of Australia’s leading meesssmss s
manufacturers of electronic instru- ' S ’
ments, is a success story. A suc-
cess story of technical achievement
and reliability which has gained
BWD a major share in the Austra-
lian market against overseas and
local competition, and now a
rapidly growing export demand to
25 countries.

Advanced technical design,
versatility and reliability at an
economical price make BWD
instruments the best solution
to your particular problems. | ;
Don't just take our .word for |# AR ‘ ‘ G AT T L i e

it, call or write today and see OI ®© @ Q
just how competitive we .@ e
- e

can be.

~~~~~~~~~~

':

NEW RELEASE TO THE BWD R

The ‘New Look bwd 509A OSCILLOSCOPE

DC to 5MHz 50mV to 100V/cm
200nSec to 1Sec/cm Time Base
1Hz to 10MHz Auto Triggering
.DC to 250kHz 0.8V to Horz Ampl.
High Intensity finely focused

5” flat faced CRT.

BWD ELECTRONICS P/L. 8
329-333 Burke Rd., Gardiner, 3146. Phone 25 4425\
127 Blues Point Rd., Nth. Sydney. Phone 292 7452
Also phone S.A. 23 1922. W.A. 515121, QLD. 6 3581 and 63 581 in Wellington, N.Z.
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HI-FI CASSETTES — WILL
THEY SUPERSEDE DISCS?

So far recordings on tape cassettes have been regarded as a
convenient form of recorded music for those not particularly
concernéd with high quality reproduction. Recent develop-
ments in the U.S.A. seem likely to make the cassette
attractive to the more discriminating listener.

Reporting on the developments in
the May, 1970, issue of “Audio,” well-
known audio writer Edward Tatnall
Canby had this to say: Advent, a very
busy young (recording) company these
days, has brought together two major
recent developments long since hailed
in “Audio” — the Dolby noise reduc-
tion system, and that fabulous black
Dupont Crolyn chromium dioxide tape
which is still officially non-existent in
audio but is appearing all over the
place unofficially, short of the con-
sumer market,

Present cassette dogma is positive:
the system, for all its convenience and
compactness, is, with its 1-7/8ips speed
and tiny narrow tape, strictly not for
hi-fi. Tonal range is punk to so0-s0.
Dynamic range is limited. Distortion
and mechanical wow and flutter are
mostly too high for serious hi-fi listen-
ing- (Try a piano.) Worst of all, juggl-
ing of recording parameters results in
entirely too much hiss, which is omni-
present and apparently as unavoidable
as record scratch in 78rpm disc days.
The cassette, then, is mainly for ultra-
convenient speech recording and for
not-so-hi-fi. The audiophile isn't touch-
ing it,
~ Curiously, manufacturers in these

circumstances cannot afford to build
solid quality into existing cassette
players, as they do, for instance, into
the better automatic disc players.
Serious listeners simply will not pay for
it. And thus flimsy equipment leads to
gleoel;ie flimsy sound. A vicious circle in-

It is this sort of dogma which the
Advent people undertook to refute by
example. How astonishing to hear them
state, matter-of-factly, that the cassette
can remove the quality limitations in-
herent in the state-of-the-art disc
recording! The limitations, they say,
aren’t in the cassette at all. On the con-
trary, the cassette at last opens up new
horizons for technical improvement.

We heard the evidence via a series
of A-B tests in which familiar record-
ings were deftly compared, in con-
ventional disc format, via standard
commercial cassettes and in the special-

made state-of-the-art cassettes, pro-

luced (like disc recordings) from tapes
copied from recording-company
masters. Time after time, the new cas-
sette sound easily equalled, or even sur-
passed, the best disc sound in vital
respects. Frequency range and low dis-
tortion. Dynamic range. Wow and flut-
ter. And, most important, low back-
ground "noise. Velvet silence! Who has

ever heard that from a cassette! These
had it.

No one factor was responsible and
this was Advent’s intent. This was a
careful adding-up of many virtues, out
of painstaking efforts to improve all as-
pects of cassette performance within
the standard parameters. But Crolyn
and Dolby were clearly the big news.
At the very slow speed Crolyn gives
perhaps a 6dB advantage in noise over
top-quality iron-oxide tape and in
easily wider tonal range — hence a
cleaner, more satisfactory signal.

The Dolby circuit drops the noise
level in a different fashion, by 10 or 15
dB without the slightest observable
effect on the musical signal. A carefully
chosen commercial cassette player, a
production model, took care of the
wow and flutter.

To answer an inevitable question —
how about mass production? — Advent
sent out a Dolby-treated tape for com-
mercial processing on to non-Crolyn
BASF tare, via high-speed duplication
equipment exactly as in a standard pro-
duction cassette. Even so, played back
through the Dolby circuit the sound
was markedly better than that of the
very same recording played normally
from a commercial cassette release.
And the noise improvement was fantas-
ic. Cassette advancement must be
many-faceted but even one major
element can tip our scales heavily to-
wards a change of thinking, -]

SONY PICKUP USES PRESSURE WAVES

A high-quality gramophone
pick-up cartridge based on
entirely new principles has
been developed by the Sony
Corporation, Japan. The cart-
ridge was described by John
Borwick in the May, 1970 is-
sue of “The Gramophone.”

Sometimes a new audio product
comes along that stirs the imagination
by its audacious use of principles that
are miles away from conventional and
seemingly entrenched designs.

A good example is the new pickup
cartridge invented by Hirotake Kawa-
kami of the Sony Corporation of
Japan. This has the audacity (there is
no other word for it) to convert the
vibrations of the stylus into acoustic
signals, pick them up on twin micro-
phones, amplify them and produce ster-
eo signals at the cartridge output pins.

The inventor claims all the sought-
after properties for a top-quality car-
tridge including very high compliance,
smooth frequency response, low inter-
modulation distortion and high tracka-
bility.

The general arrangement as sketch-
ed in figure 1 and figure 2 shows the
way in which the fairly conventional
stylus shaft transmits stereo signals via
V-arms to a yoke bar, as is done with
some crystal and ceramic pickups. The
ends of the yoke are attached to the
apex of a pair of funnel-shaped “bel-
lows” which the inventor has called
canaliculi (little canals). .

Acoustic waves travel down these
cones, which are said to act as acoustic
transformers. Pascal’s Law states that
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Figure 1. Cut-
away sketch of
the cartridge.
RIGHT: Fig-
ure 2. The sty-
lus cantilever
arrangement.

ACOUSTIC TRANSFORMERS
(CANALICULI)

pressure applied anywhere to an en-.
closed body of fluid or air produces an

ual pressure per unit area over the
whole surface. Thus, the cones provide
a mechanical impedance transforma-
tion proportional to the ratio of the end
area. In the Sony pickup, an impedance
conversion of about 25:1 is achieved,
which is said to reduce the effective
compliance to about 20 x 10~° cm/dyne,

Terminating the wide ends of the
cones are the diaphragms of tiny elec-
tret capacitor transducers (micro-
phones), These generate electrical sig-
nals which pass through field effect
transistor pre-amplifiers, -]
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PA246 . . . the industry’s first
§ watt monolithic power
amplifier.

PA246 is a monolithic power
amplifier designed to deliver 5
watts of continuous power to a
18-0hm load. This integrated
clreuit will operate from a wide
range of supply voltages, up to
37 volts, and can drive a wide
range of loads with up to 1.25
amp peaks. This new package
contains two heat sink-tabs and
eight leads in a staggered
arrangement,

Primarily designed for use in
audlo equipment, the PA246
can also be used as a voltage
supply regulator, servo motor
dtive, relay and lamp driver,
operational amplifier booster
and in many more applications.
For 2 watt applications, take
advantage of the versatile
PA237.

PA237 is a complete audio
amplifier capable of delivering
up to 2 watts of continuous
low distortion output power to

a speaker load. This monolithic
IC Is ideal for tape recording
equipment, radio and television
sound systems, and sound
cinema projectors.

There are provisions for
application of external
feedback, and adjustment for
gain and distortion. The PA237
will operate over a supply
range of 9-27V, with a
frequency response well
beyond normal audio
frequencies.

For 1 watt applications, use the
PA234 IC which operates with a
minimum of external
components.

PA234 audio amplifier delivers
one watt of continuous power
to a speaker load from a
22-volt supply. Low cost and
simplification of design
afforded by the reduced number
of external components make
the PA234 a most economical
one-watt audio amplifier. In
addition, a 1.5 to 2.0 watts
power capability version of this
type is also available.
Applications range from
phonographs and radio
receivers to televjsion sound
systems.

‘‘Power Tab’ transistors for
easy mounting, top versatility,
and high density packaging.
D27C (NPN) and D27D (PNP)
planar complementary power
transistors feature the ‘‘Power
Tab" plastic package, designed
for output stages of stereo
amplifiers, automobile stereo,
standard audio stages and
other consumer applications.
Both feature =40V Vceo, =3
amp lc and have lead
compatibility with the TO-66
package.

D28C, a power Darlington
Amplifier with very high
current gain (10K) is designed
for medium power applications
in oscillators, amplifier
buffers, audio output stages,
and as a driver for very

high power amplifiers.

For more information write
Australian General Electric
Pty. Ltd.

Dept. 40-21/QQ.

103 York Street,

Sydney, N.S.W. 2000
Telephone 298711;

or 5§52 Lonsdale Street,
Melbourne, Victoria 3000
Telephone 67 8221

or 453 Ann Street

Brishbane, Queensiand 4000
Telephone 21 5207

! PA246

General Electric
solves
customer problems

)

D27C/D27D

iihnew
Integrated circuit
developments.

GENERAL @B ELEC

TRIC

Reg, Trademark
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SCIENTIFIC AND
INDUSTRIAL NEWS

Programming in schools

A simplified programming system, developed at Monash
University, is being used in computer training in about 250
Victorian schools, It is estimated that about 20,000
students will receive at least some computer instruction. The
system, called Minitran, allows high school students to write
elementary computer programs at the end of their first les-
son. During an introductory programming course, the aver-
age student will submit about 50 computer runs. The cost
of running student exercises using Minitran is only about
10c per run, compared with about $2 a run using con-
ventional programs.

With the Minitran system, students are instructed in
their own classrooms by their own teachers. They prepare
their programs during class or at home, using specially
designed cards. Into these cards they can punch informa-
tion, using something as simple as a bent paper clip.

Laser lighthouse

A helium-neon gas laser is being installed in the Captain
Cook Memorial Tower at Point Danger (on the Queensland-
N.S.W. border) to replace the Fingal Light, which is over
100 years old. It is said to be the first such installation on
the Australian coast, and is expected to give much better
penetration of rain and haze than a conventional light. The
tower is being built with the approval of the Department of
Shipping and Transport using a laser supplied by Laser
Electronics Pty. Ltd.

Radioactive shipment

A radioactive cobalt source, said to be the most power-
ful produced in Australia for medical purposes, was shipped
from Sydney to Perth recently to power a new anti-cancer
unit at the Royal Perth Hospital. The cobalt-60 source was
produced by the Australian Atomic Energy Commission at
Lucas Heights, near Sydney, and was bought by Watson
Victor Ltd., who installed the radiation equipment at Perth.

The 1lb radioactive isotope travelled the 2,500 miles in a
special steel, lead and tunﬁsten container weighing 2% tons
and worth $7,000. When the cobalt was inside the contain-
er, radiation measured g yard away was less than that given
off by a luminous watch.

No hazard from TV receivers

No hazard arises from X-ray emission from black-and-
white television sets in use in Australia or from the colour
television sets already available for experimental purposes.
This was shown in a series of tests conducted recently by
the X-ray and radium laboratory of the Commonwealth De-
partment of Health and the Australian Broadcasting Control
Board in association. None of the wide range of makes and
ages of monochrome receivers tested had a level of X-ray
emission greater than 1/25 of the internationally agreed
level for such receivers, and none of the colour receivers had
an X-ray emission greater than 1/10 of that level.

The instruments used in the tests were of sufficient sensi-
tivity to measure the radiation from a radioactive luminous
watch, The level of X-radiation from black-and-white TV
receivers was well below the radiation from the watch.
(Joint Press statement by the Commonwealth Minister for
Health, Dr A. J. Forbes, and the Postmaster-General, Mr
Alan S. Hulme.)

ITU administrative meeting

The Administrative Council of the International Tele-
communication Union (ITU) met for its 25th session in
Geneva from May 24 to June 11, 1970. In addition to deal-
ing with administrative questions relating to the staff and
finances of the Union (the budget approved for 1971 was
35.5 million Swiss francs), the Council reached the follow-
ing decisions:

t the World Administrative Radio Conference for
Space Telecommunications, due to open in Geneva on June
7, 1971, will last for six weeks.

That the next ITU Plenipotentiary Conference will be

Laser communication system u

The laser beam communication experiment set up in the Lock-
heed laboratores, with the laser (foreground) and three of the
TV receivers displaying pictures received over the laser link.

A method of transmitting 1GHz band-
width signals over a laser beam has been
developed at the Lockheed Missiles and
S Co. research laboratories, Palo Alto,

if., US.A. Over 70 television channels
could be transmitted by means of a single
laser beam using the Lockheed microwave
subcarrier method, The company said that
the method holds particular promise for
relaying messages between satellites,

The input information is frequency
modulated on to a microwave subcarrier,
which théen modulates the intensity of the
laser beam using a wideband “optical modu-
lator” designed by Lockheed scientists. At
the receiver, the laser beam is focused on a
photodetector to recover the microwave sig-
oal, which is then demodulated to reproduce
the original intput signals.

Lockheed demonstrated the system by
transmitting simultaneously over a green
lasser beam six local TV channels, a com-
pu}er display link and an FM music chan-
nel.
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PIONEER manufacture each component-link in the
stereo chain. PIONEER's vast technological
resources maintain stringent quality control
to ensure a lifetime of '’satisfaction-
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‘‘pure-sound breakthrough’’ can
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held in Geneva, starting on September 14, 1973;

That the next World Administrative Radio Conference
for Maritime Services will be held at the beginning of 1974
to establish, on the basis of SSB operation, a new frequency
allotment plan for HF radiotelephone coast stations and
amend the associated provisions of the Radio Regulations;

That, in future, May 17 will be celebrated as World Tele-
communication Day, and that in 1971 the celebrations
should be organised around the theme “Telecommunications
and Space,” but member countries should be free to choose
another topic if they desire.

The Council also decided that a new computer should be
leased and be in operation by January 1, 1973. Inter-
national public ‘tenders will be invited for the supply of the
new computer.

A world telecommunication exhibition, “Telecom 71 will
be organised in Geneva from June 17 to 27, 1971. It will be
held in the Palais des Expositions where the World Admini-
strative Radio Conference for Space Telecommunications
will be in session at that time. The ITU has entrusted the
practical organisation of the exhibition to “Orgexpo,” 16
Quai de I'Ecole de Medecine, Geneva, Switzerland.

Temperature scale

Australia has adopted the International Practical Tem-
perature Scale of 1968, IPTS-68. In IPTS-68, the scale has
been extended down to within a few degrees of absolute
zero, and is defined by a total of 11 points. The changes
from the previous IPTS-48 are generally small, and are sig-
nificant only in measurements of high precision. In the vi-
cinity of room temperature, the values are decreased by
about .008°. From 100°C to about 900°C, the values
are a fraction of a degree higher. At 1,000°C, the increase
is 1.24° rising to 9.3° at 3,000°C. (C.S.LR.O. Division of
Physics, University Grounds, City Road, Chippendale,
N.S.W. 2008.)

Foam metal in gas burner

The Dunlop Co. Ltd., in the U.K., has developed a
process to produce a foam metal, called “Retimet” (for retic-
ulated metal), The metal is deposited on a sheet of foam
rubber in a process similar to electro-plating; the rubber is
then burnt off in a furnace to leave the mesh-like material.
One application of the material is to use its controlled po-
rolsity in the development of a new type of burner for natu-
ral gas.

Based on an invention by British Petroleum Ltd., the
burner consists of two perforated plates, the top one of
Retimet and the other of corrosion-resistant steel. Gas is
fed into the network of passages formed by the mating of
the plates, and diffuses through the porous foam metal top
at low velocity. It mixes with air passing through the burner
to give an even and stable flame over the whole area of the
burner. The burner has proved capable of operating with
natural gas, propane, butane, and town gas without modi-
fication, only adjustment of pressure being required. With
sufficient draught, it will operate in any position, even up-
side down !

A technician in the Dunlop laboratories tests the
new burner using natural gas, propane, butane,
and town gas.

Cylindrical cells

A battery of cylindrical lead-acid cells is checked
during a series of tests conducted by Western
Electric. Designed by Bell Telephones in the
U.S.A., the cells use circular grids stacked one on
top of the other instead of the conventional ar-
rangement of rectangular grids. The circular grids
are designed to grow evenly during service and
are expected to considerably prolong the life of
the cells. (See “Electronics Australia,” July, 1970.)

Electromagnetic log

A new electromagnetic ship’s log has been specified by the
Royal Navy for surface and underwater vessels. The equip-
ment comprises three major items — a rodmeter, the hull
fitting, and a speed and distance unit. The elliptical, alumi-
nium-bronze rodmeter projects three feet downwards
through the hull. At its outer end it carries a speed sensing
element in the form of a coil embedded in a glass fibre
shell. The coil, fed with a 60Hz current, produces a flux
which is cut by the water when there is relative motion
between the ship and the water. A voltage proportional to
the relative velocity is developed across two bronze elec-
trodes mounted one on each side of the glass fibre shell,
and fed to the speed and distance unit. This provides both
local and remote indications. (Aeronautical and General In-
struments Ltd., Croydon, Surrey, England.)

Atomic absorption course

Following successful courses in Sydney and Melbourne
recently, Analchem Consultants, in conjunction with Perkin-
Elmer Pty. Ltd.,, will hold a three-day training course in
atomic absorption spectroscopy at the Metropolitan Hotel,
Brisbane, commencing on August 24, 1970. The course will
cover both theory and practical work. Further information
may be obtained from Analchem Consultants, P.O. Box 9,
Collaroy, N.S.W. 2098, or from Perkin-Elmer Pty. Ltd.,
P.O. Box 47, Bulimba, Qld. 4171,

Weather satellite

The first of the second-generation weather satellites
designed for operational use by the Environmental Science
Servxceg Administration (ESSA) has been checked out by
the National Aeronautics and Space Administration (NASA)
and turned over for operational duty. Improved TIROS
Operationa] Satellite-1 (ITOS-1) was launched by NASA on
January 23, 1970, and given an exhaustive five-month engi-
neering checkout. Operational coverage from weather satel-
lites will be more than doubled with the use of ITOS-1 due
to its ability to take day and night cloud cover pictures.
The 682lb spacecraft is in a near-polar orbit ranging
between 890 and 918 miles altitude and is inclined 78
degrees (retrograde) to the equator. It orbits the earth every
115 minutes.
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Computer controls dams

A computer system for simuita-
neously controlling the operation of
two Japanese dams has been completed
by Hitachi Ltd, The on-line system,
which incorporates a HIDIC-100 con-
trol computer, will be installed at the
Matsubara Dam on the Chikugo River
in Kyushu, Linked with the operational
controls at the Shimouke Dam located

The Hitachi dam

« control system fea-

“ tures a control

computer, graphie

display panels and
a data printer.

6KM upstream, the system will auto-
matically control the level, flow and
discharge of water at the two dams.
The computer will alsp record opera-
tional data and compile daily reports
on the dams. The system, the first of
its kind in Japan, is expected to bring a
considerable reduction in manpower
and help prevent floods and other
water hazards.

Computers for universities

A 1904A computer ordered by the
University of Newcastle, N.S.W., from
International Computers Ltd. (I.C.L))
of the UK., is expected to be fully
operational by January, 1971, The
machine will classify, catalogue and
control the movement of the 15,000
books in the university's library. It will
also help in student training, research
and: administrative duties. Commu-
nication with the computer will even-
tually be possible from 16 terminals
located in various department through-
out the campus.

The University of New England, Ar-
midale, N.S.W., will also use an L.C.L.

computer to process its business and
statistical records, library files, and for
research and teaching, Mobile tele-
typewriters located in various depart-
ments will allow users to communicate
directly with the central processor and
its store of information,

Magnetic tape cleaner

An automatic magnetic tape cleaner,
developed in the U.K,, removes oxide
or wear particles from computer tapes.
If left, these particles prevent the oxide
surface of the tape from making in-
timate contact with the read/write
head and are said to be responsible for
90 per cent of tape errors. Cleaning is

Microscopy system

Among the winners of the 1970 Coux‘xcil of Industrial

effected by the shear action of tungsten
carbide blades, followed by wiping with
silicone-impregnated tissue, Different
blades, positioned at the appropriate
rake angle, are used for forward and
reverse tape passes to deal with loose,
adhered and embedded particles. The
wiping tissues are advanced automati-
cally to present a clean surface on each
pass of the tape. (Precision Data Co.
Ltd., Angel Road Works, London N.18,
England).

Dry foam extinguisher

The U.K. Atomic Energy Authority
has developed a powder fire ex-
tinguisher which gives a solid-based
foam cover in the presence of a fire.
The major constituent is perlite, a
natural complex aluminium silicate of
volcanic origin, It contains about five
per cent combined water which vapour-
ises when heated. On heating to about
900 degrees C, the perlite softens and
is expanded by its own steam to give a
foamy product of 4 to 20 times in-
creased volume. When applied to a fire,
ground perlite coalesces as a stable vis-
cous foam with considerable thermal
;esistance which excludes air from the

re.

The U.K.A.E.A. has licensed J. Kerr
& Co, (Manchester) Ltd., Ashcroft
Road, Kirkby Industrial Estate, Liver-
pool L33 7TS, Lancs, England, to
market perlite-based fire extinguishing
powders.

Underground radio

Westinghouse research engineers in
the US.A. are trying to develop a
radio system to locate miners and to
communicate with them in emergencies
in mines, Wire communications are
easily disrupted by mining accidents,
and radio ‘has been little tried because
the earth absorbs too much energy at
the frequencies used in conventional
radio systems, Scientists at the West-
inghouse georesearch laboratory in
Colorado have found that if the radio
waves are sufficiently low in frequency,

Design Awards in the U.K. was the McArthur microscope,
which introduces a new system of microscopy. Measuring
only 4in x 2#in, it is capable of magnifications from 30x to
1500x, and covers the same specimen area with the same
detail as a conventional microscope. The radical difference
is the light path: light enters the instrument from the top,
passes through a conventional condenser to the specimen,
and then through the objective lens beneath. It is then re-
flected through 90° along a light tube at the base of the
instrument, before being reflected again through 90° to
pass upwards through the eyepiece to the eye.

Advantages claimed for the instrument include: the
specimen is always in focus whatever the thickness of the
slide; the image in the eyepiece is erect rather than inverted;
a satisfactory examination can be made at the highest mag-
nification even under extreme vibration; the objective lens is
simply pushed in or out to change it; each microscope can
ecasily be adapted to a multitude of specialist uses. (The
McArthur Microscope, Landbeach, Cambridge, England.)

Dr John McArthur, the designer, demonstrates
the new microscope.
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they can be made to pass through the
ground without losing effectiveness.
The researchers are now working on
the development of antenna design,
power and frequency limitations, meth-
ods of circumventing radio noise gener-
ated by mining equipment, and identi-
fying and fulfilling safety requirements.

Telephone announcements

The P.M.G.s Department has. or-
dered magnetic drum announcement
equipment from Plessey Electronics to
the value of over $300,000 for its pub-
lic telephone recorded announcement
service. The order is for 65 12-channel
attomatic announcing units for short
announcements and for 16 variable
message recorders for longer messages.
Brief subscriber courtesy information
services, such as details of non-working
and disconnected lines and other fault
conditions, can be provided by the 12-
channel equipment. The other equip-
ment will be used for general informa-
tion of up to three minutes duration,
including sporting results, weather, and
stock exchange reports.

TV traffic surveillance

Television cameras will be used to
supervise Melbourne’s Westgate Bridge
when it is opened to traffic. A closed-
circuit surveillance system that will
provide high-quality pictures at night
will be installed by Philips Electrical
Pty. Ltd. who won the contract to pro-
vide all the communications facilities
for the bridge. The bridge, to be longer
than Sydney’s Harbour Bridge, will re-
quire extensive communications, cost-

Crystals for Qantas

‘ & i J»’ 4
A quartz crystal is tested on a
special machine at Mobile
Communications to determine
its frequency/temperature char-
acteristic from minus 55 to plus
70 degrees. Mobile Communi-
cations, of Melbourne, has
completed a $22,000 contract
for the supply of quartz cry-
stals to Qantas Airways Ltd. to
meet the needs of a new three-
phase world-wide plan for the
reallocation of aeronautical

communication channels.

ing about $250,000 and including two-
way radio connections with patrol cars.

Rare earths in electronics

The rare earths are becoming an im-
portant mineral resource for the elec-
tronics industry, according to Thomas
A. Wilson, manager of the chemicals
division of Molybdenum Corporation
of America. Reporting the results of an
informal survey, he pointed out that
these little-understood elements (par-
ticularly yttrium, lanthanum, cerium,
praseodymium, neodymium, samerium,
gadolinium, and ytterbium) are show-
ing up in more and more components,
including capacitors, thermistors, and
in synthetic garnets and other ferrites.

The rare earths are no longer consid-
ered rare (some are as plentiful as mer-
cury and lead, and there is more of the
rarest, thulium, than silver or gold) and
do not always occur as earths (oxides).
The 15 elements occupy a single place
in the periodic table between barium
(at. no, 56) and hafnium (at. no. 72). It
is only recently that they have been
available as alloys and compounds of
the individual elements. Spurred on by
such applications as the use of euro-
pium in colour TV tube phosphors,
purified and separated rare earth chem-
icals have become less expensive and
more readily available commercially
over the last decade,

Taking ceramic capacitors as a field
of active development and future
promise, Wilson pointed out that dop-
ing titanates with very small amounts
of cerium or lanthanum oxide increases
the capacitance (in many cases), re-

duces its temperature coefficient, and
reduces the effects of aging. Adding up
to 40 per cent of neodymium oxide to
capacitor ceramics and calcining has
been recognised for some time as an
efficient and effective method of pro-
ducing NPO and negative temperature
coefficient umits, Recent work indicates
that even greater concentrations of
these oxides, particularly neodymium
and lanthanum, will give capacitors
with a wide range of coefficients and
exhibiting a high order of depend-
ability.

Showing great promise for minj-
turisation are the extremely high di-
electric constants exhibited by pure rare
earth compounds. Single crystals of
lanthanum, cerium, praseodymium and
neodymium fluorides, for example, can
be sliced into capacitor bodies with di-
electric constants of the order of one
million.

Of interest in the development of
monolithic ICs is the action of an alu-
minium/cerium oxide interface. When
layers of metallic Al and CeO. are
vacuu ited to form a capacitor,
the capacitance is independent of the
thickness of the dielectric which can be
only a few hundred Angstroms thick. It
has been suggested, Wilson pointed out,
that this results from an electrolytic ac-
tion, raising the possibility of deposit-
ing a completely solid-state elec-
trolytic capacitor directly on to an IC
substrate, o -]
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SPEAKER SYSTEM

KL-880

HEAD PHONE
HS-3

Perfect performance mates—that's KEN-
WOOD's KL.-880 4-way, 5-speaker system
and the KA-6000 stereo amplifier.
Sound as it really is—not as it almost is.
That's an extra you get because the KL-
880 has a 15-inch free-edge woofer, a
5-inch cone type midrange and horn type
high midrange squawkers.

Add two horn type tweeters and KEN-
WOOD provides you with amazing ultra-
angle treble dispersion.

The KA-6000 is a power-packed 180-watt
stereo amplifier that drives life into Hi-Fi
speakers of lowest possible efficiency.
Combined with the KL-880 they're an
unbeatable stereo team.

There's wide power bandwidth of 10Hz
to 50,000Hz with low-low IM distortion.
And the KA-6000 has exclusive low level
phono inputs for low level output phono
cartridges of 2mV, 0.5mV or 0.05mV.
For personal, exclusive enjoyment there's

4-TRACK,

3-SPEED,

3-HEAD

 STEREO j ——

TAPE DECK  LTPE_ — 40 -WATT

TT-10 s T Lin SOLID STATE STEREO AMPLIFIER
TK-150U

* Low-noise, Silicon diodes used throughout special

recorder/reproducer preamp.

* Double laminatian micro-gap playback Head, Re-
cording Head and Erasing Head with super ferrite

core.

* Dimensions: 16"(W), 7-1/16"(H), 12-11/16"(D).

* 5 pairs of input terminals for MAG, AUX 1,
AUX 2, TAPE REC and TAPE PLAY,
* Damping factor: 40 (at 16 ohms),
20 (at 8 ohms)
* Dimensions: 10-1/4"(W), 4-1/8"(H), 9-3/8"(D)
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S0 -WATT

SOLID STATE STEREO

AMPLIFIER

TK-250U

* 2sets of stereo speaker

terminals and front

panel speaker selector switch..

* Dimensions: 13"(W),
4-1/8"(H), 9-15/16"(D)
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180 -WATT SOLID STATE STEREO AMPLIFIER KA-6000

the HS-3 headphone accessory.

So, put these KENWOOD giants together
and add true stereo enjoyment to your
life.

KENWOOD has a distinguished array of
models operating with less power, but at
top quality.

Sole Agent in Australist Jacoby Mitchell & Co.
Abbotsford Street. Tel.: 30°'2491,
Jayem Electronics, 252 William Street. Tel.:
Newcastle: Edmunds Moir & Co. Pty. Ltd.,
Bulldings, Anzac Ave., Auckland, C.1.

Pty. Ltd.

Head Office: 469.475 Kent Street, Sydney. Tel.:
Brisbane: 56 Edward Street, Tel.:
28 8102, Tasmania: K.
18 Wood Street. Tei.:

the sound approach to quality

@KENWDOD

2 TSN
TRIO ELECTRONICS,INC.
6-5, 1-CHOME. SHIBUYA, SHIBUYA-KU, TOKYQ, JAPAN

26 2651,
2 6467. Adelaide: 652 South Road, Glandore. Tel.:
W. McCulloch Pty. Ltd,,
61 4991,

Melbourne: 18
536117, Perth:
57 George Street, Launceston. Tel.; 25 322,
Distribytor In New Zealand: JOHN GILBERT & CO., Tasman

Ask for a catalogue or demonstration by your nearest doclor

30 -WATT
FET SOLID STATE AM/FM STEREO
RECEIVER TK-20U'

jection and cross modulation ratio.
* Dimensions: 14-1/16"(W), 4-3/4"(H), 11-1/4"(D)

* F.E.T.(Field Effect Transistor)3-Gang Tuning Con-
denser frontend for superior sensitivity, image re-
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To: Jacoby Mitchell & Co., Pty., Ltd.
469-475 Kent St., Sydney.

Send me information on KENWOOD RECEIVERS,
AMPLIFIERS, SPEAKERS & name of nearest
KENWOOD retailer,
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ROTATABLE

VHF BEAM
ANTENNAS

This article is written especially for

those amateurs or would-be

amateurs who have never got round

to putting up a rotating VHF
beam because of the time, the

money and the effort involved. This

one imposes very small demands
on any of the three rather scarce
commodities.

By Neville Williams

The amateur who desires to become
active on the VHF bands normally
begins to think about erecting a rotat-
ing beam.

When he thinks about such a beam,
he envisages a tower not less than 40
feet high, surmounted by a nest of
arrays covering two or three bands,
with a choice of polarisation — the
whole lot driven by a remotely con-
trolled motor.

But while such a system would
undoubtedly be nice to have, it is likely
to involve so much planning, so much
work, and so much expense that, for
many amateurs, it is fated to remain a
dream for some time in the vague
future.

Fortunately, it is possible to get by
quite well with something much. more
modest and, to adapt an old saying, a
small beam in the yard is worth some-
thing twice the size in the imagination!
The system described here is only 22
feet high, but it will carry simple
arrays for 52, 146 and 432MHz, it will
rotate and it can be erected in not too
many hours of spare time, for the ex-
penditure of not too many dollars.

As shown in figure 1, the basis of
the antenna is a spar of 2x2-inch
straight-grained oregon, 18 feet long.
Anything lighter will be too light; any-
thing heavier will cost.a lot more and
be harder to handle. Hardwood is
cheaper but again a lot heavier. Have
the timber yard “skim dress” the spar
or dress it yourself, making sure that
not too much wood is removed in the
process. In our case, the spar was skim
dressed to 1% inch square and cost
$3.55 delivered to thé door.

Check over the spar for cracks or
knot holes and fill them with putty or
plastic wood. Apply one or two coats
of primer and/or undercoat and finish
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with outdoor gloss white enamel — not
forgetting the two ends. As an added
precaution against moisture pene-
tration, a cap can be bent up from a
scrap of jam tim, fixed to what will be
the top of the spar, and painted to
match.

Probably the simplest and easiest
way to handle a not-too-heavy antenna
system is to have it pivoted at the bot-
tom so that it can be “walked up” and
as easily walked down again for
maintenance and modifications. This
assumes that there will be space in
your backyard into which you can
lower a 22ft antenna system. In most
cases, it should not be too much of a
problem.

The diagram suggests a simple meth-
od of arranging a bottom pivot.

From any source you can think of,
get two pieces of scrap steel measuring
about 7 x 1% inches and of not less
than 16 gauge. Kink them outwards so
that, when bolted to the foot of the
spar, they will have 24 inches clearance
between them. Quarter-inch bolts will
be ample to attach them to the mast
but the bottom pivot bolt can be of
about 3/8-inch diameter.

The bottom fixed pivot can be an
ordinary “tee” on top of a short length
of water pipe, driven into the ground.
About 18 inches of pipe should be
ample and, if the ground is not too
hard, the assembly can be driven home
in one piece. Pack the Tee with a piece
of conduit if you want the bolt to be a
snug fit, but whether it is or not doesn’t
matter all that much. Don’t forget,
however, to paint the steel plates and
boltheads to inhibit rust.

The spar must naturally be guyed to
hold it upright and it is possible to use
proper stranded guys (ex disposals, if
you have such) galvanised wire from
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Neither expensive nor difficult

to construct, this rotatable an-

tenna mast can typically carry

arrays for 432, 144 and 52MHz,
one above the other.

clothes hoists, or plain galvanised fenc-
ing wire obtained from a hardware
supplier. It is conventional to break up
the guys into random lengths by in-
serting egg insulators but this probably
doesn’t matter a great deal if they are
running downwards from a point well
below a horizontal beam.

Three guys 120 degrees apart will
support the spar but try to plan things
so that the guys will run down to a
stout fence, some point on an adjacent
building, or down through a shrub to a
ground spike. No one relishes walking
into a wire guy when mowing the
lawn! If a guy has to be exposed, it
may be necessary to attach a batten to
it, or to slip a length of plastic hose
over it, both to make it more obvious
and to minimise damage if someone
does inadvertently walk into it. In our
case, to attach the guys to the mast, we
used a couple of plated -eyebolts,
obtained from a hardware store, with
shanks long enough to pass through its
1#-inch dimension.

The other matter to consider is that
you will want to rotate the beam,
preferably from within the ham shack.
If your ideas do not run to pulleys or
other such devices, it should be
mounted adjacent to a window or door,
where it can be reached easily.

Having provided a spar, pivot and
guys, one can take the next step of pro-
viding something to rotate and to carry
the antenna arrays. This “something”
can be a standard 22ft length of #-inch
galvanised water pipe, again obtained
from the local hardware store. This
will cost about $2.75. Fairly obviously,
such a length of pipe is going to leave



about 4 feet protruding above the spar
to carry the antennas.

To provide a “bearing” for the pipe,
we used three somewhat larger eye-
bolts, which could be made a slip fit
over the pipe by opening the eye a
little and shaping with a round file. We
chose eyebolts with the longest shank,
and obtained extra nuts and washers,
so that the pipe could be stood out as
far as possible from the spar, thus pro-
viding room for any pulley that might
be added later for mechanical rotation.

To carry the vertical thrust of the
pipe, the simplest course is to drive
another short length of pipe into the
ground, at just the right distance from
the base of the spar. Push a piece of
conduit or steel rod down the pipe
leaving a couple of inches protruding.
The rotating pipe can drop over this. If
you are going to rotate the pipe by
hand, don’t worry about thrust wash-
ers, etc. A little friction will help to
prevent the array from swinging
around in the wind.

It is worthwhile, by the way, in-
stalling an ordinary automotive hose
clip just clear of the bottom eye bolt.
When you want to walk the beam
down, the circlip will prevent the pipe
from sliding through the eye bolts as
the spar lays over. The arrangement
assumes that the pipe will be on the
high side of the spar when this is done.

The diagram also shows a handle
bent up from a scrap of flat steel and
clamped to the rotating pipe by a
couple of hose clips. This handle can be
used to turn the pipe but it will also
serve as a stop to prevent the pipe from
touring through a full rotation. Such
precaution is necessary or you will run
the risk of “winding up” the antenna
cables and tearing them adrift. The
handle can be positioned so that it in-
hibits orientation in a direction from
which contacts are least expected.

At this point, therefore, you have a
secure, rotatable antenna mast, 22ft
high, with about 4ft at the top clear for
VHF arrays.

And the cost: Almost certainly less
than $10, a few hours of non-arduous
work, and not a great deal of planning!

When it comes to constructing the
actual arrays, there are at least three
different approaches open to the odd-
ment-minded amateur.

TANK WHIP ANTENNAS, ob-
tained from disposals sources, These
are of steel, light and strong but very
hard. They can be cut with a hacksaw,
if you don’t mind ruining blades in the
process but the better approach is to cut
a v.-groove around them with a file and
break them. They are normally spray-
ed a dull green but a rub with a file
will reveal a layer of copper plating
which will take solder well.

BRASS TUBING: This is a handy
material if you happen to live within
travelling distance of a merchant who
handles it. Large diameter tubing can
be used as a boom, while the elements
can be made from smaller diameter
tubing. Tubing of diameter 3/16in,
tin and 5/16in will usually slide one
into the other, while ordinary 1/8in
brazing rod will slip into the 3/16 o.d.
tubing. Elements can be built up,
tapering from larger diameter in the
centre to brazing rod at the tips, the
junctions being soldered with the aid
of a plumber’s iron and a gas ring or
gas torch, The elements can be passed
through the boom and, again, soldered
in piace.

ALUMINIUM ALLOY TUBING:
This is lighter and cheaper than brass
but, again, one needs to be handy to a
source of supply. For many, a more
convenient source of alloy tubing will
be from damaged or even new tele-
vision arrays. These have the additional
advantage that they carry assembly
hardware which can be removed and
re-attached to provide the dimensions
required for an amateur VHF beam.

Ideally, these materials should not be

mixed. Brass, copper and soldering
techniques go hand-in-hand.

Aluminium alloy involves welding or
riveting, and alloy or plated steel
hardware.

Commercial practice is to observe
the compatibility of metals, If the rules
are ignored, electrolysis effects will has-
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elaborate feed system is neces-
sary to achieve symmetry and a
reasonable impedance match.

ten corrosion and lead to customer dis-
satisfaction.

For the amateur, however, who may
find himself with metal oddments on
hand at little or no cost, it is not un-
reasonable to bend the rules. Corrosion
or no corrosion, the chances are that a
simple antenna built from in-
compatible materials will still do the
job for as long as it is likely to be re-
quired. This should be true, at least, in
those areas where salt spray or indus-
trial atmospheric pollution does not
present an additional hazard.

One point we would make, however,
is that a beam built from oddment
materials should be given a liberal coat
of synthetic “aluminium” paint to in-
hibit corrosion as far as possible.

But more than that, it will improve
the appearance of the beam no end. It
is amazing what a good coat of alumi-
nium paint wil do for a beam built
from second-hand oddments!

VHF arrays for the amateur bands
can be constructed to a variety of con-
figurations, involving both the number
and arrangement of elements and the
method of antenna feed. Amateur
handbooks contain many suggested
designs and individual constructors will
probably find that one or other of these
designs happens best to suit the
materials (and cables) to hand. Such
considerations influenced our own
choice, although we feel that the sug-
gested configurations should come fair-
ly close to what many amateurs will
find it convenient .to adopt.

We settled for a 2-element 52MHz
array, mounted horizontally just clear
of the wooden spar. A 2-element design
will give the basic gain and directivi
one expects from a VHF beam and,
while extra elements would add a
diminishing quota of performance, they
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would also add their quota of construc-
tional complication.

For the 144MHz band, we suggest a
4-element array, more practical be-
cause the natural dimensions of a hlilgh-
er frequency beam are much smaller.
The 144MHz beam can be clamped
above the 52MHz array, near the top
of the rotating pipe.

Those interested in covering the
432MHz band can substitute a reduc-
ing union for the cap at the top of
the pipe and add a short length of %-
inch water pipe to carry the 432MHz
beam above the 144MHz array.

For constructors who want vertically
polarised arrays, the most obvious
course would be to screw a “Tee” to
the top of the rotating pipe, with short
lengths of pipe to either side, carrying
52 and 144MHz beams mounted verti-
cally rather than horizontally. Separa-
tion would have to be arranged, of
course, to ensure that the tips of the
larger array did not foul the supporting
guys or other structures. The feed
cables could be brought to the centre
pipe and secured, in the normal way,
so that they will rotate with it over at
least part of the downward journey.

Figure 2 shows typical dimensions
for a 2-element beam for the 52MHz
band. The boom, the director and the
driven dipole can be of any likely and
convenient diameters, selected from the
materials already mentioned. Elements
for this type of beam are usually about
3/8 inch diameter and the boom # inch
to 1 inch.

If operation were contemplated on
one frequency only, it would be logical
to optimise the beam for that frequen-
cy. For the prototype array, however,
we envisaged operation anywhere with-
in the band and therefore based the di-
pole calculations on the centre frequen-
cy of 53MHz. Allowing the usual 5 per

* cent reduction for end effect this gave
a figure of 106 inches overall. The di-
pole needs to be broken in the centre,
of course. for connection to the feed
cable.

Norinally, a parasitic director is cut
to about 95 per cent of the length of
the dipole. However, since it must serve
ag a director at the highest frequency
at which the array is likely to operate,
there is good reason to reduce its
length a trifle more to, say, 99 inches,

The spacing between the elements
can logically be set to one-quarter
wavelength, equal to 56in. If boom
length is a problem, it can be reduced
to one-fifth wavelength, or 43 inches,
without unduly affecting the general
characteristics or impedance of the
driven element.

The impedance at the centre of the
dipole can be expected to approximate
50 ohms and it may therefore be fed
directly with a length of coaxial cable
having a characteristic impedance in
the region 45 to 55 ohms. The table in
the centre of our June 1970 issue
should assist in identifying cable suit-
able for the purpose.

Undoubtedly, the simplest approach
is to connect the outer braiding of the
cable to one element of the dipole and
the centre conductor to the other, ig-
noring the fact that the system will be
non-symmetrical, with some disturb-
ance to the norma] radiation pattern,

Symmetry can be restored by con-

W\ TO DIPOLE
b 8

MATCHING
LOOP

st 70 OMM
CABLE

TO EQUIPMENT Figure 4

With a coat of paint and strap-
ped to the mast, no one would
ever recognise an aluminium pill
tin for what it is, It is one way
of housing and weatherproof-
ing the feed system for the
144MHz beam in figure 3.

necting a balancing stub adjacent to
the antenna feedpoint, gs indicated in
figure 2. The stub should be a quarter.
wave long at the operating frequency,
with no allowance for cable character-
istics, since only the outer braiding is
used to secure the balance condition,
Care must be taken to see that there is
no contact between the braiding at the
top, although good contact must be
established at the quarter-wave point.

With new cable, a quick touch with
a soldering iron on the braid can estab,
lish a soldered connection but, with old
cable and tarnished braiding, heat may
have to be applied for so long that the
internal insulation may tend to flow
and render the effort finally and com-
pletely abortive. With old cables, it is
often better to avoid heatintﬁ alto-
gether; clean the braiding with glass
paper, bind firmly and neatly with tin.
ned copper wire and then wrap with
plastic tape in such a way as to exclude
moisture from the joint,

Incidentally, the top of the cable
should also be wrapped or otherwise
treated to prevent rainwgter from seep-
ing down inside.

Figure 3 shows typigal dimensions
for a 4-element array for the 144MHz
band. In this case the folded dipole is

_specified to provide greater bandwidth

than could be expected from a simple
dipole, It is intended to resonate on
145MHz, which is not the centre of the
band, but the centre of that portion of
the band which is most used. The di-
mensions, by the way, should be mea-
sured along the conductor between the
centre of hairpins or the centre of
the junctions at each end,

The tubing from which the dipole is
made can be of any conyenient diame-
ter but, for the intended impedance
relationships to hold, the broken and
the unbroken elements should be sim-
ilar, whether they are of the same
diameter overall or made up from
tapered scgments, The spacing between
them is not critical, provided that it is
small compared with a quarter
wavelength,
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Since the parasitic reflector must
function as such at the lowest likely
frequency, it is logical to base the
calculation on 144MHz; this gives a
length overall of 41 inches. Conversely,
since the directors must operate, as
such, at the high end of the band, it is
usual and logical to calculate them for
progressively higher figures of frequen-
cy. This gives 36 inches (147MHz) for
the director adjacent to the dipole, and
354 inches (148MHz) for the director
at the front of the array.

Suggested spacing between all ele-
ments is 164 inches, representing a
nominal 0.2 wavelength.

In a 4-clement array of this general
configuration, a simple dipole would
exhibit a centre impedance of about 30
ol - a figure which cannot be
directly matched by any readily avail-
able transmission cable. Folding the di-
pole multiplies this by 4 to 120 ohms,
which still presents something of a
matching problem. :

Various methods of matching imped-
ances are available but the one sug-
gested in figure 3 seemed best to suit
our requirements,

Ordinary 70-ohm coaxial cable is
used for the run-up from the equip-
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CHEST OF DRAWERS

Three types of Galvanised Chests measuring
17%in x 6%in x 11%in, containing 16
drawers, each measuring 6% x 3%in x 2%in.

e TYPE C.D.1. With 16 undivided drawers.

e TYPE C.D.2, With 16 triple compartment
drawers.

® TYPE C.D.3. With 8 triple compartment
drawers, and 8 undivided drawers.

® TYPE C.D4. A 17%in x 11%in Gal-
vanised Chest containing 4 full-length daw-
ers each measuring 15%in x 6%in x 2lain.

The Chests are finished in blue hammertone
stoving enamel, are complete with identifica-
tion cards and packed strong corrugated
cartons, Provision is mlde for all units to
he bolted togeum in tiers,

WRITE FOR FREE CATALOGUE
PRICE LIST OF TOOL BOXES AND
CHESTS OF DRAWERS.

With particular reference

COLOUR TELEVISION

to the PAL system by
G. N. PATCHETT
This book now available
$5.95

"PIPGRAS” HOLE PUNCHES

“PIPGRAS"” Hole Punches are made from
Alloy Tool Steel, and cut clean and
accurate holes in sheet metal. They make
ih smooth, perfect hole without reaming or

SCREW TYPE, ROUND

Supplied with “UNBRAKO” High Tensile
Socket Screws and Wrenches, Cut holes
sheet metal up to 18 gauge.

‘l‘!u Nominal Aelull W-terrl Pilot Price
Size Size ln .D.) Drill Size hch
32 S Y4in 0.5 —  Vin $2.17
40.8 S4in O.Elaln Y4in 5/16in  $2.17
48.8 %4in  0.742in ~ 3in §/16in  $2.80
56.8 Thin  0.884in  t4in  in $3.80
64.8 lin 1.008i; — %in $4,10
72.8 1%in 1.133in  %in  3in $4,
76.S 1 3/ 16in  1.172in — ein  $4.83
80.S Yain 1.258in —  Jin $4.97
88.S Hﬂn 1.382in tin 7/16in $85.97

With Heat Treated, High Tensile Steel Hex.
Head Bolt and Nut

Cut holes in sheet metal up to 16 gauge.

96.8 1%in  1.512in — 9/16in  $6.68
112.8 1%in l 762in 1%in 9/16in $7.60
128.5 2in  2.014in 1%4in 9/16in $8.33

Pick up the recelver and dial push num-
ber desired.

Large $13.50 per pair
Small $10.12 per pair

KALTRO SVC
TV-RADIO

REMOTE CONTROL
LISTENER

This TV-Radio R Control Li is
a bination of lpuker and
a remote control station_ to late the
sound of the TV, Rad lo. hono, or
Hi-Fi set lnd the speaker incorporated in
the Listener itself. In addition, up to two

earphones can be attached for_ listening
to the sound of the TV, Radio, Phono, or
Hi-Fi _set without disturbing others around
you, Unwanted commercials can casily
cut off merely turning down the control
-Radio Remote Contro] Listener. A
modern designed plastic cabinet with easily
adjustable fingertip contmls ideal for use
in home, office and business. Complete with
earphone, 20ft of leld wlre and installation
instructions.

Price $8.75
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Trade enquiries
prices available
on application

*

Free parking
at Rhodes

*
Phone:
73-0211 Rhodes
29-4451 (ity
13-5586 Sat. Morning.

THIS MONTH'S SPECIALS

Radar 1XR Power Supply $30.60
Radax O5XR Power Supply $20.40
Lapel Microphone X67 .. $00.90
Table Microphone BM3 .. § 7.50

LR L T T =

8 WATT STEREO AMPLIFIER
MODEL $A-80§

e e e PP D P
”////////”////’5”2

SPECIFICATIONS
()utpml Power: 8 Watt, 4 Watts per chan-
Frequency Recpogte 60 to 15,000 cps. plus

or minus 1
Harmonic Distortion: Less than 3%.

Hum and Noise: 52 db below rated output.
Sensitivxty Phone (Crystal) 100mV 250K

‘l'uner 100mV.
Tube Complements: 12AX7x1, 30ASx2,
18315x1 (Silicon Rectifier).
Dimensions: $.11b. 9%in x 6%in x 3in.

BOOK SHELF TYPE
SPEAKER SYSTEM
MODEL SP-4§

Speaker:
l 'IO—I!.NO cps.
Set:ldvlty 5
Power m 8W (Music Power).
Cabinet : 9%in (M) x 6%in (W) 1

5% D).
Finish: Walnut lacquer,

FOUR CHANNEL
TRANSISTORISED MICROPHONE

All four inputs accept standard two circuit
Phone Plugs, while the ouxgut jack accepts
a standard circuit Phone Pin Plug.

SPECIFICATIONS:

. l “ 1 d "Hl" 1 A
m Microphone, etc. @ _Gain:
proximatcly Smgb @ Maximum lngut Sinml
1.5 volts. @ Maximum Output nal: 2.5
volts. @ Outpul for Minimum Distortion:

2 volts. eHum: 0. @ Battery: 9 volts

for

GENERAL ACCESSORIES

(A DIVISION OF ELECTRONICS INDUSTRIES)
116-118 CLARENCE ST., SYDNEY 29-4451 443 CONCORD RD., RHODES 73-0211

BOTH STORES OPEN SATURDAY MORNING

FREE PARKING SPACE AT RHODES FOR CUSTOMERS
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- ACRYLIC OR OTHER
INSULATING BLOCK

A way around another difficult problem — sup-
porting and insulating the lower portion of a

One way around a difficult problem — support-
ing and insulating the two halves of an ordinary

dipole.

Contriving antenna arrays from oddment mat-
erials is always a test for ingenuity. Here's an
easy way to fix a brass or copper clad element

ment, and this can be of any practical
length. Adjacent to the antenna, it is
spliced to a short length of 46-ohm
cable (50-ohm would do) conductor-to-
conductor and braid-to-braid. The splice
will need to be carefully made, care-
fully insulated and rendered strong and
waterproof by generous taping.
Allowing for the velocity factor of
the 46-ohm cable, a 13%-inch length
will function as a gquarter-wave trans-
former. The ratio and nominal imped-
ances at the lower junction, 70/46, call
for 46/30 at the antenna end. While
this end could conceivably connect
directly to the centre of a 30-ohm di-
pole, as already mentioned, it needs to
be multiplied by four, if connected to a
folded dipole. A half-wave loop of the
same 46-ohm cable, connected as in
figure 3, will provide the n
impedance step-up as well as achieving
symmetry in the antenna feed.

Figure 4 illustrates a handy way to
arrange the junction adjacent to the
folded dipole. We obtained an alumi-
nium pill tin with screw-top lid and an
internal gasket seal. An ordinary small
tagstrip was mounted inside the lid and
holes drilled alongside it for three co-
axial cables on one side and two smaller
leads on the other, connecting to the
two halves of the dipole. The braids
were unstranded, twisted and soldered
together, as shown, and soldered also
to the two tagstrip mounting feet. The
insulated lugs provided junction points
for the inner connectors.

When completed, the body of the tin
was screwed firmly in place, acting now
as the lid, and the whole assembly
clamped to the mast, cable down, with
an ordinary TV clamping strap.

It is not wise, of course, to allow
coaxial cables simply to hang from a
unit like this or from antenna con-
nection points. The cables should be
taped to the rotating member and clam-
ped firmly with hose clips, at a couple
of points. Lower down, they can be
fixed to the wooden spar, leaving ample

to an alloy boom.

slack to ensure that no strain is im-
posed when the antenna is rotated.

As already mentioned, those con-
triving arrays from TV antennas can
usually adapt existing clips, brackets
and insulating blocks to the new role.
Those working with other materials
may have to show a little more ingen-
uity.

Figure 5 shows one method of sup-
porting the two halves of a dipole
made from brass or copper-clad steel.
Obtain from 6 to 10 inches of very
close-grained impregnated wood, bak-
elite, perspex, etc., and drill holes into
each end which will be a snug fit for
the proposed elements. The holes
should nearly (but not quite) meet in
the centre. Drill two other holes, as
shown, to meet the first two at right-
angles.

Burnish the ends of the brass or cop-
perclad elements and push them into
the respective ends of the supporting
block. Apply a smear of non-corrosive
flux through the side holes and flow
solder on to the tips of the elements, to
provide a contact and also lock them
firmly in place. While the solder is
molten, push in a length of stout cop-
per wire, or a threaded bass bolt, to
which the feedline can later be con-

nected.

Figure 6 suggests a method of
mounting a folded dipole on to a
boom. A bolt passes right through the
top element and through the boom, be-
coming one of two bolts which hold an
angle bracket in position beneath the
boom. To this angle bracket is bolted a
block of insulating material, drilled to
support the open ends of the folded di-
pole. If there is any fear of the upper
element being unduly weakened by the
bolt passing through it, it can be se-
cured instead by a clip passed around
and sweated to it, or simply reinforced
with a short length of slightly larger
diameter tube slipped over it and
sweated.

Rather thap try to bend the tubing
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folded dipole.

STOUT COPPER TWISTED AND
WIRE DERED

’/SOL ERE|
£ ul i(/\ﬂﬂ_. 9
L L

BRASS OR
gl COPPER.CLAD
ELEMENT

Figure 7

to form the ends of the folded dipole,
it is usually easier to bend loops from a
piece of brazing rod and, after adjust-
ing them to secure the required dimen-
sions, sweat them in place.

It might also be observed that while
it is good practice to use the best mate-
rial available to insulate and support
the centres of a dipole or folded dipole,
there is no need to make a fetish of it,
because of the relatively low imped-
ance of a dipole at its centre point,

And, finally, figure 7 shows a simple
trick for fixing a brass or copper-clad
element into an alloy boom. Polish the
centre of the element and push it
through a closely fitting hole in the
boom. Take a short length of stout
copper wire, polish it and twist it tight-
ly around the element on one side, up
over the boom and round the element
on the other side. Flow solder to lock
the element and copper wire firmly
together.

And don’t forget our earlier word of
advice. If you mix metals like this in
the interests of economy, give the
finished unit a liberal coat of alumi-
nium paint. It will help retard corro-
sion and improve its appearance no
end. [ ~]

POWER SUPPLY KIT

Comprises power transformer wound
for 6V, 9V or 12V DC output, cur-
rent .5A max., full wave rectifier,
filter capacitor, printed circuit board
for mounting of all components plus
full instructions.

Price $4.50 plus 15% sales tax if
applicable, post and packing 35c.

E.H.K. INSTRUMENTS

P.O. BOX 7, ESSENDON NTH.
VIC. 3041. PHONE: 3377864
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TEST
EQUIPMENT

All backed by University sales parts services

Model MVA—6 vacuum tube
Voltmeter. AC-DC Volts, 7
ranges to 1.5KV; P.P. volts, 7
ranges to 4KV, db (ImW-600)
10db to 4 65db; ohms .2 to
1000M.

Price each: $45.00
<+ 15% S8.T.
Also available in Kit Form.

Model USG—20D Signal Generator,
7 Bands 120Kc-500Mc (6 Fundamen-
tal and 1 Harmonic) Xtal Socket for:
Self calibration or Marker Generator.

Price each: $38.00 4 15% S.T.

Model UC-3 3” Oscillo-
scope, Vertical 100mV

PP/CM at 1Kc. Freq Model UAG—22D Audio Generator.

Range 1.5cps to 1.5Mcs
Horizontal 9200 mV
PP./CM (at 1Kc). Wide
sweep to cps-300 Kes,
Continuously variable.
Price each $110.00
+ 15% S8.T.

Model MVA--7 high-sensitivity
VIVM. Ac volts 1mV-300V
10 ranges, db range —40 to
—50db 10 ranges. Input imped-
ance 10 meg. Accuracy 5 cps.

Sine 20 ¢ps-200Kcs. Square 20 cps-
150Kcs. Output volt 7V max. (1K
imp) Freq. response 4 1.5 db 20 cps-
150Kcs.

Price each: $40.00 4-15% S.T.

Model BRS AC Bridge.
Inductance (L) 1xH-111H.
6 Ranges. Capacitance (C)
10pF-1110uF, 6 Ranges
Resistance (R) 0.1 0-11.1
M 06 Ranges. Turns Ratio

—1.2Mc¢s = 2db. (T) 1/10000-1: 11100.
Price each $45.00 Price each: $50.00
+ 15% 8.T. + 15% S.T.

MODEL MVA-—4 Multimeter
D.C.V.: 2.5-10-50-250-1000 (20 KQ/V).
ACV.: 25-10-250-1000 (8 KQ/V).
D.CAA.: 50uA-2.5 mA-25 mA-250 mA.
Ohms: 10K-100K-1M-10M,

db: —20/04-22, 4-.22/4-36.

Price each: $16.00 4 15% S.T.

MODEL MVA—S§ Multimeter.
D.CV.: 5-25-50-250-500-2,5K
(20KQV.) ACV.;  10-50-100-500-
1000 (10KQ/V), D.C.A.: 50 uA-2.5
mA-250 mA. Ohms: 0,6K-6M. db:
-20/0/4-22),

Price each: $10.00 415% S.T.

MODEL MVA—100 Muitimeter.
D.C.A. 0.5-2.5-10-50-250-500-1000
(100KQ/V). A.C.V.. 2.5-10-50-250-
1000. D.C.A.: 10 uA-250 uA-2.5
mA-25mA-250mA-10A, ACA.:
0-10A. Ohms; 20K-200K-2M-200M.
db: --20/0/4-62.
Price each: $35.00 4 15% S.T.

MODEL MVA~-20 Multimeter

D.CV. 0.5-1-2,5-5-10-50-250-500-
1000 (20KQ/V). A.C.V.. 10-50-250-
500-1000 (10KQ/V), D.C.A.: 50uA-5-
50-500mA. Ohms: 10K-100K-1M-10M,
db: —20/0/-4-22. )

Price each: $14,00 -15% S.T.

All test can be at REPRESENTATIVES:
W.A.: Atkins (W.A.) Ltd.. N.Z.: Allum Electrical Co. Ltd.,
sga Hay wstmg zh leerposl i‘triot

n vers ra am TH: W.A. 6000. AUCKLAND, N.2.
TAS.: W. P. Martin and Co.. :
202 Argyie Street. NEWCASTLE DISTRICT:
Hi RT: w 7000. Hunter ‘lnslmerlng Sales _ Pty,
ns rumen s And 150 lllr?ton itrut. Ltd,, 8 Broadmeadow Road.
r St 5 i Piarriborora 2 Bo8  NEWImeafor- N.S.W. 2303
N_H T . W, .
108 Bsimors, Road, Riverwoed. NSW.. 2310, ;«imr“ ;';m utors PEY-  Bhone &1 4321,
. J .

e ELAIDE: “S.A, 5000, 516263. PORT KEMBLA DISTRICT:

3.«.,'..,, m"'“‘_c'“'" Raquip, Sydnay, QLp.: Keith sresﬁy“ and FIRE ti‘%ndczl Engineering Saies Ptv.

Contact Mr Graeme Wright on 397 7253 or st 8 Lwnaridue St.  KEWSTEAD.  Brisc. QId. 4006,  PORT KEMBLA “2sob s 307,

Werribee. Also avallable from all leading wholesalers.
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A Capacitor Discharge
~ lgnition System

The recent upsurge of interest in capacitor discharge

ignitions systems has resulted in many requests from readers

for full constructional details. This article, submitted by a

Victorian reader, is based on the experience gained in build-

ing a number of such units and testing them on a variety of

vehicles. It gives full constructional details which any moder-
ately experienced reader should be able to follow.

By A J. FRASER

Modern petroleum manufacturing
techniques have resulted in fuels
capable of knock-free operation, up to
extremely high speeds in the well-
designed internal combustion
engine. These higher compressions have

coupled, in the modern engine,
with high-revving, short-stroke designs
which have reached and, in a lot of
cases, exceeded the capabilities of the
Kettering ignition systems used.

In the past, many attempts have
been made to improve the original
Kettering design by the addition of
dual-contact distributors, sports coils,
dual coil and spark-plug systems,
special-type spark %lugs, transistor igni-
tion systems, etc., but have all resulted
in either increased mechanical com-
plexity, short service life of com-
ponents, a reduced electrical efficiency,
or combinations of these troubles.

Early in the career of the spark igni-
tion engine, another method of provid-
ing the spark was devised, This method
was termed a “Capacitive Disdharfe
Ignition” system. CDI, while obviously
superior in performance to the Ketter-
ing system, was not a practical proposi-
tion, The “state of the electronic art”
at the time of its conception resulted in
a very bulky unit with a poor reliabil-
i

The advent of the transistor, and fer-
rite materials, brought the solution to
the high voltage supply section of the
system, but it was not until the

evelopment of the silicon-controlled
rectifier, (SCR), that CDI became a
gﬁacﬁcal reality in both size and relia-

ility

An average six cylinder engine con-
sumes approximately 2 watts of spark
power at the idle. Yet, to provide a
reasonable high-speed performance, an
input power of around 40 watts is re-
quired by a typical 12 volt version of a
modern Kettering system. The transis-
tor-assisted version provides an im-
proved higb-speed performance by

simply increasing this “‘wasteful input

power to approximately 80 watts.

All this power waste is necessary
with the normal system due to the
manner in which the spark energy is
stored until required. This storage takes

the form of a magnetic field built up
around the core of a pulse transformer
(ignition coil). The sudden collapse of
this field when the distributor points
open and interrupt the primary current
produces the high-voltage spark pulse
when its lines of flux cut through the
many turns of the secondary winding.
As the primary of this pulse trans-
former has an inductance, the primary

The complete CDI1
system was housed
in a commercially
available die-cast
aluminium  case.
The brackets shown
are designed to
permit air circu-
lation around all
sides of the case.

40/.0076 THREE

ency for a livelier and more economical
performance in the medium and high-
speed range.

In the CDI system, the enmergy is
provided as a high voltage stored in a
capacitor, which has the considerable
advantage of not consuming further
power once full charge has been
reached, This increase in efficiency is
not fully realised in practice, in order
to ki the design simple. However,
even though the converter section of
CDI is allowed to continue running
after full charge has been provided, the
power input at the idle is less than 12
watts, while the sgoaark power is in-
creased by almost 100 per cent over the
normal Kettering system.

The spark voltage pulse is produced
by a rising magnetic field with CDI
and therefore unless voltage polarity,
or coil primary connections, are rever-
sed an incorrect polarity of spark will
be produced from a normal coil. In this
CDI, voltage polarity reversal is used

EDDYSTONE 7134/P
DIECAST CASE
CR EQUIVALENT

gt

SUPPORT BRACKETS
I%'LH SIDES

CORE FLEX

current, and hence the magnetic field,
takes a finite time to reach a hi
enough magnitude to be of any use. At
‘t;liﬁh engine revs this time becomes sig-
ificant in comparison with the spark
repetition rate, and does not permit the
magnetic field to reach full strength.
Thus the normal output of 25KV at the
idle, or around 30KV for a transistor
agsisted system, falls off rapidly as the
speed rises. As well as this fall in peak
voltage, the power delivered in each
spark also falls rapidly, thus reducing
combustion efficiency at the higher

The CDI system proposed in this
article will maintain its output relative-
ly constant up to quite high speeds. In
fact it wilt fall by only 2 to 3 per cent
even at 6,000rpm on a 6-cylinder en-
gine, thus preserving combustion effici-
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COMPLETE CDI UNIT

for negative chassis vehicles, and coil
reversal for positive i

In theory the lowest voltage break-
down of a spark gap is obtained where
the hottest electrode is used as the
cathode, (Provided the temperature
difference between these electrodes is
great enough to make a significant
difference in the electron valence bond
strength.) The centre electrode of the
spark plug is the hottest and therefore
sh%\;ldmbe usegf as the cathclx:i.

e use of a high applied voltage

(400V) from a low impedance power
limited source, a capacitor, the rise of
this magnetic field can be made almost
explosively fast, and will therefore pro-
duce a high voltage in the secondary
winding very close in amplitude to the
applied voltage times the pri/sec turns
ratio,
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Most normal ignition coils fall in the
90/1 to 100/1 turns ratio range. Some
high performance “Sports” coils even
run as high as 120/1. Therefore,
depending on the coil employed, spark
voltages up to 48KV can be obtained
with this gDI. However, voltages over

2x2N3055,8DY20
RI 120 Ti

AAAA
\)

and results in easier starting even under
“flooded” engine conditions.

Many exaggerated claims have been,
are being, and will undoubtedly contin-
ue to be made about improvements in
performance and egonomy with CDL
These claims probably result from the

4xAD4004 etc.

+ 400V

S R4
® 470K

> CASE

2N3055,8DY20

400V CONVERTER SECTION

The basic converter unit suitable for use with cars of either polarity.
The transformer is wound on a commercial core and former, and
all winding details are given in the text. It delivers 400V DC.

40KV are not advisable due to possible
coil insulation failure in the event of a
spark plug lead coming off at high
speed. Use of sports coils are thus not
recommended with CDIL

The considerably faster rise time,
(approx. 15uSecs), of CDI enables
firing of quite badly fouled spark-plugs
with a resultant greatly extended life
between plug cleanings or replace-
ments. The higher spark voltage avail-
able also enables firing of petrol/air
mixtures at greater pressures, thereby
extending the lower limit of speed in
top gear before misfiring, and thus
“transmission snatch,” commences.

The higher power delivered in each
spark provides a more stable flame
front in the combustion chamber. This
brings about an improvement in fuel
economy and a broader tolerance to
lower octane fuels without “pinking.”
This broader tolerance to fuels also ap-
plies to the petrol/air mixture ratios,

PARTS LIST

fitting of CDI to a vehicle already ‘on
the last legs of its normal ignition
system and 50 per cent of the claimed
improvements would have been
achieved by an electrical tune-up any-
way, However, this only serves to high-
light the lengthened period of trouble-
free service to be expected with CDI.

Over a number of test cases with
CDI fitted to a variety of cars, in
good condition, the following facts
emerged:

Average fuel economy improvement
worked out at 5%. The worst figure
being 2% and the best case slightly
under 10%.

The drivers of manual transmission
vehicles all reported they felt the car
was smoother and more pleasant to
drive. Most of the smaller cars were a
little livelier throughout their speed
range and quite definitely more flex-
ible at low speeds.

All drivers reported they found cold

1 Eddystone die-cast box type
7134/P. (See text regarding sub-
stitutes.)

Printed wiring board type 70/cdl.
6-pin socket.

6-pin plug.

CAPACITORS

400uF 16V electrolytic.
0.01uF 500V disc ceramic.
1uF 400V (see text).

0.15uF 100V plastic or paper.

RESISTORS
12 ohm 1.5 watt wire wound.
470 ohm % watt,
470K % watt.
2.2K 1 watt,
22K % watt (see text).
100 ohm 1.5 watt wire wound.
TRANSISTORS, DIODES, ETC.
2 2N3055 or equivalent with in-

—~ —~

g s DN

sulating kits if necessary. (See

text ref. ASZ15s.)

AD4004 or equiv.

0A202 or equiv.

C20D or equiv.

Mullard FX2242 core sections.

Mullard DT2180 single section

Delrin former.

Mullard DT2155 clamping nut.

Small quantity of 22, 26 and 28
gauge enamelled copper

wire.
SUNDRIES

Length of 40/.0076, 3 core, power
cord; grommet for power flex entry;
one 4 lug tag strip; small quantity
23/.0076 insulated wire; silicone
grease or heat-sink compound;
flat-black paint, an assortment of
screws, nuts, washers, solder, etc.;
scraps of extruded aluminium for
mounts.

~A N

~
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starting a little easier, and flooded
starting vastly improved. Also where a
manual choke control was fitted, much
less use of it was needed.

Most drivers of automatic trans-
mission vehicles reported they felt little
if any improvement in smoothness or
performance, although the driver of
smaller engined vehicles did feel there
was some improvement in their high
speed performance.

However, there are other advantages:
The distributor points should last the
life of the engine; spark plug life will
be extended; starting will easier;
improved fuel/air combustion with less
use of the choke will extend top over-
hau] periods; and quicker starting and
lower ignition current will extend bat-
tery and generator/alternator life. If
these advantages, plus some improve-
ment in economy and engine perform-
ance appeal as an attractive proposi-
tion, then the cost, time, skill and effort
needed to make and fit a CDT can be
justified.

In early 1964 the author became
interested in the CDI concept and de-
cided to attempt design of a unit using
readily available, local components.
Almost coinciding with the decision, a
suitable SCR, the type C20D, was re-
leased as an economy line, thus low-
ering the cost of the unit by quite a
respectable amount. The main snag
was finding a suitable capacitor for the
charge storage. A value of 1ufd, 400V,
was needed. A few, rather scarce
French and German imported units
were scrounged to provide a smalil
enough capacitor to fit in the early
CDIs. The subsequent release of poly-
carbonate and similar types, rated at
1uF, 400V, appeared to offer a better
proposition, and the polycarbonate
types have been used in all models to
date, with complete satisfaction.

(Editorial comment: Although the
polycarbonate type capacitor has been
extensively used in the past for CDI

tems, long term experience suggests

at they are not sufficiently reliable
when used in this role. Foremost
among these who question their suit-
ability are the capacitor manufacturers
themselves, who point out that these
capacitors were never intended for an
application of this kind. The main
problem appears to be continuous re-
quirement to deliver the heavy dis-
charge pulses demanded in this appli-
cation. At least one manufacturer,
Plessey-Ducon, has developed an oil
filled paper dielectric capacitor specially
for this application, Type number
5S10A, it is rated at 1uF, 1000V,
Although larger and more expensive,
it would appear to be a logical choice
where maximum reliability is required.)

The early units used the ASZI15
transistor in the inverter section, but
the cheaper NPN silicon 2N3055 tran-
sistor is now a more economical choice,

The main drawback in using the
2N3055 occurs when the CDI is built
for use on a negative chassis system.
The collector (case) of the transistor is
then at the full 12v positive of the bat-
tery active, and is thus subject to
possible short circuit by dropped tools
etc., amd more prone to corrosion at-
tack. In a positive chassis system the
transistors are mounted directly on the
CDI case, at chassis potential, and thus
removed from these hazards.

With negative chassis systems it
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The latest from

final touch to perfection...

QUAD AM3 TUNER

A new criterion of excellence in AM Broadcast reception has arrived!
The Quad AM3. It is a self-powered unit, primarily intended for use with
the Quad 33/303 Amplifier, but may be used with other amplifiers. The
AM3 Tuner is styled to match the Quad 33/303 units, incorporating 3
wave length coverage, wide/narrow/selectivity switch, luminous ribbon
tuning indicator and adjacent channel whistle filter.

Tuning range: Medium Wave: 510-1620kHz (588-185 m). Short Wave 1: 2.2
— 6.6Mhz (136-45 m). Short Wave 2: 5. — 18.5MHz (52 — 16.2 m). Output
Level: 100mV (Nominal for 30% modulation). Filter Rejection frequency;
10kHz. Dimensions: Width, 10%”. Height, 3%”. Depth, 8”.

QUAD 33 CONTROL
UNIT $221.75

QUAD 303 POWER
AMPLIFIER $291.00

GUAD ELECTROSTATIC
LOUDSPEAKERS $331.50 each

Sole Australian Agent:

BRITISH MERCHANDISING PTY. LTD.
49-51 York Street, SYDNEY. Telephone 29 1571
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would be advisable to retain the
ASZ15, PNP type, in order to keep the
transistor ¢ases at chassis potential. No
change is necessary to circuit values so
this choice is left to the constructor to
balance cost against safety.

The converter power supply section
is a saturation-controlled, transformer-
coupled, push-pull oscillator which
operates in the following manner:
When battery is first applied both tran-
sistors will draw current through their
respective halves of the primary of the
converter transformer T1. Due to the
presence of R3, a greater current will
be drawn by TR2, Thus a resultant
magnetising current will appear in T1.
By inductive coupling this current
will produce a voltage across both the
feedback windings such that the larger
TR2 current increases and the smaller
TR1 (Ico) current decreases.

Positive feedback is therefore estab-
lished and TR2 will quickly switch to
the saturated state and allow almost
full battery voltage to appear across its
half of the primary winding. The in-
ductance of this winding being quite
small, the current will rise very quickly
towards a high value set by the resis-
tance of the winding. However, the
core of T1 will reach its saturation
flux density before that current can be
reached,

When saturation is achieved no fur-
ther change in flux will occur. From
our transformer theory: no change in
flux means no induced voltage. There-
fore at saturation the feedback voltages
will fall to zero, thus returning the
transistors to their quiescent condition.
The resultant removal of battery volts
from the primary winding will cause
the magnetising current to fall towards
zero, However, the moment the current
falls below saturation level a decreas-
ing flux density will commence. Again
from our transformer theory: a reversal
of flux movement means a reversal of
induced voltage. Thus the feedback
voltages reappear reversed in polarity.
This results in TR2 turning off com-
pletely and TR1 quickly driving T1
into saturation in the opposite magnetic
polarity, Again, at saturation, loss of
feedback voltages occur and a repeat
of the first cycle begins. The circuit
continues to oscillate in this way with
the waveforms of figures 4 and 5.

Under conditions of close match of
transistor Ico’s, low temperatures, or
heavy loads, the circuit would not
always start oscillating were it not for
the presence of R3. ’%‘his resistor pro-
vides the large unbalance necessary to
ensure starting under all conditions,
bar one.

This one condition provides a unique
feature of this type of converter, It is
short circuit safe. With a short across
the secondary of T1, provided leakage
inductance is low (and we ensure this
by our winding technique) transformer
action transfers the short across the
feedback windings and thus prevents
the suppl% from oscillating. Instead
transistor TR1 will remain at Ico, and
TR2 at a value set by R3. The value of
R3 is therefore caréfully chosen to be
low enough to ensure positive starting,
and high enough to keep dissipation in
TR2 within safe limits under the short
circuit condition.

If leakage inductance is not kept low
in T1, the converter will continue to
run (at a frequency dependent on
L/leakage) with a destructive level of



power dissipation in TR1 and TR2,
Also, spiking of the waveforms will
result with possible over-voltage fail-
ure of these transistors under normal
running conditions. To keep this leak-
age inductance low we must ensure
both 13 ﬂtum ua.lpn'xma.ry n\;igtclling haﬂl:;s
are exac and tightly coupled.
Likewise g)regw 6 turn feedback wind-
glgﬁ. This is easily accomplished by the

ar winding technique. ie., double
the wire to be used and wind both
halves simultaneously.

With the converter oscillator func-

IGNITION SWITCH

vide a safety discharge path for C2 and
C3 if the ignition is turned off with a
charge stored.

Operation of the trigger circuit is
basically the same for either negative
or positive chassis systems in that a
pulse is supplied to make the gate of
the SCR more positive than the cath-
ode. The explanation here will deal
specifically with the negative chassis
system, but serves equally well for the
positive system, With the distributor
points closed the junction of R7 and

80 froduoe the spark pulse as described
earlier. The time constant of this
charging circuit is quite short, (approx
7uSecs), and so does not interfere with
the commutation of the SCR to its
blocking state. Capacitor C1 provides
filtering of any ignition, gener-
ator/alternator, or converter pulses
likely to cause false triggering of the
SCR while the distributor points are
open, The normal distributor capacitor
rovideg additional filtering of the
Eigher frequencies.

When the distributor points close

io LN Om———s-BATTERY ACTIVE i S
2o > ; WIRE(S) REMOVED —io e
! FROM IGNITION
+ SWITCH TERMINAL
_;: : OF IGNITION COIL s
e colt 3
TBATTERY © CDI UNIT —— ]
IGNITION COIL »
i (MOUNTED TURRET
o o T~ DOWN—SEE TEXT) colunr SRk >t DIST —4o
1
i 4
LSo >j__ . DIST. 5 5
) eie0)
(e}
620 +
DISTRIBUTOR
0 P o e99 :
NORMAL CHASSS
COI PLUG DI PLUG
iSHITON il *THIS WIRE IS ONLY NECESSARY WITH A
BALLAST IGNITICN COIL SYSTEM (SEE TEXT)
4 DOTTED LINES INDICATE THE NORMAL
IGNITION WIRING TO BE REMOVED FOSITIVE CHASSIS VEHICLES NEGATIVE CHASSIS VEMICLES

tioning, transformer action results in a
step-up of battery volts to 400V square
wave AC in the secondary of T1. This
AC voltage is then rectified by the
AD4004 agridxe and supplied to the
charge capacitor C3 in trigger sec-
tion as 400V DC.

When C3 is fully charged, (via the
ignition coil primary and RS), trigger-
ing the SCR into conduction instantly
dumps the entire cha&"fc across the
coil primary with a resultant very high
peak of current. The corfesponding
rise in magnetic field induces a fast-
rising high voltage pulse in the second-
ary e SCR w| triggered will also
apply a short circuit across the 400V
Dp(,E converter output but, as explained
earlier, this has no detrimental effect
on the supply, which simply turns off.

As C3 discharges into the primary
inductance of the ignition coil, a
damped oscillatory waveform com-
mences. en .this voltage rises
negatively again after C3 has dis-
charged, it will attempt to conduct back
through ‘the SCR in the reverse direc-
tion, thus commutating the SCR to its
blocking state once more. Resistor RS
provides a damping action on the os-
cillatory waveform, which could other-
wise result in over-voltage peaks up to
800V, under spark misfire conditions,
reaching the SCR (via C3) and destroy-
ing it by dV/dT triggering.

Reversion of the SCR to the open
condition allows the converter to re-
sume operation and commence recharg-
ing C3, Capacitor C2 is necessary to
prevent too fast an initial application
of the 400V across the SCR at this
time, and also assists RS in its damping
action. Too large a value C2, however,
can cause loss of some spark power at
high speeds. The value of 0.01uF was
found by experiment to be optimum,
Resistor R4 is included simply to pro-

Diagrams showing how the CDI system is wired for either a negative
or positive chassis car, using a plug and socket arrangement. In the
unlikely event of a CDI failure, a suitably wired plug may be substi-

tuted to restore the

normal ignition system.

[ot]
|
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D5/R6 is at chassis and a current,
limited by R7, flows through the
points. This “contact wetting” current
is essential to keep the points clean.
When the distributor points open, C4
charges to the battery voltage via R7,
D5, and the gate/cathode junction of
the SOR. This positive charging current
is sufficient to provide the necessary
trigger power to turn on the SCR, and
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TRIGGER SECTION POSITIVE CHASSIS

again C4 will be forced to discharge
via D6 and R6 due 'to the blocking ac-
tion of D5. The value of R6 is chosen
as a compromise between two con-
flicting requirements: the suppression
of distributor point contact bounce im-
pulses which calls for a high value, and
a high enough discharge rate for C4 to
ensure reliable triggering of the chosen
SCR at the highest spark repetition rate
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You get the ultimate in
stereo realism with

son TC-540

The ultimate in stereo performance is yours from SONY’s quality solid-state tape
recorder TC-540 with 4-track stereo/mono recording and playback operation.
‘Quadradial’ sound system comprises uniquely designed separate speakers and
individual bass and treble controls for personal tone preferences.

SPECIFICATIONS—Recording system: 4-track stereo/mono recording and playback.
Power requirements: AC 50/60 Hz, 220 or 240V, 65 watts. Tape speeds: 715 ips,
33/ ips, 17 ips. Reels: 77 or smaller. Freq. response: 30-20,000 Hz at 715 ips,
30-13,000 Hz at 334 ips, 30-10,000 Hz at 174 ips. Flutter and wow: 0.099; at
7Y ips, 0.12% at 33, ips, 0.16% at 17 ips. Harmonic distortion: 2%. S/N
ratio: 50 dB. Qutput: 5W per channel (20W total dynamic power). Speakers: Two
built-in speakers 4” x 8” and two lid-integrated speakers 4” diameter,
Recording time (1800’ tape): 4-track stereo 6 hrs. at 174 ips, 4-track mono 12
hrs. at 174 ips. Fast forward and rewind time: Within 2 min. 20 sec. (1200’ tape).
Inputs: MICROPHONE Sensitivity 72 dB (0.19 mV). LINE Sensitivity —20 dB
(0.078V). Outputs: LINE Sensitivity 0 dB (0.775V). EXTERNAL SPEAKER Sen-
sitivity 11.2 dB (2.83V). MONITOR Sensitivity 11.2 dB (2.83V). Rec/PB connector:
INPUT Sensitivity 40 dB (7.8mV). OUTPUT Sensitivity 0 dB (0.775V). Dimensions:
1916 (W) x 9'%6 (H) x 1574 (D). Weight: 41 Ibs. 10 oz.

SONY.

Distributed by:

JACOBY

NAME

To: Jacoby, Mitchell & Co. Pty. Ltd., 467-475 Kent St.,
Sydney, 2000.
Please send me information on the Sony TC-540 Stereo
Tape Recorder.

adradial

sound system

(2-way, 4 speakers)

lid speaker
built-in speaker

Schools towin
SONY.

TC-540’s

a valuable aid
for students’ education

In conjunction with the Channel 7 Network
the fifteen finalist schools in “‘It's Academic’’
will each be presented with a SONY TC-540
stereo tape recorder.

B e T e e e

MilCHELL

SYDNEY—26 2651 « MELBOURNE—30 2491/2 e ADELAIDE—53 6117 o
BRISBANE—2 6467 « PERTH—28 8102 « LAUNCESTON—2 5322 « Agents:
CANBERRA—47 9010 ¢ N'CLE—61 4991 « PORT KEMBLA—4 2071.
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required, which calls for a low value.
The more sensitive the SCR, the
higher the value of R6 and so the
greater the protection agalnst contact
bounce, although this is not a linear
progression. To indicate the wide vari-
ation between similar types of SCR,
the highest value of R6 usable with
any C20D is 22Kohms, yet the
highest for any 2SF1§ type is 6.8-
Kohms. With R6 in circuit the dis-
charge of C4 is slowed sufficiently to
prevent any recharge current from trig-
gering the SCR again, if the distributor
points bounce open a short time after

of the former. Complete with a single
layer of paper.

The 13 turn, bifilar wound, primary
windings are added last. The primary
windings should be wound in the same
direction as the feedback windings, and
the start and finish of each winding la-
belled. These labels may then be used
to connect the windings in series,
according to the S (start) and F (finish)
markings of the circuit. Ensure all
windings are firmly anchored and finish
off the windings with a layer of ordin-
ary cloth-backed sticking plaster from
the first-aid kit (or local chemist).

1b>\0Y
C3

D1-.D4

COMPONENT LAYOUT ON PRINTED CIRCUIT BOARD

Layout of components on the printed wiring board, viewed from the

component side. The wiring pattern is shown approximately full size.

Ready made boards should be available through trade outlets by the
time this article appears.

PRINTED CIRCUIT BOARD

Arrangement of compon-
ents, including the print-
ed wiring board, on the
inside of the lid of the
die-cast box. Compare this
with the drilling pattern
shown on the next page.

KO

they close, as they can do at high
speeds.

So much, then, for the manner in
which the system functions. Let us now
consider the constructional details.
When winding the converter trans-
former, close adherence to the follow-
ing points is essential to enable all
windings to be fitted into the avail-

able space.  The transformer is
wound on two Mullard type FX2242
cup core sections in conjunction

with a Mullard DT2180 single sec-
tion Delrin former and associated
hardware. The Delrin material is rela-
tively pliable, and unless the ends are
clamped between stiff plates of either
wood or metal during winding, a splay-
ing of the sides due to winding
pressures will make assembly of the
completed transformer impossible with-
out damaging the windings or snapping
the brittle core material.

The 375-turn secondary goes on first,
in close wound formatioh, with care-
fully formed layers of 28 gauge
enamelled copper wire. A thin paper
insulation should be wused between
layers. (Thin, waxed, lunch-wrap paper,
cut into suitable width strips serves
very nicely.) Only a single thickness of
this paper should be used between each
layer, and three thicknesses over the
finished secondary winding. The feed-
back windings are applied next and
must be bifilar wound, using 26 gauge
enamelled copper wire. Space the turns
of this winding to occupy the full width

COMPONENT LAYOUT ON CASE COVER
(TRI AND TR2 MOUNTED ON ENDS OF CASE)

When assembling the completed
windings into the transformer cores, a
few small balls of “plasticine” or sim-
ilar will help greatly in reducing squeal

WARNING

The converter unit is capable
of delivering a fatal -electric
shock. Treat it with the care and
respect you would normally
accord any dangerous 400V sup-
ply. Even the AC voltage across
the ignition coil primary when the
engine is running could deliver a
nasty shock. The secondary of the
coil, while uncomfortable to con-
tact, is not lethal.

A wise precaution before deliv-
ering a CDI equipped vehicle to a
mechanic for repairs, would be to
either revert it to normal ignition,
or firmly and positively warn the
mechanic of the danger.

from the converter, although a slight
whistle is quite normal, and serves as a
handy indication that the unit is run-
ning. However, ensure that this or any
other foreign substance does not con-
taminate the mating faces of the two
core halves. It is good insurance to
clean these faces carefully with a good
spirit cleaner before assembly, as even
the slightest air gap here, apart from
producing’ a higher magnetostrxctlve
squea] from the transformer, will re-
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If you want

STEREQ
EQUIPMENT

You'll deal better with
H. B. RADIO SALES

UNIT. 2 Wharfedale unit 3 speaker
systems Dual 1209 player on plat-
form, Shure magnetic .. $387.50
KENWOOD 150 AMP, 2 Magna-
vox 10in speaker systems in Teak.
Garrard AT60 on platform, with
Shure Magnetic .. $277.00
SANSUI 555 2 Wharfedale Super
10 speakers in R3 teak cabinets,
Dual 1209 player, Shure Mg&wnc
latform and cover .. .. $461.00
ONARCH SA 500. 20W RMS—

!ﬁow and Hlj Fxlterkecontrols, 2
agnavox r systems.
Dual 1210—Shure Mpeaetxc platform

cover .. . $283.50

New Playu Platform model 175 is
16in x 14in x 3%in. Price $750 for
maple or walnut. Kit of parts $4.00.
Teak, 50c extra. Perspex cover, 3iin
or 5%in lﬁh and $1.50 extra
Cut outs 75¢c

New Player Cabinet model 186 is
10in high, 17 wide, 14}in deep and
53in above shelf. Finished with
tinted Perspex top. Price $22.00 for
maple or walnut or teak. Kit of
parts, $13.50. T $1.00 extra
(kits only). Height of model can
be increased to take various ampli-
fiers, Tailored cut out. for
quotation.

SPEAKER UNITS
PLAYMASTER, complm $33.50
Cabinet Kit and Parts .

POINT 4, c te ..
Cabinet Klt and parts .
WHA)RFEDALE Unit 3
Cabinet Kit and Parts .

$44.00
MAGNAVOX 10WR a.nd 3TC,
complete .

Cablnet Kit an Speakers 833.00
MAGNAVOX 12WR, 3'l’C, com-
plete . . $47.00
Cabhet Klt and lslﬁeakcu .. $34.00
W’DALE SUP 10 in

R3 cabinet .. . $76.50

Cabinet Kit and Speaker .. $66.50
Special quotes for other speakers.

Available in Maple, Walnut or
Rosewood colours. Teak veneer
31 extra for Slimline and Book-
self KITS. $2.50 extra for other
KITS.

order.

Packing d..:? $1
Freight payable onpd.:llvcry.
Send for Stereo Catalogue

H. B. RADIO SALES
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Master Antenna TV distribution systems providing systems and equipment for
home-units, motels, hotels, schools, hospitals, etc.

CHANNEL MASTER BR3a0c

@ s THE MIGHTY SDA SERIES OF
SOLID STATE TV

DISTRIBUTION AMPLIFIERS

50 db voltage gain

Up to 4 volts output

Solid state reliability

Long-term gain stability

Plug-in module construction throughout
Separate high and low band amplifiers
Separate high and low band gain controls
Requires only 10 watts of A.C. power
Covers all channels including O and 5A

ooopooooopo

NEW | . &€
SDA50 |

A COM;LETE RANGE OF AE PLIFIERS FOR EVERY SITUATION
MODEL TYPE GAIN Maximum Input Level Maximum Output Level Maximum Output | Maximum Number | Trade Price
H/B L/B (before cross modulation (before cross modulation Capability (ONE | of Outlets (under + 25%
oécurs) 4 Channels (Note 1) | oceurs) 4 Channels (Note 2) | CHANNEL ONLY) | favourable con- Sales Tax
ditions) (Note 3) |if applicable
SDA-15 g%HD 15 db 15 db 60 millivolts 0.3 volt 1.5 volts 20 20.00
E
SDA-30 %, 28 db 30 db 10 millivolts 0.3 volt 1.5 volts 100 + 24.00
SDA-31 o 30 db 30 db 20 millivolts 0.3 volt 1.5 volts 100 + 81.25
SDA-50 “ 50 db 50 db 20 millivolts 1 volt 4 volts 500 111.25
SDA-50L " — 50db 20 millivolts 1 volt 4 volts 500 95.00
| SDA-50H A 50db — 20 millivolts 1 volt 4 volts 500 95.00
NOTE 1—This figure is maximum Input ON ANY ONE CHANNEL when the amplifier is opou!ing on 4 Channels, NOTE 2--This figure is
maximum output ON AN ONE CHANNEL when the amplifier |8 operating on 4 Channels. NOTE 3—The number of outlets which an
amplifier will drive satistactorily depends upoh a number of factors—signal available from the aerial, length of cable runs, etc. The
figures quoted are for favourable conditions.

ANTENNAS — AMPLIFIERS — BOOSTERS — BALUNS — COUPLERS — COAXIAL CABLE — HI-Q TRAPS — LINE TAPS — MIXERS
~ OUTLETS — SPLITTERS — WALL TAPS — ETC., ETC. =~ MADE TO RIGID GOVERNMENT APPROVED SPECIFICATIONS.

s s $4.00 I To: FERRIS BROS. PTY. LIMITED, l
rnd 1 ;
o, ‘complete. techrical ; ' 752 Pittwater Road, Brookvale, N.S.W. 2100,

guide to M A T V planning

and Channel Masterequip-
ment specifications.

[
FB5490/670
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duce the efficiency of the converter by
preventing complete saturation of the
core. If complete saturation is not
reached, switching times increase in the
converter and so increase the dissipa-
tion in the transistors.

The case is an Eddystone diecast
box type 7134/P. This case has just
adequate size and thermal efficiency for
a heat-sink, Any constructor deciding
to manufacture his own case must en-
sure that at the very least an equivalent
heat-sink is provided.

When mounting the transistors on
the diecast case, ensure the ends of the
case are quite flat and deburred over
the contact area to provide maximum
possible thermal contact. A smear of
silicone grease, or a good quality heat-
sink compound should be used. Also
deburr the edges of the diecast case
and lid so that a good seal and best
thenmal contact can be made. Again
silicone grease will improve thermal
contact and additionally provide satis-
factory waterproofing at this join.

For better thermal efficiency, the
completed CDI should finally be given
a light coat of flat black heat resistant
paint.

subject hourly to more thumping,
bumping, and vibration than most
pieces of electronic equipment would
receive in a lifetime. Therefore he
should make every connection quite se-
cure and use lock washers wherever
possible.

The method of mounting the com-
pleted CDI is best left to the ingenuity
of the constructor to tailor to his indi-
vidual car and mounting position. How-
ever, all surfaces of the case must be
left clear for air circulation and the
case kept watertight. Whatever the
method used to mount the unit remem-
ber to drill the case before commencing
the installation of components. The
method of mounting illustrated was
found to suit most situations and con-
sisted simply of two pieces of scrap
16g. extruded aluminium angle riveted
to the sides of the case.

However, regardless of the mounting
method or position, the following
points must be observed:

1. Ensure a good electrical contact
between the CDI case and the vehicle
chassis. This contact will be called
upon to provide the chassis return for

MICA 1/8" “T* SECTION we NUT
WASHER ALUMINIUM
i SCRI ARG L SPRING
- MICA
Details  of  the SLEEVE J WASHER WASHER
mounting block for

the SCR, fashioned

from a short length

of aluminium ex-
trusion.

The minor components are mounted
on a printed wiring board as shown in
the accompanying diagram. A copy of
the printed wiring pattern will be dis-
tributed to our advertisers in the usual
way, and ready-made boards should be
readily available. The printed wiring
board, the transformer, the SCR, etc.,
are mounted inside the lid of the die-
cast box, The SCR is first mounted on
a piece of aluminium “T” section —
but insulated from it— and the com-
plete assembly mounted on the lid.

The circuits and diagrams in this
article should suffice to allow construc-
tion of a satisfactory unit by any
reasonably skilled person conscientious
enough to follow the advice given.

During the building of this CDI. the
constructor is advised to keep in mind
at all times that this small unit will be

SCR MOUNTING DETAILS

both the converter current and the 30
amp. pulses of the firing circuit.

2. If the vehicle uses “ballast coil”
Kettering system, an ignition-switch
controlled, direct battery supply lead
will have to be run to the CDI unit.

In some cars (e.g., Ford Falcon), the
ballast resistor is actually a resistive
wire in the car loom. If in doubt this
simple test will determine the system
used:

(a) Ensure distributor points are
closed.

(b) Switch on the ignition.

(c) Measure voltage across battery.

(d) Measure voltage across ignition
coil primary terminals.

If the voltage read at (c) is greater
by 2 volts or more, than the voltage
read at (d), a new wire must be run.

3. Keep all wires as short as possible,

7/32"—-1 r- /32"

g
e .

N

CASE LID
(NOT TO SCALE)

|
S

A |
e s/s"—'-— 7/8" ——I ' @‘ _I-
D@ -
11/18" )

o *]

1-1/8"

2-1/18" g —I}tz,,
@’,‘.‘___ c Cc 1-3/18'
R ded
@ __.l | 15(32"

SRS

A = No. 32 DRILL AND CSK
B = No. 20 DRILL

Ce

Ne. 8 DRILL
D = 1/2" DIA, DRILL

SERS

CASE ENDS
(NOT TO SCALE)

Drilling details for the lid of the die-cast box. While useful as a guide,
constructors are advised to check hole positions against their own
sub-assemblies before drilling.
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BUY RIGHT. .. FROM ENCEL

QUALITY & VALUE
GO ARM-IN-ARM-
IN-ARM-IN-ARM

at ENCEL

\

\,/.b' wyi‘*}g
LUSTRE

TONE ARMS

ST-510 tracks at less than 1 gm.
Ball-race bearings. Head accepts all
standard %" cartridges. Fitted with
outrigger type bias adjustment . . .
stylus pressure adjusted by counter-
balance, finished in satin chrome and
anodised aluminium, Incl. sales tax

$19.50.

ST-510D. As ST-510 but fitted
with tone arm lift. Hydraulic damp-
ener ensures smooth, controlled oper-
ation, thus eliminating risk of record
damage. Incl, sales tax 50

SA-202. This beautifully finished
and functional universal tone arm lift
will fit all tone arms . . . the lower-
ing action is pneumatically dampened
and extremely smooth. Risk of record
damage may now be eliminated. Incl.
sales tax $8.50.

AFTER-STOCKTAKING

REDUCTIONS

IN ALL DEPARTMENTS

Qs70/C

ENCEL

ELECTRONICS PTY. LTD.

Head Office
431 Bridge Rd., Richmond, Victoria 3121 Tel 42 3762

Whaolesalers Tradens accepted Term

Australia’s Greatest Hi-Fi Centre
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Out of this world —
ahead and presents

Leaps
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4 £ 3 i as never before . . .

with

The all new breed UHER HI-FI AMPLIFIER

Add — on Kit pre-amplifiers Die-cast moulded aluminium chassis.
2 x 70 watt music power — 6 adjustable INPUT LEVEL controls

SIX ADJUSTABLE INPUT LEVEL CONTROLS. }‘t’ lralue I?.t,? th mcl;ﬁult l? r'u::lred t’%';:;;nvelrt Input sloc“t" 1-%‘-’3.
To assure max!mum performance from all input sources, each Input s possible w e ald of these a onal accessories, to custom
can be individually adjusted for peak performance via the V.U. build the amplifier to individual requirements,

Meter, Three microphones or three record plavers could be connected at
Adlustment is made to read O db., on the meter for each Input. the same time, or a combination of both.

INPUT SELECTOR CONTROL, PRE-AMPLIFIER ACCESSORIES.

Enables aik Input sources to be left connected. and selected at will. EVM 312 For Magnetic Pick Up Systems.

PLUG IN TYPE PRE-AMPLIFIERS, EVP 313 For Plezl-Electqlc Systems.
Three types of pre-amplifiers are avallable as accessories. Designed VM 314 For Low Impedance Dynamlc Microphones.

Technical Specifications:—

Frequency Response: Distortion:
20-20,000 cps. plus minus .1 db At 1000 Hz less than 0.29,
15-60,000 cps. to DIN 45.500 Signal to noise ratio:
Power Output: Greater than 66 db at 50 mw
2 x 35W (continuous sinewave) Dimensions:
2 x 70W music power 410 x 250 x 82 mm
Power Band Width: Weight:
Kges equals 19, 20-30,000 Hzx 7.2 KG
COMBINE in ACTION AND SOUND
with

UHER—BANDRECORDERS

with the new tape comparator drive system
Stereo Home Studio — Royal Deluxe or Variocord 263 Stereo

4000L — The most Successful Reporter Model
4200/4400 Stereo — The world’s smallest Hi-Fi Stereo Recorder
1000 Pilot ~— The world’s most advanced Lip-synch Recorder

BE SURE USE

ASK THE PROFESSIONALS AT

ATR A M PIY YOUR NEXT CHOICE

LTD.
Available from the following franchised UHER Agents:—

5 Mclaren St, North Sydney. Phone 92 4177.

hics Pty. Ltd. | N.S.W.: Photo HI-F| P! vic.:
Goorge 7

ty. Ltd,, Photosound Pty. Ltd.,
78 Llﬂ?ﬂl 3 367 Pitt Street, Sydney. e berwell,
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.$.W.: Milverson Sound Centre, e a i - : | S.A Kalli istributors (Wholesale
21, Pacitc. Highway, Chatswood. D: 252 Hay St. Perth. Tel: 21-5004. sA Piv. "Lta?."ﬁo Cawler Place. Adelalde.
1.: 41-4365. QLo.: fisﬁzs‘"ﬁl‘ﬂ&"{s’c‘“'ﬁn‘um Tei.: 23-6055 (11 lines).
N.S.W.: Gien Dor Camera Centre, Tel.: 31-!%.1. i : A.C.T.: Candberra Sound and Recording Service,
43 The gona. Manly. YIC.: Atram Pty. Ltd., 44 Lothian St., Nth. 109 Majura Ave., Dickson.
el E:lv.: 92- :03 c &delb. !'re . %29 8211. Tel.: 47-7980.
$.W.: Camera aperecorder Industries | VIC.: iapp Electronics Pty. Ltd, N.V.: N.T. Musical and Electrical (W/S)
. Led., _Piccadilly Centres Wols 224" Chapel Str Prahran: . Ltd., 84  St.. k
iongong. * Tel: 3-3528. Toi.: $1-4683. ! B T ol e it
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4, Increase all spark-plug gaps to
05in.

5. Connect the CDI according to the
circuit on page 51. The use of the
changeover plug is not essential and
may be omitted if not required.

6. If not already the case, the igni-
tion coil should be remounted with its
high-tension turret downwards. Due to
the higher voltages available with CDI,
some coils can fail internally by in-
sulation breakdown if a spark-plug lead
comes off with the engine running at

, when the coil is mounted with
turret up.

7. The unit should always be
mounted in one of the preferred posi-
tions indicated, particularly when used
in hot climates. If deep underbonnet
positioning has to be used, mount the
unit where it will receive the maximum
possible free air circulation.

In no circumstances must this unit
be mounted directly on the engine itself
or exposed to the direct radiated heat
of the vehicle exhaust system.

8. Examine all the engine high-
sion wiring, and replace any damaged
cracked, or penshed wires. The wider
plug gaps and higher spark voltages
will soon such weaknesses with

PREFERRED MOUNTING
POSITIONS

Recommended mounting posi-
tions for the CDI system, de-
signed to provide maximum
flow of cool air around the case.

subsequent annoymg intermittent mis-
firing.
Dmtovhcmuchfastermetimc(ls-
20uS) of CDI compared to the Ketter-
ing (50-60uS) spark voltages, some
engines exhibit a characteristic some-
times referred to as “lean fuel surge.”
This appears to be due to the small
additional advance in ignition timing at
higher speeds. (A six-cylinder engine
would receive approx. 14 degrees extra
advance at 6000rpm) If the ignition
timing of the engine was already at
maximum tolerable advance, say due to
maximum static timing settmga, or per-
haps a maximum manufaﬂurmz toler-
ance in the automatic advance dis-
tributor mechanism, this additional ad-
vance can make the engme run errati-
cally on the leaner cruising fuel mix-
tures. The effect is felt as a slight
“surging” motion when cruising that
disappears on a trailing throttle or
under acceleranon It may be elimi-

T e e
set to« es,

ly resv.xlt.mgmasmootlm'degre into the
bargain.

One unpredicted side effect noted
with this CDI, was the lack of any

need to fit ignition noise suppressors.
In fact in a number of cases car radio
interference was less with wire HT
leads and CDI, than it had been with
normal 1gnmon and a full suppression
kit and TVRS HT leads.

In one case, however, a 3KHz
whistle appeared in the car radio after
CDI was fitted. This turned out to be
due mainly to two things. Firstly, the
CDI battery supply point had been
taken from the same fuse used to sup-
ply the radio, and secondly the CDI
supply lead was unnecessarily long.
The lead was shortened, separate sup-
ply point provided, and a standard
0.1uF metal clad interference capaci-
tor fitted close to the CDI unit, on this
battery supply line.. The problem was
cured completely.

An interesting fact.. Any available
6V, 12V or 24V coil will provide ade-
quatc performance with CDL Very
handy if a failure of a coil should
occur somewhere in the “Back-blocks,”
and the small country store only hap-
pens to have “a coil what's for some
tractor or t'other.”

While not tried by the author, it is
suggested that operation of this CDI on
6-volt systems should be successful if
the following changes are made:

1. Increase the heat-sink area. (Use
the next size diecast case.)

2. Reduce the 13-turn primary wind-
ings of T1 to a figure of 7 turns of 20-
gauge wire,

3. Reduce R1 and R2 to 10 ohms
each

4. Reduce R3 to 270 ohms.

5. Reduce R6 to 12Kohms for
C20D-type SCR.

6. Due to the higher transistor dis-
sipation the mounting positions shown
in the diagram must be used.

Editorial comment: As we go to
press it appears that there is a temp-
orary shortage of Mullard FX2242 core
sections. As nearly as we can determine
at this time delivery is expected about

the third week in September. However,
there are adequate stocks of the Delrin
former (DT2180) and associated hard-
ware. This means that the winding
operation can be completed without
delay and the core sections fitted when
they become available. =

ALWAYS RELY ON R.D.S.

SPECIALS

H200 meter 20,000 ohms
per volt. $11.50 nett. CY500
meter 20,000 ohms per volt

large scale $14.37 nett.
The Independent Wholesall

US100 JEMCO precision
meter reads all ranges plus
10 amps current AC/DC
$29.90 nett. Pkts of dual
potentiometers good value.
$1.00 ea. nett. All types of
condensers, resistors stylii
available.
Radio and Electrical Distributors
869 GEORGE STREET,
SYDNEY.
Corner George and Harris Streefs
Telephone 211.0816, 211-0191
Open Saturday mornings

* Binoculars
* Weather Equipt.

| Please send me your
| Name A A

* Microscopes
* Star Charts, Books,

I 11B Clarke Street, Crows Nest, Sydney 2065 Ph 43 4360 |

FRE

WEATHER STATION «—— UNITRON — TELESCOPE

Telescopes for every purpose

* Optical Kits
Globes

S RSN SIL l, Spat L S L BERC ) G e B T W i S o

( For further information: come, phone or send this coupon \

: AMATEUR ASTRONOMERS SUPPLY CO. !

E

informative catalogue l

| Address
|
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have lotsof SCR’s

and diodes
Now tell me something
specific about them.

O.K.So STC

Here's the gen:

STC have large stocks of NEC diodes and SCR's
ready forimmediate delivery. And here's what you
want to know about our most popular devices.

Call or fill in the coupon for further details.

Call or Telex (collect) your order to STC
Components Division.

Phone Sydney 602-1477, 602-1533, 602-1439;
Melbourne 480-1255; Brisbane 47-4311;
Adelaide 51-3731; Perth 21-6461.

Or Telex Sydney 20328.

Y634
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SCRs MAXIMUM RATINGS 30 Amp RMS
2SF 2SF 2SF 2SF 2SF 2SF 2SF | 2SF | 2SF .
STANDARD ITEM | Symbol | 55| 334 | 3sa | 38a | 210 | 210a | 727 | 728 | 720 |Unit
— |2SF 762 |2SE763 |2SE 764 |28F 765 |28F 766 | — | — | = | =
HIGHSPEED ITEM = |33F 78| 35 Te3a 23 eia B3k Teaa B0k TeeAl = | = | = | =
*Non Rep. P.R.V. Viiiroe 150 300 400 500 600 720 1000 | 1200 | 1500 | V
*Rep. P.R.V. Vi 100 200 300 400 500 600 800 | 1000 | 1200 | V
*Rep. P.F.V. Veom 100 200 300 400 500 600 800| 1000| 1200 | V
: 10 (T, = 50°C  FN12 H. Sink
Avg. Rect. Current | 1o A 5 A
19 (T, = 45°C), 30 Ar.m.s.
SCRs MAXIMUM RATINGS 17 Amp RMS
sovowes en (oo (B % | % 1% | [ [ | o
— | 2SF 752 | 2SF 753 | 2SF 754 | 2SF 755 | 25F S Reaiorsis e [N
HIGHSPEED ITEM T | 38R 73a| 33K 733a|38F T2aa | 23F 30| 38F M| = | = | = | =
*Non Rep. P.R.V. Vihricos 150 300 400 500 600 720 1000 | 1200 | 1500 | V
*Non Rep. P.R.V. Vau 100 200 300 400 500 600 800| 1000 | 1200 V
*Rep. P.F.V. Veou 100 200 300 400 500 600 800 | 1000 | 1200 | V
0 (T, = 50°C FN ink
Avg. Rect. Current | Io Lo e s e A
11 (T. = 25°C) 17 Ar.m.s.
SCRs MAXIMUM RATINGS 10 Amp RMS
Item Symbol | 2SF 660 | 2SF 661 ?SF 662 2SF 664 Unit
*Non Rep. P.R.V. Vasirge 75 150 300 600 v
Rep. Pk-Fwd. Blocking Voltage Veom 50 100 200 400 A"
Repetitive P.R.V. Vau 50 100 200 400 v
Avg. Rectified Current s 3-519':':":"'° FNI11 H. Sink——— A
*GATE CIRCUIT OPEN.
UJTSs pianar Tvee maximum RATINGS TRIACS MAXIMUM RATINGS
Peak Block Voltage| V, 400 400 "
Power Dissipation P 200 300 mw s . Lo
onduction
Emitter Rev. Voltage | Vi 30 30 v i Trnes 6 10 A
Interbase Voltage Vis 25 30 v Surge Current |w'9' 50 70 A
Peak Emitter Current| ley 1 1 A Peak Gate Power Peu 5.0 w
Emitter Current lg 50 50 mA Junct. Temp. T +100 °c
Junction Temp. T "+ 150 + 150| °C
Storage Temp. Ty |- 40~ + 150 |- 40~ + 150 | °C
g FOR FULL DETAIL & FREE REPLACEMENT
st GUIDE PLEASE FILL IN COUPON

Company.........
Address.

Please send me information on

................................................................ Posteode:: i

Components Division
Standard Telephones & Cables Fty. Limited
Moorebank Avenue, Liverpool, N.S.W, 21
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Fundamentals of

SOLID STATE

l

Chapter 15

Devices and their fabrication — refining the raw semicon-
ductor materials — zone refining and float zone melting —
‘growth of monocrystals — sawing into wafers — passivation
— epitaxial deposition — selective diffusion — photolitho-
graphy and oxide masking — multiple diffusions — contact
metallisation — probe testing, scribing, cleaving, die and
wire bonding — encapsulation and classification.

From the discussion of each of the
various types of semiconductor device
treated in the foregoing chapters, it
may be apparent that the characteristic
behaviour of each device type is very
much a function of its particular con-
figuration of semiconductor regions and
junctions. Hence it is generally true
that every device of a given type has
the same basic configuration, this con-
figuration in each case being very sim-
ilar if not identical with that which we
have used to explain basic device
operation.

In dealing with each type of device,
we have until now simply assumed the
existence of its particular configuration
of regions and junctions. This has
a justifiable assumption, because a dis-
cussion of actual device fabrication is
not only unnecessary, but also largely
irrelevant in a treatment of basic de-
vice g{)e'rati'on and applications. It is a
fact also that most of the techniques
and processes involved in device fabric-
ation are common to all modern semi-
conductor devices, so that rather than
treat these in a piecemeal and dis-
tributed manner, it is really more ap-
propriate to accord them a separate
and unified discussion.

A very suitable place for such a dis-
cussion of device fabrication is pro-
vided in this treatment by the present
chapter. At this point the discussion
can at the same time both round out
the treatment of discrete devices given
in the preceding chapters, and also pro-
vide most of the foundation concepts
necessary for an transition to the
discussion of microcircuits to be given
in subsequent chapters, Accordingly,
the chapter will be directed towards
providing the reader with a brief but
useful introduction to fabrication tech-
niques and processes.

As one might perhaps expect from
earlier chapters, the first step in semi-
conductor device fabrication involves
the preparation of extremely pure semi-
conductor material.

Because the performance Of most
semiconductor  devices is  highly
dependent upon the actual impurity
doping levels and gradients which are
ultumately present in the various device
regions, these doping levels and
gradients must of necessity be tightly
controlled and reliably maintained. To
allow this to be achieved, it is generally
essential that the semiconductor mate-
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rial used for device manufacture is in-
itially purified such that it becomes vir-
tually “intrinsic” material.

It may be recalled from chapter 3
that this involves the reduction of total
impurity concentration in the material
to less than one part in 10° — or in
more familiar terminology, refinement
to a level where material is
99.9999999% pure.

This degree of refinement is consid-
erably beyond that which could be
achieved using the traditional physical
and chemical methods available when
the “semiconductor revolution” began in
1948 with the discovery of the bipolar
transistor. Accordingly, the developing
semiconductor industry has been forced
to develop its own specialised refine-

GERMANIUM
INGOT

RF INDUCTION
HEATING COIL

(FIXED)
MOTION
S

\

QUARTZ OR
GRAPHITE
“BOAT"

MOLTEN ZONE

(a) ZONE REFINING

Figure 15.1

ment techniques, which are used to
perform further extensive purification
after the ‘raw” semiconductor mate-
rials have been refined to the limit of
traditional techniques.

One of the earliest of these special
refinement techniques to appear was
the zome refining technique devel
in 1954 by W. G. Pfann of the Bell
Laboratories. This technique is still
used for the refining of germanium ma-
terial, and is illustrated in basic form
in the diagram of figure 15.1 (a).

As may be seen the process involves
the placing of an ingot of chemically
pre-refined germanium in a long cru-
cible or “boat” of either graphite or
quartz, which is then moved slowly
and repeatedly in a horizontal direction
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by Jamieson Rowe

through the load coil of an RF in-
duction heater. The rate of motion is

j so that the portion of the
ingot within the RF heating coil is
maintained in the molten state, in
effect creating within the ingot a zone
of molten metal which is caused to
sweep repeatedly in one direction along
the entire length.

How does this operation reduce the
impurity content of the ingot? The
answer to this lies in an interesting and
most fortuitous effect known as segre-
gation, wherein virtually all of the im-
purities which contaminate the com-
monly used semiconductor materials
prove to be less soluble in the solid
phase of the host semiconductor mate-
rial than in the liquid phase. The semi-
conductor material which is re-crystal-
lising from the liquid phase thus tends
to contain a lower impurity concen-
tration than any remaining liquid, be-
cause the differential solubility results
in a tendency for the impurity atoms to
remain in the liquid.

Because of the segregation effect, the
“sweeping molten zone” t to ac-
cumulate the impurities from the ingot.

n TOP MOUNTING
ROTATION CHUCK

TOP OF SILICON
IN

i Got
By QUARTZ TUBE
(EVACUATED, OR

FILLED WITH
INERT GAS)

MOLTEN ZONE

SN
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N
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OF INGOT
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(b) FLOAT ZONE REFINING

It thus behaves rather like a small
magnet drawn through a mixture of
non-magnetic powder and iron dust. If
the operation is stopped after a number
of passes through the RF heating coil,
with the molten zone at one extreme of
the ingot, it is found that almost all of
the impurities in the cooled ingot are
concentrated at the end which finally
solidified. This portion may then be cut
off, leaving the remainder of the ingot
in a highly refined state.

It is possible to repeat the zone refin-
ing process almost indefinitely, &ach
time producing material having a lower
impurity concentration. However, in
practice economic considerations dic-
tate that the process is continued only
until the impurity concentration is re-



duced to a level sufficient to allow ade-
quate control over ultimate device per-
formance. As chemical tests are not
capable of showing when the required
degree of refinement has been reached,
the indicator used to determine this is
the rising electrical resistivity.

For a variety of reasons, the zone
refining process in the form illustrated
in figure 15.1(a) is not suitable for the
refinement of silicon material. Silicon
has a higher melting point than germa-
nium (1420°C vs. 960°C), and tends to
react strongly with both the atmo-
sphere and a graphite crucible at tem-
peratures near the melting point. On

the other hand it is also incompatible
with a quartz crucible, because “wet-
ting” causes adhesion between the two,

Figure 15.2: A germanium monocrystal boule being

refine the semiconductor materials for
‘device fabrication using the foregoing
techniques, the highly refined material
obtained is not normally used in this
state for device manufacture. Rather, it
proves convenient to dope the material
following refinement with carefully
controlled quantities of a donor or
acceptor impurity, to obtain uniformly
doped N-type or P-type material hav-
ing a known resistivity.

This preliminary doping process is
generally performed during the next
main fabrication step, which is the
operation of crystal pulling. Here the
semiconductor material is converted to
a large single crystal or “monocrystal,”
having a consistent lattice structure
throughout.

“pulled” from

the melt, by the Czochralski technique, at left, while at right is a
silicon boule grown in a similar fashion. (Courtesy Delco Radio,

Fairchild

and this causes a problem due to the
difference in temperature coefficients
of expansion.

Because of these problems, silicon
refining is performed using a modified
zone refining technique developed by
H. C. Theuerer of Bell Laboratories.
This is the ingenious float zone tech-
l(l;qt.w, which. is illustrated in figure 15.1

).

As may be seen, the float zone tech-
nique obviates the need for a crucible,
by supporting the silicon ingot vertical-
ly between two rigidly separated
chucks. The chucks are located at the
ends of a large quartz tube which
forms a protecting chamber around the
ingot, this chamber being either evac-
uated or filled with an inert gas. The
entire assembly of chucks, ingot and
protecting chamber is then moved
slowly up and down through the RF
heating coil, to produce the same
“sweeping molten zone” effect as be-
fore.

In this arrangement the molten zone
is supported solely by its own surface
tension, the length of the” zone being
adjusted carefully to ensure that it does
not collapse. Although the ingot is ro-
tated during the refining process by
means of the chucks, to ensure even
heating and thorough segregation, this
is done very slowly to prevent disturb-
ance of the molten zone.due to centri-
fugal effects. As a further precaution
the ends of the ingot are rotated in
opposite directions,

Although it is initially necessary to

Australia.)

It is essential that semiconductor
material used for device fabrication be
in the monocrystalline form, because
in a multi-grain crystal structure the
lattice discontinuities formed by the
crystal grain boundaries produce
spurious effects which completely
swamp out the mechanisms responsible
for normal device operation.

Germanium ingots produced by the
zone refining process are generally in a
polycrystalline form, and it is therefore
essential that the further process of
crystal pulling be used to convert the
material into a monocrystal. In con-
trast, the silicon material produced by
the float zone process is already in mo-
nocrystalline form. However, this mate-
rial is usually also subjected to the
crystal pulling process, if only to
achieve the required pre-doping.

The crystal pulling process was
developed by J. C. Czochralski. It in-
volves the melting of the refined semi-
conductor material in a quartz crucible
by an RF induction heater, which then
maintains the melt at a temperature
slightly above the melting point. A
small single crystal of solid material is
then introduced into the top of the
melt, in a suitable crystalline ori-
entation, and then slowly withdrawn.
The crystal acts as a recrystallisation
centre or ‘“seed,” and progressively
grows into a large monocrystal. This
may be seen in the photographs of
figure 15.2. °

The pre-doping of the material is
achieved by adding a “pill” of pure do-
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pant material to the melt prior to the
crystal pulling operation. To ensure
uniformity of doping in the final mo-
nocrystal, the melt is gently stirred just
below the crystallising level, by slow
rotation of the seed crystal during the
pulling operation. The doping concen-
tration in the liquid melt is deliberately
made higher than that required in the
final monocrystal, to allow for the
segregation effect.

In general two levels of doping are
used in the pre-doping process, each
producing material intended for the
fabrication of devices with particular
characteristics. A relatively heavy dop-
ing level is used to produce low resis-
tivity material (in the order of .005
ohm-cM), which is used in the fabric-
ation of the so-called “epitaxial” de-
vices to be described shortly. Con-
versely, a relatively light doping level is
used to produce the high resistivity ma-
terial (from 0.5 to 50 ohm-cM) used in
the fabrication of non-epitaxial devices.

" The monocrystal “boules” of doped
semiconductor material produced by
the crystal pulling process form the
basic material from which most semi-
conductor devices are made. Typically
a boule measures from 1%in to 2%in in

A silicon boule

compared with. the wafers cut

from a similar crystal. (Cour-
tesy Mullard-Australia.)

Figure 15.3:

diameter, and from 6 to 9 inches long;
from it may be made many hundreds
of thousands of individual devices.

In the relatively few years since
semiconductor devices were first pro-
duced on a commercial basis, many
different alternative techniques have
been used to fabricate semiconductor
devices from the prepared boules of
doped semiconductor material. These
techniques have tended to produce a
wide variety of different ‘“versions” of
most of the semiconductor devices
which we have examined in -earlier
chapters.

Unfortunately no attempt can be
made in this chapter to even briefly
describe many of these techniques and
device variations. To do so would in-
volve considerable space which could
scarcely be justified, because many of
the techniques and devices are now re-
garded as obsolete and of purely
historical interest.

The fact is that in recent years, one
particular group of techniques
emerged as that most capable of ach-
ieving low cost, high-yield fabrication
of reliable, high performance devices.
This group of techniques has virtually
eclipsed all others, and is now used
almost universally for the fabrication
of low and medium power discrete de-
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IMPORTED COMPONENTS-Offer the largest range of Semi-
conductors avdilable in this country.

A wide range of devices from the following manufacturers: AWV, Fairchild, G.E., |.T.T., Motor-
ola, Philips, RCA, Texas, available from stock. Please enquire for any not shown.

2N3638
2N3638-A

State

5.46
4.10
1.07
3.77
4.32
2.66
3.84
2.88
2.36
2.13
1.50
1.74

2N3643

2N3705
2N3706

77 | 2N3707

2N3731
2N3819
2N3826
2N3827
2N4036
2N4121
2N4250
2N4354
2N4355
2N4356
2N4360
2SB474
3N140
AB110
AB1 10&
AB1136
AC107
AC125
ACI126
AC127
AC127/128
AC127/132

M oam W SR e M e W AN W SR M G e am

ORDER FORM

AS300 0.77 | AY8109 (AY8104) 3.00 | OA10
AS301 0.80 | AYB112 6.75 | OA47
AS306 0.81 | AY8113 6.08 | OA90
AS307 0.81 | AY8114 4,72 | 0A91
AS308 0.81 | AY8115 2.25| OA95
AS310 0.81 | AY8116 1.80 | 0OA202
AS311 0.77 | AY8117 9.15| OA670
AS312 0.77 | AY8135 5.40 | OA675
AS8313 0.81 | AZ069 0.51 | OC20
ASY73 2.12 | BA100 0.44 | OC22
ASY76 2.10 | BA102 1.46 | OC23
ASY717 1.83 | BA114 0.39 | OC24
ASY80 1.68 | BA122 0.53 | OC44N
ASZ15 2.81 | BC107 0.83 | OC45N
ASZ16 3.03 | BC108 0.76 | OC74
ASZ17 2.60 | BC109 0.91 | 2-OC74N
ASZ18 2.91 | BC147 0.76 | OC75N
ASZ20 0.98 | BC148 0.68 | OC140
ASZ21 2.16 | BC149 0.79 | OC141
AT316 0.68 | BC157 0.89 | 0OC201
AT318 .68 | BC158 0.76 | 0OC202
AT319 0.69 | BC159 0.89 | OC915
AT321 0.69 | BC177 0.91 | SD55
AT322 0.63 | BC178 0.84 | SE1001
AT323 .68 | BC179 0.92 | SE1002
AT324 0.68 | BC186 0.79 | SE1010
AT325 0.83 | BCY10 2.59 | SE2001
AT331 1.02 | BCY11 3.24 | SE2002
AT337 0.75 | BCY12 3.14 | SE3030 (AY8112)
AT338 1.50 | BCY39 5.19 | SE3031 (AY8112)
AT341 0.69 | BCY71 2.05 | SE3032 (AY8113)
AT350 1.14 | BCZ10 1.95 | SE3033 (AY8114)
AT355 0.98 | BCZ11 2.37 | SE3035 (AY8114)
AT356 0.75 | BCZ12 2.16 | SE4001
AT1138 2.66 | BDY20 3.51 | SE4002
AT1138A 3.84 | BDY38 2.59 | SE4010
AX1101 1.53 | BF115 87¢ | SE5001
AX1103 1.70 | BF145 64c | SE5002
AX1104 1.86 | BF167 1.08 | SE5003
AX1107 1.37 | BF173 1.15 | SE5020
AX1108 1.86 | BF177 1.63 | SE5023
AX1127 1.50 | BF178 1.80 [ SE5025
AX1130 1.50 | BF179 .04 | SE6001
AX1131 1.70 | BF180 1.80 | SE6002
AX1132 1.50 | BF184 0.72 | SE7001
AX1142 1.20 | BF185 0.72 | SE7002
AX1143 1.58 | BF194 0.67 | SE7010
AX1144 1.44 | BF2 1.32 | SE7020
AX1166 1.37 | BFYS51 5.19 | SE8001
AX1284 1.41 | BSX19 2.16 | SE8002
AX1285 1.28 | BSY11 843 |ST2
AX1298 1.37 | BY126/200 0.48 | T1C31
AX1304 1.44 | BY126/400 0.56 | T1C44
AX1305 1.49 | BY126/500 0.63 | T1C45
AY1101 0.68 | BY127/800 0.78 | TIC46
AY1102 1.04 | BZX70 Series 1.95
AY1103 1.35 | BZY88 C3V3 to C11 0.83 | T1C47
AY1104 1.35| BZY88 C12 to C30 0.98 ) T1837
AY1108 1.65 | BZY94 (Obsolete) 0.98 | T1S43
AY1110 1.50 | BZY95 Seri 2.16 | T1S68  Pair
AY1112 0.69 | BZY96 Series 2.16 | TIS88
AY1113 0.69 | BZZ14 to 29 2.37 | 40250
AY1114 0.60 | C106Y1 2.10 | 40360
AY1115 .60 | D13-T1 1.95 | 40361
AY1116 0.68 | MBOS 1.88 | 40362
ﬁzi}g g.:: MB1 2.03 | 40406
.60 | MB3 2.65 | 40407
AXie 058 [ MBSs 3.39 | 40408
AY6108 1.65 | MIE2955 4.55 | 40409
AY6109 1.65 | MJE3055 3.06 | 40410
AY8108 (AY8103) 3.75 | OAS 0.65 | 40411
- . 1
[ ]
2 |

To IMPORTED COMPONENTS, P.0. BOX 1633P
 G.P.0., MELBOURNE. 3000.

Please supply items indicated thus {:]

I enclose cheque/postal note—-money order. Goods forwarded freight free.

L----------ﬂ--------—-----

......................................
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0.87
0.65
0.32
0.33
0.39
0.75
1.68
0.60
6.38
3.03
3.80
345
L11
111
0.96
1.92
1.49
1.95




vices of each of the types described in
earlier chapters. Not “::;ldy this, but the
same techniques are in the manu-

facture of most integrated micro-
circuits, being in fact the wi tech-
niques whi made possible the

development of these devices.

Accordingly it is these techniques,
and the versions of each of the various
types of device produced by them,
which will be described in the remain-
der of this chapter. Interested readers
will find desa-i?tions of many of the
older and now little-used techniques in
the established texts, together with
descriptions of the corresponding ver-
sions of the various types of device,

Throughout the description, silicon
material and devices will be assumed,
as this material is currently used for
the vast majority of devices in com-
mercial production. In many cases the
techniques used for germanium and
other materials are similar to those
described, although some techniques
used with silicon are not directly appli-
cable to other materials.

Currently the first step in preparing
a monocrystal boule for device gbrie—
ation is to slice it transversely into
dozens of thin wafers, using a diamond
saw. The thickness of the wafers is
t);picn.lly about 15 mils (.015in), or
375uM (microns); one mil bemg equal
to 25uM. A typical boule and some
wafers are shown in figure 15.3. Bach

L

Figure 15.4: Silicon wafers
being removed from an epitaxy
reactor after deposition and
passivation. (Courtesy Fairchild
Australia.)

wafer ultimately becomes a complete
two-dimensional array of indivit de-
vices, which are subsequently separated
and individually packaged.
After slicing, one surface of each
er is lapped and polished to a mir-
ror finish. It is this surface of the wafer
which is treated to produce the “active”
regions of the device array, and the
mirror finish is necessary to ensure pre-
cision duri thé wvalious processes.
After the polishing process the wafers
are subjected to a chemical etch which
removes all traces of sawing and
polishing lubricants, and leaves the
wafer in an extremely clean condition.
Its thickness is now typically between 5
and 10 mils. i
At this stage of the fabrication pro-
cess, the lightly doped high resistivity
wafers intended for non-epitaxial de-
vices are simply subjected to the pro-
cess of passivation. This involves the
growth of a protective coating of inert
material over the surfaces of the wafer,
both to protect it from contamination
during handling, and to prepare it for
uent processing.
Typically the passivation coating is

composed of silicon dioxide (quartz), or
silicon nitride. The former is generally
grown on the wafer by heating it to a
temperature of 250°C or higher in an
atmosphere containing either saturated
water vapour, hydrogen peroxide
vapour or pure oxygen, An alternative
procedure involves heating the wafer to
a temperature of between 900 and
1350°C, in an atmosphere containing
hydrogen and carbon dioxide.

The heavily doped low resistivity
wafers intendyed for epitaxial device
fabrication are not passivated at this
stage, but are instead subjected to the
process of epitaxial deposition. In this
process, a thin layer (typically from §
to 20uM) of lightly silicon is
grown on the polished surface of each
wafer, in such a way that the
structure of the layer is aligned with,
and virtually an extension of, that of
the wafer itself. Each wafer is thereby
provided with a high resistivity region
surmounting the original low resistivity
substrate, without disturbance to its
monocrystalline structure, 4

The process of deposition is per-
formed in an “epitaxy reactor,"peso
named because in order to ensure re-

(TOP OF WAFER)

RESISTIVITY)
MATERIAL

.005-.010in.

RESISTIVITY)
SUBSTRATE

$i02
PASSIVATION

NON-EPITAXIAL WAFER Figure 15.5

liable epitaxial growth of the new ma-
terial on the wafers, it is necessary to
u.n:é\tfe for the silicon to be formed
directly at the wafer surface by a ther-
mally triggered reaction between
vapours.

In the reactor, RF induction heating
is used to heat the wafens themselves to
around 1200°C, while the remainder of
the reactor is maintained at a relatively
low temperature, Dry hydrogen gas is
then passed thr the reactor for a
short period, to ically reduce any
silicon dioxide which may be present
on the wafer surfaces. Following this a
carefully adjusted mixture of va
is passed , whereupon silicon
material of the desired doping concen-
tration is formed directly upon the hot
wafer surfaces, This process is contin-
ued until the epitaxial layer grows to
the desired depth.

Typically the principal vapour con-
stituents used for epitaxial deposition
are hydrogen and either silicon tet-
rachloride or silane (silicon tetrahy-
dride), which react together at the hot
wafer surface to produce the silicon it-
self. Doping of the epitaxial layer is
performed by adding minute qhuantities
of such dopant vapours as phosphine
(phosphorous  trihydride), diborane
(boron hydride), or arsine (arsenic
trihydride).

Immediately following the epitaxial
deposition process the wafers are passi-
vated, again both to protect them from
contamination during handling, and to
prepare them for subsequent process-
ing. Only after the passivation is com-
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plete are the wafers removed from the
igisaxy reactor, as illustrated in figure

At this stage of the fabrication pro-
cess the wafers for epitaxial and non-
epitaxial devices have cross-sections as
shown in figure 15.5. In both cases it is
at the top of the wafer, and within the
lightly doped high resistivity material,
that the various ional areas of the
devices formed from the wafer are pro-
duced in the subsequent processes.

The presence of the heavily doped
low resistivity “substrate® region in the
epitaxial wafer provides the means
whereby a very low resistance con-
nection may be provided to the lowest
functional region of each device fabi-
cated from this type of wafer. Hence
this type of wafer is used in preference
to the non-epitaxial type wherever such
a u\;:g low resistance connection is re-

q .

An example is bipolar- transistors
designed for switching applications,
where the use of the epitaxial structure
gives the devices a very low series col-
lector resistance, and a correspondingly
low saturation voltage, Vce(sat).

The various functional regions of the

(TOP OF WAFER)

- _L EPITAXIAL LAYER
e 5.20uM
.0002-,0008in.)

EPITAXIAL WAFER

devices to be fabricated from the sili-
con wafers are currently produced by
means of a series of selective diffusion
processes. These processes involve the
diffusion of dopant atoms into the crys-
tal lattice from a concentrated vapour
surrounding the wafers, in selected pat-
terns controlled by “windows” formed
in the silicon dioxide passivation layer.

Selective diffusion is made possible
by the two mechanisms of dopant
diffusion and oxide masking.

Dopant diffusion is a' mechanism
wherein the atoms of an impurity ma-
terial, like the carriers in an excited
semiconductor lattice, tend to diffuse
themselves evenly throughout a me-
dium, moving away from regions of
high concentration and towards regions
of low concentration, Hence if a
high concentration of dopant atoms is
created at the surface of a heated semi-
conductor crystal, for example by pas-
sing concentrated dopant vapour over
the crystal, the dopant atoms will be
found to diffuse into the surface of the
crystal,

Not surprisingly, the rate at which
the dopant atoms diffuse into such a
crystal depends upon the dopant
concentration produced at the ace,
relative to the doping concentration al-
ready present in the crystal. In other
words, the diffusion rate is proportional
to the concentration gradient. It is also
proportional to the temperature of the
system, proceding more rapidly as the
temperature is raised, The dopant dis-
tribution produced by diffusion is expo-
nential in shape, decaying from the
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The Greatest Name-
The Greatest Range in

High Fidelity

Axiette 8

Forty years of experience in the Audio
Industry are at your service at
Goodmans.
Whether you prefer to build your
own loudspeaker enclosure, to have
it made for you, or whether you want
a loudspeaker system complete —
Goodmans is the name to look for.
High Fidelity Loudspeakers from
8”to 15", Treble and Mid—range units,
crossovers and other components
to go with them on the one hand,

~ Axiom 10

Marimba Mezzo 11

Axiom 301

or complete systems from the famous
mini Maxim to the studio — quality
25 watts Magnum—K on the other.
See what a choice is yours — send
for your free copy of the 28 page
Goodmans High Fidelity Manual
which comes complete with cabinet
drawings and interesting articles about
Stereo and High Fidelity, and includes
full details on Goodmans High Fidelity
Amplifiers and Radio Tuners — or call
in at your Goodmans dealer.

Magnum-K

Audiom 81

Please send me a free copy of the
Goodmans High Fidelity Manual

1 1211 e TN SRt

Address ..

Sole Aust. Agent: British Merchandising Pty. Ltd., 49-51 York St., Sydney. Phone 29-1571

64

ELECTRONICS Australia, August, 1970



surface at a rate proportional to the
temperature and duration of the diffu-
sion process.

The diffusion mechanism is poten-
tially a very useful one, providing as it
does a means whereby dopants may be
introduced into a semiconductor crystal
to form regions of any desired type ad-
jacent to the crystal surface. This
should become apparent shortly.

The second important mechanism
which makes possible the process of se-
lective diffusion is oxide masking. This
is based on the happy fact that silicon
dioxide, even in a&g form of a thin
layer, is virtually “opaque” to almost all
of the impurities normally used as sili-

areas corresponding to the desired dif-
fusion “windows,” the plate having
been prepared by a high-reduction
photographic step-and-repeat process
such that it carries an array of many
thousands of tiny identical images of a
master pattern.

Following this exposure, which is
shown in diagram (b), the photoresist
is developed and the unexposed photo-
resist etched away. This leaves the de-
sired “window” patterns as exposed
areas of the silicon dioxide passivation,
as in (¢). The wafer is then immersed
in a silicon' dioxide etchant, such as
hydrofluoric acid, which etches away
the exposed passivation, leaving the

con dopants. wafer as shown in diagram (d). Re-
ULTRA VIOLET RADIATION B i
Lo b DTt EXPOSED Yooy
R * * ' ¥ ¥ ' ¥y PHOTORESIST\

4 |
PR OSSP ARSI S —‘ \
’ CONTACT ’ sio
/// e f/ ;

(EMULSION

DOWN) /

(a) WAFER COATED (b) EXPOSURE TO U.V, RADIATION (e) ETCHING AWAY OF

WITH PHOTORESIST

WINDOW DUPLICATED
IN SiO7 LAYER

(d) ETCHING OF SILICON
DIOXIDE MASK

Figure 15.6

The fact that silicon dioxide is
“opaque” to the dopants means that the
silicon dioxide layer grown onthe
surface of the silicon wafers for passi-
vation purposes can also be made to
serve as a mask to control the dopant
diffusion process. Hence the diffusion
may be restricted to those areas on the
wafer intended to become the active re-
gion of the individual devices, simply
by etching away corresponding areas of
the passivation layer using a photolitho-
graphic process.

The way in which the techniques of
photolithography and selective diffusion
are combined to convert the silicon
wafers into arrays of completed devices
will now be briefly described, with ref-
erence to the diagrams of figure 15.6.

The wafer is first given a thin coat-
ing of photoresist, as shown in diagram
(a). The photoresist is a photosensitive
material which, when exposed to ultra-
violet light, becomes capable of resist-
ing the etchant used for dissolving the
“windows” in the silicon dioxide layer.
The photoresist is applied as a drop of
liquid to the wafer, which is then ro-
tated rapidly in the horizontal plane to
ensure even coating.

After drying, a contact printing plate
is rigidly clamped to the sensitised
surface of the wafer, and the assem'l:xl{
exposed to ultraviolet light, The emul-
sion of the printing plate has opaque

THROUGH PRINTING PLATE

(e) DOPANT DIFFUSION
FOLLOWING REMOVAL
OF EXPOSED PHOTORESIST

UNEXPOSED PHOTORESIST

DOPANT VAPOUR

(f) REPASSIVATION

moval of the exposed photoresist
material then leaves the wafer with
the silicon dioxide layer completely
formed into the precision mask requir-
ed for selective diffusion,

The diffusion process itself, illus-
trated in (e), is performed in a tubular
electric furnace, at a temperature
between 900 and 1300°C. The wafers
are introduced into the furnace in a
quartz “boat” crucible, and, after the
temperature has stabilised, a carefully
controlled mixture of dopant and inert
“dilutant” vapours is passed through
for a predetermined period.

Typical active vapours used for
donor diffusion are phosphorous pent-
oxide and ammonium phosphate, while
acceptor diffusion is usually performed
using boron trichloride vapour. The
inert dilutant vapour is either nitrogen
or helium. Figure 15.7 shows silicon
wafers being loaded into a diffusion
furnace.

Often the diffusion process consists
of two distinct phases. In the first and
shorter phase, known as pre-deposition,
dopant material is deposited through
the silicon dioxide “windows” on to the
surface of the wafer, as a thin solid
film. This typically takes about 30 min-
utes. Then in the second phase, known
as baking, the wafers are maintained at
a constant high temperature while the
dopant atoms diffuse into the silicon.
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This may take from 3 to 20 hours.

The depth and concentration of the
diffusion is readily controllable by
manipulation of conditions during the
two phases. Thus a shallow but highly
doped diffusion region is produced in
the wafer if a high dopant vagom
concentration is used in the first phase
to produce a relatively thick pre-
deposition film, and then baking for
relatively short time. Conversely a deep
but lightly doped region may be’ pro-

duced by using a relatively dilute
vapour concentration in the pre-
deposition phase, and baking the

wafers for a relatively long period.

As may be seen in figure 15.6(e), the
semiconductor region formed beneath
each “window” in the diffusion mask
actyally extends bfgond the edges of
the “window” itself. This occurs be-
cause the concentration gradient “seen”
by dopant atoms upon entering the
crystal extends both lateral?r and verti-
cally, and thus causes diffusion to
occur in both directions. To allow for
this effect it is necessary to arrange
that the master pattern and the opaque
areas in the contact printing plate are
somewhat smaller than the final area
required for the diffused regions.

The final step in the selective diffu-
sion process is repassivation, shown in
figure 15.6(f). Here a new layer of sili-
con dioxide is grown on the wafers,
both to cover and protect the wafer
surface areas exposed during the diffu-
sion, and to prepare the wafers for any
subsequent diffusions. The repassiva-
tion is often performed in the diffusion
furnace, during the last part of the
diffusion baking phase.

The sequence of operations just
described and illustrated in figure 15.6
may be performed a number of times

ing the fabrication of a semi-
conductor device, depending upon the
configuration of functional regions re-
quired for each individual device. Thus
it is common to speak of devices as
having a “single diffused” structure, a
“double diffused” structure, a “triple
diffused” structure, and so on.

A specific device example may help
the reader to visualise how a number
of diffusions may be used to fabricate
any desired device configuration. The
diagrams of figure 15.8 show’ the rele-
vant stages in the fabrication of a
double-diffused NPN bipolar transistor,

In (a) is shown a small cross-section
of the initial state at the top of the
wafer used to fabricate such a device,
together with a graph plotting dopant
concentration against distance from the
surface. As may be seen the material is
lightly doped homogeneous N-type
material, having a donor concentration
which remains at a constant low value.
This corresponds to either the bulk
material of a pre-doped non-epitaxial
wafer, or the doped epitaxial ‘layer of
an epitaxial wafer.

The corresponding situations follow-
ing the first or “base® diffusion are
shown in 15.8 (b). Here a relatively
light but prolonged diffusion of accept-
or dopant has been made, with a
profile represented by the curve drawn
in short dashes. :

The resultant effective doping profile
is represented by the heavy curve. It
may be seen that the phenomenon of
compensation 'has caused the region
near the surface to be converted into
P-type material, and a P-N junction to
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be created at a distance D1 from the
surface. This junction is that which
ultimately becomes ‘the collector-base
junction of the completed device.

In the fabrication of this particular
type of device the second or “emitter”
diffusion operation is a short but rela-
tively heavy one, in which donor do-
pant is diffused into relatively small
areas within each of the “base” areas
formed by the first diffusion. It is per-
formed using the same procedures as
the first diffusion, and produces the
situation shown-in figure 15.8 (c).

It may be seen that the diffusion of
donor dopant has caused the region
nearest  the surface to be converted
back to heavily doped N-type material,
and a second P-N junction has been
created at depth D2 — the emitter-
base junction. At the same time, the
high temperatures present during the
second diffusion operation have caused
the acceptor dopant from the first dif-
fusion to move slightly further into the
material, so that the first junction has
moved to depth D1’, The area of the
firs| iffusion has also increased
slightly, for the same reason.

The combined effect of the two suc-
cessive diffusion operations thus pro-
duces the NPN configuration required
for the devices concerned, with a heavi-
ly doped N-type emitter region, a rela-
tively short and lightly doped base re-

gion, and a lightly doped collector re-
gion separated from the base by a rela-

J— A

tively large-area junction capable of
appreciable power dissipation. Other
types of device are fabricated in a sim-
ilar fashion. ;

The last stage in the on-wafer phase
of modern semiconductor device fabri-
cation is contact metallisation, In this
process each of the individual devices
which have been formed on the wafer
is provided with a set of ohmic con-
tacts to those of its functional regions
accessible from the top. E

The sequence of operations involved
in contact metallisation is as follows:
Windows are first etched in the silicon
dioxide passivation in the positions at
which contacts are required, using the
same photolithographic process used
previously. Then a thin film of alumi-
nium is deposited over the entire top
surface of the wafer, This is achieved
by placing the wafers in a vacuum
vessel in which aluminium pellets are
vaporised. Finally the excess aluminium
is photo-etched away to leave the
desired contact pads.

At the same time that the metal-

lisation windows are etched in the passi-
vation layer on the top of the wafer,
the complete passivation layer on the
lower surface is also etched away. This
is done both to facilitate the next pro-
cess of on-wafer testing, and also to
prepare the devices for bonding and
encapsulation.

It may be noted that for virtually the
whole of the device fabrication se-
quence described, the devices on the
silicon wafer are protected from con-
tamination by the silicon dioxide passi-
vation layer. The only areas not contin-
uously protected in this way are those
at which windows are etched for selec-
tive diffusion, and these areas are eas-
ily protected against contamination by
impurities other than the desired do-
pants. Hence the devices fabricated
using the foregoing procedures tend to
exhibit very stable and consistent per-

7}

(DISTANCE
FROM
SURFACE)

be somewhat more complex than those
required for silicon devices. This pro-
vides a partial explanation for the cur-
rent popularity of silicon devices.

At the stage in the silicon device
fabrication sequence just described, the
individual devices formed on the origi-
nal silicon wafer are still attached
physically to one another. Typically, as
many as 12,000 discrete devices mnaa'
thus make up the “array” into whicl
the wafer has been effectively con-
verted.

The remainder of the fabrication se-
quence involves on-wafer testing of the
devices, scribing and separation of the
devices into individual chips or “dice,”
bonding of  the dice to the package
headers, bonding of connecting wires to
the contact pads, and final encapsula-
tion. These processes will now
briefly described, with reference to the

P-TYPE
REGION

P-TYPE N-TYPE EMITTER
BASE REGION REGION

ACCEPTOR (P) ACCEPTOR (P) ACCEPTOR (P)
IST DIFFUSION ;
INITIAL DONOR M / I“
CONCENTRATION <
~
/ d i =~ d o~ T~ d
4 R e =
i+
2ND DIFFUSION
DONOR (N) DONOR (N) DONOR (N)

(b)  AFTER FIRST OR
"BASE" DIFFUSION
(ACCEPTOR DOPANT)

(a) BASIC LIGHTLY-DOPED
N-TYPE WAFER

(c) AFTER SECOND OR
"EMITTER" DIFFUSION
(DONOR DOPANT)

Figure 15.8

Figure 15.7: Silicon wafers
being loaded into the quartz
crucible of a diffusion furnace.
(Courtesy Philips Industries Ltd.)

formance, and to be particularly re-
liable. ;

The suitability of a silicon dioxide
layer as both a passivation layer and as
a mask for selective diffusion was dis-
covered in 1960 by Jean Hoerni, then
chief physicist at Fairchild Semi-
conductor. As a result the use of a sili-
con dioxide layer for these purposes
has been patented by Fairchild, and is
called by them the Planar process. De-
vices which are fabricated using the
foregoing techniques are thus often
called “planar devices.”

In passing it may perhaps be noted
that the Planar process as described is
not suitable for fabrication of germa-
nium devices, for the reason that al-
though it is relatively easy to grow an
oxide layer on germanium, such a layer
proves to be virtually “transparent™ to
tmpurities, It is thus incapable of per-
forming the functions of passivation
and diffusion masking.

Techniques have been developed in
recent years to produce planar-type
germanium devices, but these tend to
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photographs of figure 15.9.

. A small portion of a completed de-
vice array is shown in (a), prior to the
commencement of further operations.
The devices shown here are high fre-
quency NPN bipolar transistors, each
measuring approximately 25 mils
square.

The first operation performed on the
array is the testing of the devices, illus-
trated in .(b). Here the wafer is
mounted on a conducting table, which
forms a master contact to the collector
regions, and two micro-probe elec-
trodes are applied to the contact pads
of each device to check its ation,
In modern manufacturing facilities this
probe testing operation is done entirely
automatically after initia] set-up, under
computer control.

During the testing, a drop of mark-
ing ink is used to identify any devices
which prove to be unsatisfactory at this
stage. This is shown in (c). The wafer
is then precision scribed between the
devices, as in (d), and broken up into
individual dice as shown in (e). This
operation is rather similar to that used
in glass cutting. After division the
marked reject dice are discarded.

The remaining dice are picked up
individually by a vacuum chuck, as in
(f), and bonded to the base or “header”
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Broadway
Electronics

introduces
the _
self-service

GUITAR AMPLIFIERS

All parts now available

Like all Instrol-Playmaster kits, the 116 and 117
Guitar Amplifier Kits are complete in every
detail, down to the last nut and bolt, and pre-
cisely to “Electronics Australia” specifications.
Chassis is ready drilled, cadmium plated and fin-
ally passivated to avoid fingermarking. The
front label is beautifully finished with black let-
tering on silver-white background. Kits for both
the 116 and 117 include extras such as 3 inputs
(circuit included), vibrato and extra treble pull
switches, and foot switch complete with chrome
housing.

GUITAR SPEAKER SYSTEMS

suitable for all leading guitar amplifiers including Playmaster
40W and 60W amplifiers (mentioned above).

AVAILABLE AS KITS OF PARTS OR READY BUILT.
These systems come complete with the new Instrol enclosures
with the following choice of speakers: M.S.P., Rola, Magna-
vox, Pioneer, Philips, J. B, Lansing.

Containg full specifications, prices, etc.

JUST RELEASED!

IIEW EA SOlID STATE COMMUNICATIONS RECEIVER

Its features include high

with tunable IF, excellent IF
skirt selectivity and provision for
AM, CW and SSB reception.

Kit of Parfy .

(Freight additional)

METERS

These robust and
attractive meters
are available in
the following
sizes:
VP4A 13" x 1§"
"VP3A 23" x 2"
VP2A:3” x 21"
NP4sSI2Y x 27
Also Available, meters with scales to
_ suit  the following
projects.
Transistor Tester,
Aug., 1968,
Audio Generator,
Sept., 196
Power Supply, Sept.,
1968

F.E.T. Vol.tlncler,
Dec., 1968

VP4A
VP4A
VP3A
VP3A
VP2A
VP2A
VP2A
VP45
EWS
EWS 0-200 microamp .. .

0-1

0-1 milliamp ..

0-1 milliamp ..

(Including Sales Tax and
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40 Watt & 60 Watt Instrol-Playmaster

0-500 microamps ..
ST T
0-500 microamp .. .. ..

0-50 microamp .. .. ...
0-500 microamp .. .. ..

0-500uA V.U, scale .. ..
0-200 microamp V.U. ..

EW2 0-150 microamp .. .. ..

......

: PRICE
40 Watt complete kit of parts .. $78.50
40 Watt built and tested $98.50
60 Watt complete kit of parts .. . $84.90
60 Watt built and tested .. . $104.90

(Freight extra)

All parts available separately if required.

Chassis only $4.70 (plus 85c postage)
Front Label . ... .. . $2.80 (plus 20c postage)
Fuzz Box Kit .. .. $12.95 (plus 75c postage).

. AT HALF THE COST!!

ASK FOR EXCITING NEW . . .

INSTROL GUITAR SPEAKER
CATALOGUE

-PLAYMASTER 127 CONTROL
UNIT

stability o

aeee ¥ s
s
A fully solid-state control unit in-
corporating a dual linear integrated
circuit and providing equalisation
to CCIR and RIAA specifications
for tape replay and magnetic disc
mckups (Refer November 1969).
Kit of Parts .. .. . $47.65
Built and Tested .. .. .. $68.65
(Postage for Kit, $1 20 extra)
(Aluminium knobs are $2.20 extra).

PLAYMASTER 128 AMPLIFIER

A high-powered transistorised
stereo amplifier for use with the
No. 127 Control unit, providing a
performance equal to most import-
ed amplifiers at half the price. (Re-

PLAYMABTER STEAEO

$189.00

fer January, .1970.)
Kit of Parts .. .. .. .. $99.40
Built and Tested . $119.30

(Postage for Kit, $1.80 extra)
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OUTSTANDING VALUE!!

INSTROL EDUCATIONAL
ELECTRONIC KIT

In this Electronic Age, every person should have some know-
ledge, however elementary, of *“how it works.” The new
Instrol 20 in 1 electronic kit will enable you to understand
in an absorbing, simple manner the basic principles under-
lying computers, satellite communications, industrial electronic
devices, etc., etc. You make 20 different experimental circuits,
including 10 working radio transistor operated radio circuits.
Audio Amplifier circuits, home intercom, testing circuits in-
cluding Audio Frequency Oscillator and Signal Tracer, Morse
Code practice set and telegraph transmitter, etc. You use and
learn about the amazing SOLAR CELL.

4

The 10-Plus-10 is a high quality solid-state
stereo amplifier (10 watts RMS per channel).
This, and other amplifiers featured

in Electronics Australia,

are available in either kit form or built and tested.

To allow others to hear the results you achieve, why not obtain the Instrol SPI Speaker
box. Completely assembled, includes transistorised audio frequency amplifier, dynamic
speaker and leads, housed in an attractive plastic box, and ready to plug-in at any
appropriate stage of your experiments with the Instrol 20 in | Electronic Kit.

INSTROL SPEAKER BOX. PRICE $6.40 plus 10 cents postage

[y
/ EDUCATIONAL o
ELECTRONIC KIT

NO TOOLS OR SOLDERING IRON
REQUIRED

All components pre-wired, ready for
clip-on assembly. 50 page Instruction d.
Manual supplied. 2 ﬁ‘

ONLY . . . 51760

(Plus 85c for Registered Post)

NEW EXCITING
MUSICOLOUR

Kit of Parts {
$46.05 Plus Postage $1.30 4 5
MUSICOLOUR

Metalwork: st S ur atai $4.40 Plus Postage 70¢ b

" “

Printed Circuit Board .
Label

15¢

" “

; Stackmaster
12C

- ELECTRONICS

91 York St.

(between
CENTRE King & MarketSt)

PHONE 29-4258 SYDNEY N.S.W. 2000 !

CAPSTAN “JIFFY" CABINETS

Suitable for many household applications, a must

for the garage or workshop. Available in a wide

range, with clear see through drawers, for instant

visual identification, Plus exclusive raised back

edge prevents draw falling out. All cabinets fin-

ished in rustproof ZINCANNEAL with grey enamel coating.

Send for your free illustrated brochure and price list.
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ZL1AZR to
SM7BAE

by moonbounce

with EIMAC
tubes

John Morgan near Auckland, New Zealand, has
had three QSOs with Kjell Rasmusson near
Lund, Sweden, via 2 meter moonbounce. Both
John and Kjell use EIMAC radial beam power
tetrodes in their transmitters.

ZL1AZR gets a measured 550 watts output
with 80 watts drive at 1 kW input. He uses
two EIMAC 4-400A tetrodes, cathode driven,
with grid and screen grounded. His antenna
has 8 bays of 6 over 6 slot-fed Yagis spaced
one wavelength. SM7BAE uses two EIMAC
4CX250R ceramic tetrodes, grid driven, with
1000 watts input. His antenna is an array of-
sixteen ten-element Yagis. Both amateurs have
proven -the ruggedness and dependability of

EIMAC tubes, and the fact you don't need acres
of land and unlimited resources to experiment
with moon-bounce techniques.

John points out that he has only a quarter-
acre suburban homesite, a homemade rig, wife-
and-son engineers and dozens of curious
neighbours. Next step is to QSO Kjell on
144 MHz RTTY.

Put up your 2 meter antenna and listen to
these record-breaking schedules. Make it a
three-way QSO with EIMAC tubes! And for more
information on EIMAC tubes at VHF contact the
Varian EIMAC division at the addresses shown
below.

varian PTY LTD

electron tube and device group

38 oxley street/crows nest/nsw 2065/tel: 43 0673
679 springvale road/north springvale/vic 3171/tel: 560 6211
339 coronation drive/toowong/queensland 4066/tel: 71 3277
10 stirling highway/nedlands/wa 6009/tel: 86 6930

5,
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Figure 15.9: From wafer to assembled device., A—completed devices on wafer; B—probe

‘. . Bt

testing; C—wafer showing inked rejects; D—wafer after scribing; E—separated dice; F—

picking up die for bonding; G—bonding of die to header; H—connecting wires (.001in)

bonded to metallised pads on die; J—completed TO-5 metal can device prior to cap
sealing. (Courtesy STC Components Division.)

of the package in which they are to be
encapsulated. With epoxy resin encap-
sulation the die is cemented to the head-
er using an epoxy adhesive, whereas
with metal encapsulation the die is gen-
erally bonded to the header by a gold
soldering process, at about 400°C, The
latter is illustrated in (g).

Connections between the contact
pads on the die and .the insulated ter-
minal posts on the header are then
made, this operation being known as
wire bonding. The connections are per-
formed using very fine wire, typically
between 1 mil and 5 mils diameter. A
variety of bonding methods have been
used, but that currently favoured is ul-
trasonic welding using aluminium wire.
Bonds of this type are illustrated in
figure 15.9(h), and a completed header
and die assembly is shown in ().

Finally the completed device is
sealed in its package, which protects it
from both physical damage and the in-
gress of moisture. With devices in
epoxy resin encapsulation, the final
sealin? is performed by covering the
top of the header with a blob of epoxy.
In metal package devices, a can or
“cap” is welded to the header, the
operation being performed in an inert
atmosphere of ultra dry nitrogen.

The fabrication process is now
finished, in that the devices are com-
pleted and encapsulated. However, be-
fore being marketed they are generally
subjected to a series of quality control
and reliability tests, to ensure that they

meet published figures for both elec-
trical and mechanical performance.
The tests applied include impact resis-
tance and hermeticity tests, electrical
aging, and tests of such parameters as
saturation voltage, breakdown voltages
and current gain.

The fact that the fabrication of semi-
conductor devices involves a large
number of extremely demanding, ultra-
precise processes means that a large
numter of variables influence the
behaviour of the final devices. Hence it
is understandably difficult to fabricate
devices having an accurately pre-
dictable and tightly controlled perform-
ance, although progress is continuously
being made in this direction.

At present, however, most manufac-
turers operate using a system of post-
fabrication classification. No attempt is
made to\ fabricate a particular device

type, but rather a group or “family” of
related devices based on the same die
size and configuration. Electrical
testing after fabrication is then used to
sort individual devices into the various
device types of the “family.”

In most modern production facilities
this classification is performed by auto-
matic equipment, under computer con-
trol. In addition to device classification,
the same equipment is used to compile
information on production yields, para-
meter distributions and fault analysis.

Because of space limitations the
description of device fabrication given
in this chapter has been rather brief.
However, it is hoped that the material
presented has given the reader a
reasonably satisfying insight into the
techniques capable of producing the de-
vices which have been described in the
preceding chapters.

SUGGESTED FURTHER READING
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This new short-wave receiver is a direct outgrowth of the

240 Communications Receiver which we described early this

year. It retains the general principles of the larger unit but

has been simplified to keep costs and complexity to a mini-

mum. It should appeal to the serious short-wave listener
with a limited budget.

By lan

Early this year, in January, February
and March, we described a solid state
Communications  Receiver, whose
design, although not laying claim to be
the ultimate, is nevertheless capable of
quite a high performance. This receiver
has proved to be very aiopular, and
many have been built eady; how-
ever, its relatively pretentious design
has inevitably made it a “serious
project,” tackled mainly by serious
Amateur Operators and short-wave
listeners. Undoubtedly there are many
readers who would like something
glgilﬁler — and not as expensive to

Realising this, we recently set out to
see what could be done about a simpler
receiver, by a process of simplification
of the former one.

One important question which natu-
rally arises under these circumstances,
is whether or not a simpler receiver
should provide for the reception of SSB
and CW signals, as well as AM. To
provide for SSB and CW involves quite
a lot of extra circuitry and therefore
expense. On this score, we decided that
the new receiver should basically be
designed for. the reception of AM sig-
nals only. Later on, it could be extend-
ed to include SSB and CW reception
facilities, if the constructor desired.

Another aspect of the earlier design
which could be subject to simplification
is the dual-selectivity feature, with its
switching. By compromising here,
sharpening what wag the original
“broad” response to produce a fixed
and fairly narrow response, we found
in fact that we could come up with
something which gives good selectivity
for all round use on AM, and still be
adequate for SSB reception later, if
needed. This measure reduces the num-
ber of ceramic resonators required,
eliminates switching requirements and
considerably simplifies alignment.

72

Pogson

The original audio amplifier has
been replaced with a much simpler unit
— using a TAA300 IC on its own
printed board. Although the output is
less than the previous design, it is still
adequate for most purposes.

Closely associated with the audio
amplifier is the detector. This time, we
have used a class B transistor detector,
which is easy to get going and has the
advantage of providing quite an appre-
ciable amount of gain. This makes up

for losses brought about by reduction
in the number of stages in the front

ECONOMICAL

HIGH PERFORMANCE
SHORT-WAVE RECEIVER

end design, about which more will be
said a little later.

The noise silencer has been dropped,
as it is considered to be far too com-
plex to be incorporated into a simple
design. The second mixer following the
tunable IF is a junction FET, instead
of the balanced mixer and its amplifier
which were used previously. A bal-
anced mixer is not required here, as it
was on the more elaborate receiver.

Perhaps the most radical changes
have been made in the front end, and
to a lesser extent, the tunable IF. We
extended the range of the tunabie IF in
the interests of economy. Instead of the
previous 3 to 6MHz, we are using 4 to
8MHz. By using this range, we are able
to cover from the broadcast band right
up to 24 MHz in six ranges of equal
width. Again, for reasons of economy
we have dropped the tunable IF am-
plifier stage, but as mentioned earlier
we have been able to make up for any
losses here and elsewhere, in other
parts of the circuit.

As the reader may remember the

This view shows all the components behind the panel and on top of
the chassis. Strips of elastic discussed in the text, can be seen pro-
truding from the top of each of the three coil cans. Note also the
dummy potentiometers in the BFO Tune and Fine Tuning positions.
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front end of the EA240 Commu-
nications Receiver is crystal locked,
and by suitable selections of crystal
frequencies, together with the choice of
the tunable IF, we were able to get a
wide frequency coverage with a min-
imum of crystals. This worked very
well, but we felt that even the cost of
the few crystals involved could not
really be justified for a new economy
design. Accordingly we have decided to
use a self-excited " oscillator instead,

TUNABLE IF
4-8MHz

for AGC is accordingly that which we
used in our Playmaster 122 and 123
Program Sources, with remarkable suc-
cess. This involves introducing a con-
trolling transistor in the emitter circuit
of each stage to be controlled, to allow
adjustable degeneration and bias con-
trol. For a given number of controlled
stages, this method gives one of the
best AGC characteristics obtainable.
Admittedly this system involves the use
of two more transistors, but these are

offsetting the cost of the extra transis-
tors needed for AGC control.

No S meter has been provided, but if
desired a 0-lmA meter may be placed
in the emitter circuit of the detector for
this function. The meter will provide
forward readings, although its linearity
leaves something to be desired. How-
ever, the expedient is simple and
effective.

The block diagram shows the basic
format of the new receiver, and before

L

TI 12 7 ) T4 To e i
IST MIXER IND MIXER IST IF AMP IND IF AMP gl ADO
.
!
4
39 TU’;‘J’RBLE i i
IST OSC : i AGC AGC
e 1
- g : S
4MH:z i
8MHz 4.455.8.455MH;
12MHz
16MHz

The block diagram of the complete receiver shows clearly all the
functions. Each function can be related to the main circuit diagram.

switched to the various required fre-
quencies, Inevitably this degrades the
overall frequency stability of the new
receiver but past experience suggested
that the degradation might only be
slight, and happily this has indeed
proved to be the case.

In contrast with the usual situation
which applies with a tunable first local
oscillator, in this case the higher fre-

uency bands have the oscillator set on

e low side of the incoming signal.
This means that for the highest or 20
to 24MHz range the first oscillator is at
only 16MHz, instead of say about
25MHz. The lower frequency tends to
result in less oscillator drift than at the
higher frequency, all other things being
equal.

For the first mixer, we are again
using a junction FET to replace the
balanced mixer used in the previous
design. By using a FET mixer we are
able to achieve a useful amount of gain
and this is worthwhile as the economy
design does not allow for an RF stage.

By now, the reader may have noted
from the circuit that this new design,
while retaining the general principles of
the earlier Communications Receiver,
has some marked differences. As we
wished to make the best use of a min-
imum number of stages, by getting
highest gain from each, we have used
bipolar transistors in the IF amplifiers,
in place of the junction FETs used pre-
viously. It may also be noted that there
are only two amplifier stages which are
available for AGC purposes. These are
the two second IF amplifiers.

This arrangement, while it performs
very well, presents a problem from the
point of view of providing an effective
AGC system. It is not possible to sup-
plement the AGC action on the avail-
able amplifiers with diode damping of
one of the tuned IF circuits, because
we have no tuned IF circuits in the
usual sense. The ceramic resonators
which we are using do fiot lend them-
selves for this function.

The method we have adopted for
controlling the gain of the TF amplifiers

quite modestly priced and we consider
the addition well worth while. It is a
fortunate fact that a current source for
the two AGC control transistors is
available at the collector of the class B
detector, which allows a simplification

proceeding with the following descrip-
tion of the complete circuit, it would be
wise to study this diagram. This
should help to make the circuit easier
to follow, particularly for those who
are not familar with the earlier design,
From the broad outline of the design
as covered by the block diagram we
can turn to the circuit diagram for a
more detailed description. At the aerial

PARTS LIST

I~Chassis—10in~x 6in x 2in (with
partition).
1_Front _panel llin—x—6in—
s ).
+—Foggle—switch, miniature SPST—
——Rotery—switchr—3—wafers;—i=poie,

F—2-tag-strip.
-L—5~tag_strip.
5—Rubber—grommets:
]_F-erm&moidalj‘a}méfsfmﬁr-
erial, Ducon type F4040/2.
>~ i 4

TO 7 L Grrbit—s

OFSy

>
1 _Neosid_coil former, 7.6mm x
1%in, with grade 900 slug and
can.

45 il

solder, sefew‘i
nuts, power-flex. and plug, solder
lugs—ete—

TRANSISTORS

I Tl A 3004

DIODES
4 EM401, BY126/100, etc.
1 BZY94/C12 zener.
1 BZY88/C6V2 zener.

RESISTORS (azll ¥ watt)

47 ohms. 470 ohms.

1 100 ohms./ 1 560 ohms.

1 270 ohms. 4—680—0hnrs—
J-IK 1 10K
2 22K 23K
6 3.3K 1 18K
3 4.7K $ 22K
8.2K 2 47K

SK linear pot./
2.5K log pot. v

Ll TR

100K linear tab pot.

CAPACITORS
1 4.7pF NPO ceramic.
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