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Amazing performance and specification

ganged tuning condenser. Ferrite rod aerial for M

S Waves.

Approx.

The perfect portable and the ideal car radio.
Total cost of parts now only
Parts Price List and easy build plans 3/-

NEW TRANSONA
FI V Home, Light, A.F.N.,Lux.

all at good -volume.
G.P. Durham
@7 stages—5 transistors and 2 diodes
Fully tunable over Medium and Long
Waves and Trawler Band. Incorporates
Ferrite rod aerial, tuning condenser,
volume control, new type fine tone
super dynamic 23in. speaker,
Aftractive case. Size 6} x 4% x
(Uses 1289 battery available .mv“hc,m)
Total cost of all 42 F6 P. & P. Parts Price List and easy build
parts now only 36 plans 2/-

POCKET FIVE

@ 7 stages—5 transistors and 2 diodes

Covers Medium and Long Waves and Trawler
Band. a feature usually found in only the most
expensive radios. On test Home, Light,
Luxembourg and many Continental stations
were received loud and clear. Designed round
supersensitive Ferrite rod aerial and fine
tone 2zin. moving coil speaker, built into
attractive black case with red speaker grille.
Size 5% ¢ 1% x 3Min. (Uses 1289 battery available anywhere.)
Parts Price List and Total cost of all 42 6 P. & P.

easy build plans 1/6 parts now only 3/-

® 9 stages—7 transistors and 2 diodes

Covers Medium and Long Waves and
Trawler Band. The ideal radio for home,
car, or can be fitted with carrying strap
for outdoor use. Completely portable—
has built-in Ferrite rod aerial for wonderful
reception. Special circuit incorporating
2 RF Stages, push-pull output, 3in. speaker
(will drive large speaker). Size 7% X 5% X
14in. (Uses 9v battery, available anywhere.)

Total cost of all P. & P. Parts Price List and easy build
parts now only - > 36 plans 2/-

COMPONENT BARGAINS
TRANSISTORS HEADPHONES
PHILCO MADT Type 2NI1727 High Fidelity miniattre magnetic
Maximum frequency of oscilla- earpieces (2) on slim band with
tion 150 Mc/s .. . 8/6 Jead and plug. Easily converted
PHILCO MADT Type 2N1728 to stereo. American manufac-

Maximum frequency of oscillg- ture. 100 ohms  impedance.
tion 150 Mc/s 9/6 Transformers supplied free Iqr

Real leather-look case with gilt trim and shoulder and hand straps, z
(Uses PP7 battery available anywhere.)

higher impedances
PHILCO MADT {Micro Alloy
Diffused) Type 2N503 axi-
mum frEqucncy of oscillation
over 500 Mc/s .. 35)-

TUNING CONDENSERS
Air spaced fine quality German
manufacture with slow motion
drive. 0-0005 with oscillator
section .. 5/6Postl/-

o 13/6
P&PI/6
CYLDON PERMEABILITY
TUNERS
Full M.W. coverage. Fitted

coupling coil, oscillator coil,
ferrite slugs and slow motion

tuning with cursor, etc. GIVE
AWAY PRICE . % I’IU,‘-
1/-

61a,HIGH STREET, BEDFORD. Phone: 2367

NOT BUILD ONE OFOUR
PORTABLE TRANSISTOR
RADIOS...

BACKED BY OUR SUPER AFTER SALES SERVICE

ROAMER SEVEN Hklll

5 WAVEBAND PORTABLE OR CAR RADIO

% Now with PHILCO MICRO-ALLOY R.F. TRANS|STORS
@ ¢ stages—7 transistors and 2 diodes

Covers Medium and Long Waves, Trawler Band 'md two Short Waves to approx, 15 metres,
Push-pull output for room filling volume From rich toned heavy duty * Celestion”’
& L Waves and telescopic aer

speaker. Air spaced
1 for

4in.

Size 9 X T X

£5.19.6 ™ £F

MELODY
SIX

. amazed at volume and performance.
hm amlfv come up to my expectations'.
S.G., Stockton-on-Tees.

@ 8 stages—6 transistors and 2 diodes

Our latest completely portable. transistor
radio covering Medium and Long Waves.
Incorporates pre-tagged circuit board, 3in.
heavy duty speaker, top grade transistors,
volume control, tuning condenser, wave
change slide switch, sensitive 6in. Ferrite
rod aerial. Push-pull output. Wonderful
reception of B.B.C. Home and Light,
208 and many Continental stations.
Handsome leather-look pocket size case,
only 63 » 3% x 13in. approx. with gilt
speaker grille and supplied “nh hand dnd shoulder straps.

Parts Price List and  Total cost of all £3 9 P.&P.

easy build plans 2/~ parts now only &N 36

TRANSONA SIX

@8 stages—6 transistors and 2 diodes

This is a top performance receiver cover-
ing .full Medium and Long Waves and
Trawler Band. Push pull output. High-
grade speaker makes listening a pleasure.
Ferrite rod aerial. Many stations
listed in one evening including Luxem-
bourg loud and clear. Attractive case
in grey with red grille. Size 6} > L x
11in. (Uses PP4 battery available any-
where.) Carrying Sirap 1/- extra.

Total cost of all

parts now only 59/6 P.5P.
ROAMER SIX NEw!!

NOW WITH PHILCO MICRO-ALLOY R.F. TRANSISTORS
® 6 WAVEBAND !!

@ 8 stages—6 transistors
and 2 diodes

Listen to stations half a world away
with this 6 waveband portable. Tunable
on Medium and Long Waves, Trawler
band and three Short Waves. Push pull
output. Sensitive Ferrite rod aerial and
telescopic aerial for short waves. Top
grade transistors, 3-inch speaker, hand-
some case with gilt fittings, Size
T4 x 5% % 13in.

% Extra band for easier tuning of
LUX., etc.

Parts Price List and  Total cost of all £3 |9 6 P.3&6?.
. . 7
/

easy build plans 2/- parts now only

Parts Price List and easy build
plans | /6

(Carrying Strap 1/6 extra.)
All components used in our receivers may be purchased
separately if desired. Parts price lists and easy build plans
available separately at fixed prices stated.

Callers side entrance
Barratts Shoe Shop
Open 9—5 p.m.
Sats, 9—12.30 p.m




The NEW Stern-Clyne

ELECTRONIC CONCERT ORGAN
TO BUILD YOURSELF
DESIGNED —

— For the Electronic amateur seeking the most fascinating
project.

— For the discriminating organist seeking an instrument
which DOES sound like a pipe organ.

NEW —

— Constructional methods introducing **sectional com-
plete instrument”’ building.

— Extended range of tone colours. Without unrealistic
“ Gimmick "’ effects.

THE MOST COMPREHENSIVE KIT OF
PARTS AVAILABLE IN THIS COUNTRY

START BUILDING FOR AS LITTLE AS
£75.15.0 approx. (H.P. Terms Available)

Send 2/6 for data and information booklet (credited on initial
purchase) to: Electronic Organ Dept., 162 Holloway Road,
London, N.7.

=TERN-CLYNE

GREAT BRITAIN'S GREATEST ELECTRONIC HOBBIES ORGANISATION

VISIT US AT

162 HOLLOWAY ROAD, LONDON, N.7

and hear this fabulous new Electronic Concert
Organ demonstrated.

HERE'S WHY THOUSANDS OF
ELECTRONICS ENTHUSIASTS
BUY WITH CONFIDENCE
FROM STERN-CLYNE —

EST
VISIT YOUR NEAR
STERN-CLYNE ELECTRONICS CENTRE

@ A wide range of exclusive equipment
available including our own speciality
— MULLARD DESIGNS — for the home

LONDON

constructor or ready assembled.

The finest selection of Hi-Fi and Audio
equipment by all leading manufacturers.

A comprehensive range of electronic
components for the build it yourself
enthusiast available at all branches.

Retail shops, showrooms and demonstra-
tion rooms throughout London and the
provinces all carry extensive stocks.

Finest Mail Order Service-geared to give
prompt and efficient attention.

Hire Purchase facilities available on
orders of £11 10. 0 and over.

Hi-Fi advisory service to help you in
choosing the right equipment.

After sales service — complete satisfac-
tion guaranteed.

I8 Tottenham Court Rd., W.l. MUSeum 5929-0095. Half Day Sat.
23 Tottenham Court Rd., W.l. MUSeum 3451-2. Half Day Thurs.
PADdington 6963. Half Day Thurs.
FLEet St. 5812-3. Half Day Sat.
162 Holloway Road, N.7. NORth 7941. Half Day Thurs.
§ Camberwell Church St., S.E.5. RODney 2875. Half Day Thurs.
BRISTOL

26 Merchant Street, Bristol |. Bristol 20261.

Now open 6 days a week.
CROYDON
12 Suffolk House, George St. MUNicipal 3250. Half Doy Wed.

LIVERPOOL
52 Lord Street, Liverpool.

MANCHESTER

20-22 Withy Grove, Manchester 4. BLAckfriars 5379-5246.

Open & days a week.
SHEFFIELD

125 The Moor, Sheffield. Sheffield 29993. Half Day Thurs.

MAIL ORDERS AND ENQUIRIES TO:

Dept. P.E., 3-5 Eden Grove, Holloway, London, N.7. NORthB161-5.

Royal 7450.

Open 6 days a week.
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Please address all cor:
—

Retail 8hop:
Z & 1 AERO SERVICES LTD W sorspm coune naso, owoos, wa
» Tel.: LANgham 8403 . :
Head Office and Warehouse: 44A WESTBOURNE GROVE, LONDON, W.2. Tel.: PARK 5641[2[3
0A2 8- 17/- | GVGGT 7/8 | 12F6GT 8/, . | EBF83 7/6, EF95 5/6 | GZ30 8/8| PEN4SDD | U282 14/«
a /= | 6X4 /= | 125GT 8/- EBFSO 8/9 | EF98 10/ | G232 g-! usoL  18/-
12J7GT 7/8 /= | GZ34 | PL3G U403 -
12K7GT 7/« 2 HABCSO0 8/- | prag | UB0L 1B/
12K8 10/~ HLI33DD | PLSL 718
12Q76T 5/« | 1 10/- | PLS2 8/«
i28A7 7/ | KTE0 200 8,
128G7  4/- BRAND KT35C 8%
13857 4/- | KTes 150
128K7 B/~ | 574G 4/-) CYS51 )8 | KT88 20/ |
128¥7  6/- | 36Z4GT 8 /6 | DACS2 7/- | KTWE2 7)e
19405 5/- | 35Z5GT 6/~ | DAFOL 4/8 | MS/PENT.
20:*‘{ %:]'- 42 5/« |. DAF92 3;-' i
201 - | 50A5 12/- | DAFOG 6/- fi 0 |
/| 6 20P1  14/-| 50B6 7/~ | DCCOU 7= | MU!/ng-"I
| /= | 6F 20P3 12/ [ 50CS /8 /= ;
/- | 6F2s 20P4 14/ [ BOCDOGRS/- | /= | VCH21
= | 674 20P5 12/~ | 5OLGGT 6/8 = y i | UCH42 =
/- | 635G 25A6G 5/ 2/6 | /- | 35| GoHsL 7
/= | 676 25C5  10/= = [-| B2 8/- | voLse
6 | 637G 25LEGT 8/- | B10 15/ | rorss
= | 6I7GT 2BZ4G T R17 8/= TR
/- | 6K7 2525 78 R19 7= | Urs2
| (= | BKTOT 25Z6GT 8/8 RLlS 12/ U
- | 6K8 27M1 60/ s130 126 UP43
[ T 28D7 /- |8P41 &= | UFSO
| GBHGT 5/ | GL6GA 2001 20/- 8U2150410/- | UESS
6BAG  4/9 | 6L7 30015 10/ 10/-| e
- 6BAT 15/- | 6118 30017 12/= UT4L
| GBC4 17/6 | 6PL 30018 10/8 VL84
[ GBEG 5/ | 6P25 30F5 9/« UM
; 6BF6 8/~ | 6Q7G 30FL1 11/- U8
| 6BH6  7/- | 6QIGT 0L15 18/, el
GBJ6 B/ | 68AT S0L17 1 o il
| 6BK7A 8/- ‘6807 30P18 1 763 CF805 10/8 ure
7|8 30P19  14/- | 6 - | E : 1 PCF806 1 yule
8- | 6837 AV 30PL1 11/8 | 6080 25/~ d / o
1/8 | 6SK7GT 4/ X S0PL13 11/- | 6146  27/6 | ; ; Uyl
T Bfs | 124%7 SOPL1412/8 | 9003 9/- | EA T Uyss
6SNTGT 4,6 | 12B4A S0PL15 11/- | A2203 15/ P42 8/6 | EFSD A
6BW6 9/« 6UJGT 10/6 | 12BAG 3505  6/6| AC/TH110/- | EB4l 5/~ | EFs6
GBW7 - 6U8  7/6 | 12BEG 35D5 12/~ | ACHLDDS/- | EBC33 2 |
6C4 2/6 | GUSA 9/~ | 12BH7 EBC4L 7/ 41 A f
608G 7/- | GV 9/- | 12BY7 EBCSL 8/l /6 | TEN4A 7/6 /
6CB6 4/~ ! 6V6@ B/ | 12EL EBF80 68 E = | 25/- | PEN4S 7/- /U281 13/~ 2750  929)-
Transistors | WMAP\ —Portable Trans/Recelver covering a frequency range of
g = 2 73 to 0 mefs. Powered by external batteries 150V and 12V. Transmitter receiverunit
AFl114 9/- 1 0oCc29 17/8 | ocn /= 1 0C200 10/8 2N412 3/8 only in perfect condition, but not tested nor guaranteed 12/8 each plus 5/- p.p. G.P.O.
AF115  8/6 0C35 15/ | - 0C202 15/« 2N6OT 17/8 licencerequired, or £1 per pair plus 7/6 p.p. Also available 12V Power Supply Units which
AF116 8/- 0C36 15/« | B/= 0C203 14/- Setoi 2 contain A.F. Amplifier for use as intercom. system. Set of Transmitler Recelver with
AF117 7/8 0C42 8= | b 8= 0C204 10/8 matched Amplifier/P.8.U., aerial and base £2.5.0., p.p. 10/-. Set of connectors for the above, incl,
3?21&8 l'g.'ﬂ BE:\H g::- | g(éilg 1%.;— : 0(.'3 5 gg ](?C%)lgg :]!Jl‘l)l: two 12.pt sockels, one 6-pt socket and 2-pin socket, 15/=
by f= 245 - 7 = J206 H 1
. H Yo " e ) 8% 7 Please in £ for postage. nimum charge 2/-, No C.0.D,
oc28 17/6 | 0070  Bj= ocI7L  9/- ax410 a8 | 12/6 respondence to the Head Office.
[
|

ingly

language, one at a time;

The series will be of
exceptional value in
training mechanics and
technicians in Electricity,
Radio and Electronics,

WHAT THIS MONTH'S
ENTHUSIASTIC READERS SAY

“Please

ase accept my admiration for producing a long felt want in
the field

of wnderstanding Electronics.” . ..S.B.J «» London,

“Qur Trainee Staffl wish to thank you for an excellent set of
Manuals: they find the subject matter very easy to communicate .’

S.L:B., Coventry,
A TECH-PRESS PUBLICATION

POST NOW FOR THIS OFFER 1/
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The New Picture-Book'way of learning

BASIC

You'll find it easy to learn with this outstand-
successful new pictorial
essential facts are explained in the simplest

by an accurate, cartoon-type drawing.

ELECTRICITY (5voLs)
ELECTRONICS (6voLs)

The books are based on the latest research into
simplified learning techniques, This has proved
that the Pictorial Approach to learning is the
quickest and soundest way of gaining mastery
over these subjects.

method—the

and each is Illustrated

To Selray Book Co.
60 Hayes Hill, Hayes, Bromley, Kent

Pleasc send me Without Obligation te Purchase, Basic Electricity/Basic
Electronics on 7 Days® Free Trial. I will either return set, carriage paid,
in good condition within 8 days or send down payment of 15/- (Basic
Electricity) followed by 6 fortnightly payments of 10,-, Down payment
of 15/- (Basic_Electronics) followed by 6 fortnightly payments of 12/6.
Alternatively, 1 will send 68/- (Basic Electricity—5 parts). 81/- (Basic
E]r]CUOniCS—G parts) post free, This offer applies to United Kingdom
only,

Tick against set required
BASIC ELECTRICITY

ce trial)

(only one set allowed on fire L
|m] BASIC ELECTRONICS O

Signature

(If under 21, signature of parent or guar{.ﬂ';h)

BLOCK LETTERS BELOW

FULL POSTAL

Address

P.E.8




FIRST QUALITY PVC TAPE
5i"Std,850ft. 9/- 5”D.P.850fr. 10/6
7°5td. 1200ft. 11/6 3" T.P.600ft.  8/-
ILP.240ft.  4/- 5"T.P.1800ft. 20/6
ST'LP.1200f1.11/6 517 T.P.2400 ft. 27/6
7"L.P.1800ft. 18/  7"T.P.3600 ft. 37/6

P. & P, on each 1/6, 4 or more post free,

UNUSUAL

oINGLE SPERKER §
o\ STEM

g —

§ .
\ A
1

& CONCRETE
N oo

Aninexpensive column
speaker constructed
from a concrete pipe

\ and fitted with a good
\ 8" or 10" unit, has

Complete with 3kw i
McLaren Vari-

able Thermostat 3
90° to 180°F. 20

amp. A.C. and /
GEC double pole (
20 amp. mains 3

=
switch. 18”, 27",

i
39” and 36"

State length re- ‘““PREMIER" KETTLE ELEMENT

MMERSION HEATER

quired. £2.0.0 1000 w., 8/6 -- 3/-P. & P. Retaining nut and
plus 5/- P. & P. flange 26, switch plug to suit 2/6.

3 to 4 WATT
AMPLIFIER KIT

Can be used comp_risir}g
fora variety | chaiE‘1§'84;
3 of purposes, sl B

.
silent Tun- . "I Double
ning, satis- 3] wound
factory in mains

every way. I transformer, output transformer,

230/250v, | volume and tone controls, re-
AC. 96 sistors, condensers, etc. 6V6,
7 JECC81 and metal rectifier.
P. & P. 3/~ | Circuit 1/6 free with kit. 29/6
plus4/6 P, & P.

A.C. MAINS MOTOR

_

40w. FLUORESCENT LIGHT
KIT incorporating GEC Choke size 81
¥ 13" < 1¥, 2 bi-pin holders, starter and
starter holder, 11/6. P. & P, 4/6,

Similar to above: 80w. Fluorescent Light
Kit incorporating GEC choke size 113"
13" % 13", 2 bi-pin holders, starter and starter holder, 17/6. P.& P, 5/6.

attracted much interest

and. admiration

§ because ol its clean,
\ open sound.

\ Complete kits of
\ wooden fixtures are
\ available, including
\ absorbent wadding
\ and diffusing cone.

\ Price £3.15.0 for 8” model, Recommended 8” unit
\ —Super 8/RS/DD £6.14.2 including purchase tax.

8-watt 5-valve PUSH-PULL
AMPLIFIER & METAL RECTIFIER
Size: 9 %6 < 117 A.C. Mains 200-250v, 5 valves.
For use with Std. or L.P, records, musical &5
instruments, all makes of pick-ups and mikes,

Output 8 watts at 5 per cent total distortion,
Separate bass and treble lift controls, _Two
inputs, with controls, for gram. and mike. Output Transformer
tappe]ii for 3 and 15 ohms speech coils. Built and tested, £3.19,6,

L& P8/~

SPECIAL OFFER!
“ELEGANTSEVENME. 11

Combined Portable and Car Radio

The Radio with the ** Star"" Fealures

% 7-transistor superhet. Output
350 mw.

Price £4.18.0 for 10” model. Recommended 10”
units — Super |0/RS/DD £10.18.8; Golden

10/RS/DD £7.17.5; 10” Bronze/RS/DD £4.12.9.

\ Prices include purchase tax.

Suitable concrete pipes can be purchased (rom
\ builders’ merchants at about 12/6 and 17/6.
% Descriptive leaflet free on request from:

Y Grey wooden cabinet, fitted
handle with silver-coloured
ﬁl!lqg_s. size 12 in. x 8% in.

> 3% in,
% Horizontal tuning scale, size 11L in,
> 2 in. in silver with black lettering, % *
% All stations clearly marked,
% Ferrite-rod internal aerial. ONLY

+* f%era!ad ::olrn PP3 battery,
.F. neutralisation on ‘each stage ‘4 4 o
% 460 ke/s. ; ; e e
% D.C. coupled output stage with i
separate A.C. negative feed back. Pl Pah Rty
% All components,ferrite rod and tuning
assembly mounted on printed board,
% Fully comprehensive instructions and point-to-point wiring diagram,
% Printed circuit board, back-printed with all component values.
% Fully tunable over medium and long waveband.
“ Car aerial socket. % Full after-sales service,

4 in. SPEAKER. Parts list and circuic diagram 2/6, FREE with parts,

.

WORKS LTD.

Grams : *“ Wharfdel "' Bradford

Telephone: Idle 1235/6 Shop Hours 9 a.m. — 6 p.m, Early Closing Wednesday

RADIO & T.V. COMPONENTS (ACTON) LTD.
21D, HIGH STREET, ACTON, LONDON, W.3

——

.

| Se——
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20 WATT INTEGRATED

0
0
u

i NI ACNEEE |
A IC I N

20 WATTS R.M.S.!

SIZE 8" x 31" x I” @ WEIGHT 4} ozs.

THE SINCLAIR X-20 enables you to enjoy, for
the first time ever, the advantages of using a
high power, high fidelity audio amplifier truly in
step with today’s space age electronics. No
longer does power mean problems of heat and
size, for the X-20 requires neither heatsink nor
special ventilation. It measures only 81" 31" 17,
weighs 4! ozs. and will deliver up to 20 watts
R.M.S. into a 7}-8 ohms loudspeaker—40 watts
by U.S.A. standards! A 3-stage pre-amplifier of
exceptional efficiency is included within the
above dimensions to ensure an overall frequency
response from 20 to 20,000 c/s well within - IdB
from input to output. With greatly improved
transient response, there is corresponding im-
provement in the results obtained from other
equipment used with the X-20 which itself has
an energy conversion factor of better than 959,
at the output stage. At no point in the circuitry
of the X-20 are components over-run, so that
the instrument is both stable and assured of
indefinite working life—and it is easier to build
and instal than any amplifier you have ever
owned. Best of all it costs far less and enables
you to have stereo for very modest outlay.

Complete kit of parts

including transistors

and X-20 manual in ®

sealed carton o

Built and tested with X-20 manual £9 I9 6
in sealed carton ] °

X-20 Power Pack sufficient to drive £4 |9 6

two X-20's . L]

FULL SERVICE FACILITIES ALWAYS AVAILABLE TO ALL
SINCLAIR CUSTOMERS

Telephone

COMBERTO
682




AIR  X-20

P.W.M. AMPLIFIER AND PRE-AMP

SQUARE WAVE + FEED BACK | | CURRENT | | ELECTRONIC outpur | | FitTie I
GENERATOR INTEGRATOR [ ADDER [ switcH STAGE Jk
WHY P.W.M. IS BETTER
i Hlustration shows in block diagram form, the principal stages used in the
INPUY THREE STAGE Sinclair X-20 Pulse Width Modulated Amplifier. Use of the latest types
L e PRE AMP of transistors and high quality components combined with unique
circuitry achieve outstanding performance whilst retaining all the

operational features of conventional quality amplifier design, No other

amplifier in the world ean compare for efficiency in the amazingly high energy conversion factor of the X-20—
only Pulse Widch Modulation used in exclusive Sinclair circuitry gives you this wonderful performance!

THE ONLY AMPLIFIER IN THE WORLD TO
HAVE ALL THESE EXCITING FEATURES

% Easily built in an evening
% No. of transistors—I12
% Special silicon epitaxial planar output
transistors with a rise and fall time of
less than 0.2 micro-seconds
* tF;equeﬂcy response—20 to 20,000 c/s |-
B

o

> % Input sensitivity—l mV into 5-K ohms
% Signal-to-noise ratio—better than70dB

% 20 WATTS R.M.S. MUSIC POWER
OR I5 WATTS R.M.S. CONTIN-
UOUS POWER INTO 7.5 OHMS

% I5 WATTS R.M.S. MUSIC POWER
OR 12 WATTS R.M.S. CONTIN-
UOUS POWER INTO I5 OHMS

% For use with any type of pick-up,
microphone, radio tuner,” tape pre-
amp, etc.

Y Total harmonic distortion at 10 watts
—0.19

o

% Makes an ideal amplifier for guitar
or other forms of P.A.

Y% Built-in low pass filter cutting off
above 20 Kc/s makes the amplifier
widely tolerant of the load to which it
is.connected

Y% Power required—3§ V dc at 700 mA
preferably from the Sinclair X-20
Power Pack

% 95% ENERGY CONVYERSION
FACTOR AT OUTPUT

% SUPERB QUALITY AND RELIA-
BILITY

% The simplest ever system of installa-
tion, mono or stereo

Y% The opportunity to connect the
tone and control system of your
choice

BUILD IT YOURSELF!

THE SMALLEST AND MOST
EXCITING RADIO IN THE WORLD

SINCLAIR

MICRO-6

Power e Range Quality ‘
Smaller than a matchbox, this world-famous receiver ‘
brings in stations all over the medium waveband with )
fantastically good quality and volume. It performs with

amazing efficiency in cars, buses, trains and steel-

framed buildings, yet measures only 1#* X 18" X §* |
complete with self-contained aerial and batteries,
Building this smart minute set is enjoyable for {

expert and beginner alike, lts per- ;

formance is wonderful.

All parts including 3 M.A.T. transis- ‘

tors, case, lightweight earpiece, and 1

instructions come to N i
)

Mallory Mercury Batteries (2 required
Type ZM 312, I/l each. (6 in pack for 10/6)

SINCLAIR TR750 POWER AMP ‘

MEASURES
only
T

All parts and
instructions 396

Ready built and tested ﬁj-

With built-in switch and volume control. Qutput 750mW
for feeding into standard 25 to 35 ohm speaker. Input I0mV
into 2k{). Operates from 9V d.c. Designed principally for
use with the Micro-6 with which it can make a car, portable
or indoer domestic radio, This amplifier will also make a
record player, intercom., baby alarm, ete, Easily adaptable
to stereo.

LOOKING FOR TROUBLE?

LISTENERS REQUIRING LESS POWER

This is ideal combined hi-fi amplifier and pre-amp for use in
more restricted listening conditions. The X-10 uses P.W.M.
with integrated pre-amplifier and offers the same outstanding
advantages as the X-20 but with |0 watts peak output. It
measures only 6 in. X 3 in. Thousands of these units have been
built and are in regular use. For 12-15 volts D.C. operation.

Tone control system added to choice.

v and tested
sistors and X-I0 Manual

SINCLAIR X-I0

P.W.M. AMPLIFIER AND PRE-AMP

Comviete it £5.19.6 Reody buls £6,19,6 X0 power

£2.14.0

8 GUARANTEE ORDER FORM [

ADDRESS

You'll find it more easily with a

SINCLAIR
MICRO-INJECTOR

This ingeniously designed device
generates and injects a test signal
into any part of audio or radio
equipment at any frequency from
lke’s to 30 Mc's by means of
which it becomes easy to locate
faults rapidly and accurately.
Measures 1% 13,3 3in., excluding probe and is the
smallest and most efficient device of its type ever made
available to constructors, With full instructions.

nivicizis 27[6  reysn 32/6

Should you not be completely
satisfied with your purchase when you
receive it from us, your money will be
refunded in full and at once without
question, ltis important to quote Pr.E8
should you prefer to write your order
instead of cutting out this coupon,

685
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DE LUXE RECORD PLAYER KITS

4-Speed  Players  2-fone
Cabinets 17 <15x8lin, High
flux loudspeaker and 3 watt
2-valve 2 stage amplifier ready
built. Quality output. Vol-
ume and Tone controls. All
items fit together perfectly,
Special  instruc-
tions enable
assembly in 30
minutes, only §
wires {0 join,
12 months’
guarantee.

COMPLETE
KITS

As nbove with
B.S.R. Monarch Autochange
Garrard Autoslim Autochange.
Garrard SRP10 Single Play . ¥
ALL AVAILABLE SEPARATELY
Cabinet with board cut to choice
Amplifier with speaker .......... 2271
AUTOCHANGERS (Stereo/Mono 15/~ exira)
B.S.R. UA25 Superslim ... £5/1
Garrard Autoslim Mono
Garrard AT6 Mono
Garrard AT5 Mono
SINGLE PLAYERS
Garrard SRP 10 auto, stop/start .,
E.M.I Latest model auto, stop.
B.S.R. with separate P,

Q IMIAX CHASSIS CUTTER

Complete: a die, a punch an Allen screw and key
iln. 146 8/« I3in. (]

$in, 146 18 - 2in.
3in. 156 18'6 i
Zin. 159 20/-
lin. 18- 20/6

CRYSTAL MIKE INSERTS. 1} ¢ {in, ..
CRYSTAT, MIKE BM3 INSERTS. 1 < {in
ACOS CRYSTAL MIKE INSERT 1! x i
ACOS CRYSTAL STICK MIKE 39-1
PROFESSIONAL MAGNETIC GUITAR MIKE wnh
Vol. and Tone Controls.......
Moving Coil Mike with Switch 80/-, Floor Stand
TANNOY CARBON MIKE with Switch .....
BARGAIN XTAL PICE-UP ARM Eomgleh! with
ACOS LP-78 Turnover Head and Stylii ............... 20/-

NEW EI.EG‘I'IIGI.YTIGS FAMMIS MM!ES
TUBULAR

130 v. .. ?J—l 100 25'. . 2 8000 (=
2350 v. .. | 2507 25 2/8 | 16/800 v. 12,’-
4/350v. .. 23 500/1. «s 3/=| 16--186/5 76
8/450v. .. 2/3 |1, 000112 v. 3#’— 32+32/350 v 5/8
16/450 v. .. 3/~ [ B+8/450 v. 3/6 | 32+82/450 v, 6/-
32/450 v. .. 3/0 | 8-+16/450 v. 3/9 | 50-1-50/350 v. 7=
/25 v, .. 1/9 | 16--16/450 v, 4/3 | 844-120/350 v, 11/8
50/50 v. .. 2/- | 32-+-32/350 v. 4/6 | 100-+-200/275 v.12/6

APEH. TUBULARS.
td 3

25, 0.5 ;
2,000v, DODS.IJBI 0.02 2/6; 0.05 3/6.

PAPER CONDENSERS. 0.001mfd.. 7kV., 8/6; 20kV., 10/6.

CERAMIC. 500 v. 1 pF. to 0.01 mfd., 8d. Disc Ceramies 1/=«
Pulse 15 pF. to 155 pF., 12 kV., 2/6,

SILVER MICA. Close tolerance (plus or minus 1 pF.), 2.2 to
47 pF.,1/-; ditto 1% 50 to 815 p¥F. 1/-;1,000 to 5,000 pF., 1/9,
TWIN GANG. “0-0" 208 pF.+ 176 pF., 10/6; 365 pF., minia-
ture 10/-: 500 pF. standard with trimmers, 9/-; midget, 7/6;
midget with trimmers, 9/~; 500 pF. slow motion, standard 8/—;
small 3-gang 500 pF. 17/6. Single **0”* 365 pF. 7/6.

SHORT WAVE. Single 10 pF., 25 pF., 50 pF., 75 pF.,
100 pF., 180 pF., 5/6 each, Can be ganged. Couplers 9d. each,
TUNING. Solid dielectrie. 100 pF., 300 pF., 500 pF., 3/6 each.
TRIMMERS. Compression ceramic 30 50, 70 pF,, 9d.;
100 pF., 150 pF., 1/3; 250 pF., 1/6; pF., 760 pF., 119,
BEST BRITISH B.V. C. RECDEDING 'I‘APES LP 5in. 900t
11/6, DP 12008, 18/6: LP b{in, 12008, 14/6, DP 1800ft. 24/6;
LP 7in. 18001t. 19/6, DP 2400ft. 28,6,

MAINS TRANSFORMERS ..
250-0-250, 80 mA, 6.3 v. 3.54. or4v. 42, Rectifier 6.3 v,
la or5v. or 4 v 2a, 22'6; Ditto 350-0-350, 255
300-0-300 v, 120 mA,, 6.3 v.CT4 a, 0.5,6.3 8.

3
4,5, 68v. 1! am

11

Ditto tapped sec. 1.4 v., 2, 3,

GENERAL PURPOSE LGW VDLTAGE Outputs 3, 4, 5‘

6, 8, 8,10, 12, 15, 18, 24 and 30 v. af 2 22/6
Dll!uo. 1 amp.,, 5, 10, .‘|5. 20, 25, 30, 35, 40 45, 50, 55,

. 294!

Sub-Min, Mains tu 9 v BD mA 1 >< 1i "/‘111 3
AUTO TRAKS. 150 w., 0, 115 v., 230 v., 22/6; 500 w. 82 G

GRAM AMPLIFIERS

Valves: UYB5 Rectifier and UCLB2 Triode/Pentode
31 warts, 5523 2in.de=p. Newand Tested. 3 ohm
sutput, tone and volume on/off controls. Ready for

use 200-250v.A.C. LY 37/'6 P.&P. 2%

BAKERS SELHURST LOUDSPEAKERS
HI-FIDELITY MODELS

lﬂ.. 154 ﬁw‘.ms;zl:ui Bor 15
ohms, )
€.p.5., 12,000 lines sgns'

12in. De Luxe Foam Suspens=

ion,14,000 lines, 15
w. 25-17,000 ¢.p.s. 9gns.

12in, Bass 25 w.

235000 ens. 128NS.
1

CS::;‘ lso“;g ke/s I6gﬂs

NEW GROUP MODELS
FOR BASS, LEAD and
RHYTHM GUITARS

12in, diameter, 25 watt,
12,000 TiNe. c.ooerornnnrisancsnnsarsunnsstansnsnnnins
12m dmmeter, 35 watt,
14,000 HNES .ouveivereisrminsissssssnssnsniarsnsssnses
15in. diameter, 50 wnlk
17,000 lines ..

LOUDSPEAKERS P.M. 3 OHMS.
Tin. ¥ din., 15/6 each; 8in. 17/6 . 16/6; 12in. 30/-;
(15 ohms 35/-); 10in. > Bin. 22/6; 8in. » 5in. 21/-; Bin. * Bin.
21/-. E.MI, Double Cone 13} < 8in,, 45/-,

Stentorian 10in. HF1012,87/6; 8in. HF812 72/6. Crossover
3,000 c.p.s. 30/-. Horn Tweeter 3Ke/s, to 18 Ke/s. 29/8.
WAVE-CHANGE SWITCHES WITH LONG SPINDLES.

2 p. 2-way, or 2 p. 6-way, or 3 p, 4-wayor 1 p. 12-way;ea. 3/8
4 p. 2-way, or 4 p. 3-way, 3/6; 8 p. 4-way, 2 waler, ...... 6/8
‘Wavechange ** MAKITS " 1 p. 12-way, 2 p. 6-way, 3 p. 4-way,
4 p. 3-way, 6 p. 2-way. Prices include click spindles,
adjustable stops, spaces, ete,, 1 wafer, 88; 2 wafer, 12/6;
3 waler, 16/-; 4 wafer, 19/6; 5 wafer, 23/ ; extra wafers, 2/6,
TOGGLE SWITCHES, s.p., 2/-; d'p., 2/6; d.p.d.t., 4/-

in,, 3in., 4in., 5in.

BOOKES (Please Add Postage)
** W.W.” Radio Valve Data .... s 748
High Fidelity Speaker Enclosure: Sl
At a Glance Valves, CRT Equivi 3/8
TV Faull-Finding . 6/
Mullard Audio Amplifi 88
Radio Valve Guide, B : 5/«
Practical Radio Inside Qut .. 36
Transistor Audio Amplifier Manua 6.
Shortwave Transistor Receivers .... . Ble

RETURN OF POST DESPATCH Post 16, List 1/-, C.0.D, 2/6 extra, (Export. Send remittance and extra postage, no C.0.D.) CALLERS WELCOME

RADIO COMPONENT SPECIALISTS

337 WHITEHORSE ROAD,
WEST CROYDON Lcishere

THO 1665

24-28 GEORGE STREET, HULL.

TAPE RECORDER COVERS

Smart waterproof cover
to give complete protec-
tion to your tape recorder.
Made
canvas in navy, wine, tan,
grey and bottle green
with white
pipings,
handy zip
pocket and name panel.

from rubberised

contrasting
reinforced base,
microphone

cores of

e

The world-famous copper
loaded alloy containing 5
non-corrosive
flux, that saves the solder- It
ingiron bit. Ersin Multicore
Solder is also available in
hightin quality alloys.60/40

SAVBIT ALLOY
saves wear on
soldering iron bits

SAVBIT SIZE 1 CARTON

Contains approximatsly 30
feet of 18 s.w.g. SAVBIT.
is also sup-~
plied in 14 s.w.g.
and 16 s.w.g. Ob-
tainable from ra-

A. BROWN & SONS LTD.

TEL.: 25413, 25412
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MULTICORE WORKS + HEMEL HEMPSTEAD « HERTS « HEMEL HEMPSTEAD 3636

Cossor Isol gg,:- in 22 s.w.g. for printed g;:;ldeﬁecincai
" wee e . ¢ . :
gt S;jgg s :;,{: | circuits, transistors, etc. 5/- each
Wi SHEL | . K1
5 ) G ’ gégg e 790 | THE HANDY DISPENSER S e SIRSPER
rundig I rundig Cub " 4 84/
w  IK5 . 55k TelefunkenlBS Saba 230§ . e 63/ Easy to find in the
o JK4 .. 6218 < 75/15 Elizabethan LZ29 75/ tool box—simple to AND CUTTER
¥ 1? ?4 18 i ;EE:K . ?k 2 = 7;; fipe. VirtuaAHy Rt Strips insulation
" 323 ... 59/6|Philips 8108 Tryvox RS2 and 94 99| | (EPWMll hand for tricky sold- | ol RS king
T e 3548 Robuk RK3 e 6706 ‘ s ;”c?;grelfnb:'w192 feot | wive, cuts wite
18L & 23L 67/6 ¥ 53 Ferrograph ... B88/- V.0, i =

T e 1 Sty e ERSIN MULTICORE |~ cleanty, adjust:
.. 55/-| ., EL3538 Revox 84/- SAVBIT alloy in a f‘h. o ori
" 55/-( . EL3542 Optacord 414—4i2  63/- | continuous coil used S ;.c "Essssci
i’ 60l .. ELISHS i direct from free- i ”1? ‘e".“”ﬂe
= sl Etgg_ﬁ“s standing dispenser. pias ‘Cs“gn e’il'
4 TK 46 éaz'f- o SSHH .. T3l 2/6 each /6 eac
% 3/-* Starmaker  66/-
w  TKED .. 75-*|Cossor 1602 . 57/6] % Without pocket MULTICORE SOLDERS LTD.

CMMS 243
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MYLAR BASE

BRAND NEW AM/FM (V.H.F.) RADIO GRAM
CHASSIS AT £13.13.0 (Carriage Paid)

Chassls size 15 x 61 x Blin. high, New manufacture, Dial 14} x 4in. in 2
eolours, predomi 200-250v.  A.C. only.
Pick-up ¢y B., and Dipole Sockets.
’F, L. M.V Gram. Aligned and Le
e control. 1000 0 i /
ECHS1, EF89, EABCS0, E
10 x §in. ELLIPTICAL SPEAKER 25/- to purch
TERMS: (Chassis) £3.10.0 down and 5 monthl
Room Dipole for V.H.F., 12/8, Feeder 8d. per yar«
ALTERNATIVE DESIGN. L.W. 1000-1900
190-475 M.; V.H.F. 87-100.Mc Gram posit
is. Price £15,15.0 (carr }» TERMS: £3.10.0 down
payments of £2.4.0, Tolal H.P, price £16,14.0, Circuit diagram 2/

Five pushbuttons—
*«d_0.P. Transformer.,
Valves EZB0 rect.;

chi 8.
nents of £2.4.0. Cheap

) MW,
to above
l 6 monthly
6.

Otherw

AMERICAN BRAND TAPE
FULLY GUARANTEED AT RECORD LOW PRICES

. Btand,

7in. Triple play, 3,6001t. {Unboxed) ..
ACETATE BASE

5in. Stand. play, 600ft. ...... 8/
« A=
« 10/-
‘1278

Stand. play, 1,2001%
Long play, 900ft. .,
n. Long play, 1,200ft. ....
. Long play, 1,8000t. ...... 15/—

Tostage 1/- per reel (4

/6
wevea 12/6

3in. Triple p
or more post fr

D V.H.F. TUNER CHASSIS.
Mo/s,

i 9's plus es with
rectifier. transformer. Fully wired
and tested ONLY £8.17.6 {carr. paid). Room
dipole 12/6, Feeder 6d. per yard.

HIGH GAIN PUSH-PULL OUTPUT
AMPLIFIER £5.4.6 (6/- post)

ol

8 watis, s
O.P. Trans. for 3
Isolated chassis.
Mike, guitar. ra
input. F:

radio, et
Alsoa

e
Front panel fixed.

tble asstraight 10-watt amplifier

treble and volume controls af

3 post)h. Front panel may be

removed on this amp,

4 TRANSISTOR
MINIATURE PUSH-PULL
AUDIO AMPLIFIER
HIGH IMPEDANCE

n. X 1iin. over transformers. Outpul for 3-chm
nicrophone, record ]:ln:.-nr and intercom. 9 volt

Keps, I'us ull output
Iy for use. Three types,

PRINTED CIRCUIT, 4in.
speaker. Suitable for
battery required. Frequ
class B. Tnstr on sheet provided. Fully
200mW, 35/~; S00mW 41/-; 1.2W 57/6. (F. & I

CM2l CRYSTAL MICROPHONE
‘With 3,5 mm, Jack plug, 12/8 (Post 1/6.)
4 TRANSISTOR BABY ALARM. Attraclive walnut vencer speaker cabineb
131" x 8" front. Ear piece as mike sensitive at 20ft. x 60ft, Ext. Lead. (P.P.§
battery required ast for hundreds of hours. Volume Control and On/Of,
Price £3.19.6. (I 6/-).

GLADSTONE RADIO

66 ELMS ROAD, ALDERSHOT, Hants.
(2 mins. from Station and Buses.) Aldershot 22240
CLOSED WEDNESDAY AFTERNOON
CATALOGUE 6d.
Regret overseas orders cannot be executed

. &R,

LXY O xro

AVOCET HOUSE -+ 92-96 VAUXHALL BRIDGE ROAD - LONDON S.W.I

W

0

MULTIMINOR i/

The newly improved model of this famous AVO

pocket size multi-range instrument has been enthusiastic-
ally acclaimed in all parts of the world for its high
standards of accuracy and dependability as well as for its
modern styling, its highly efficient internal assemblies and
its resistance to extremes of climatic conditions.

It. is simple to use, one rotary switch for instant range selection,

only one pair of sockets for all measurements, and & 23-inch clearly
marked scale-plate. It is supplied in an
attractive black carrying case complete with
interchangeable test prods and clips, and a
multi-lingual instruction booklet.

RESISTANCE: 0-2M 4, in 2 ranges, using 1.5V cell
SENSITIVITY: 10,00002./Y on d.c. voltage ranges

to send you a full
specification of this
great little instru-
ment, It measures only
7% % 4 % 1§ ins. and
weighs only 24 ozs.

,000§0/V on a.. voltage ranges

Telephone: VICtoria 3404 (12 lines) =




THE WORLD-FAMOUS KIT-SETS ANYONE CAN SUCCESSFULLY BUILD

The practical way fto
enjoy Electronics

DAYSTROM

A wide range of well designed kit-sets to choose from

YOU CAN SAVE £ f£'s BY BUILDING ANY HEATHKIT MODEL

MALVERN FM TUNER

CABINET

PORTABLE
UXR-2

SW RECEIVER
RG-I1

COTSWOLD

STEREO AMPLIFIER
5-99 SPEAKER

“MALVERN' HI-FI EQUIPMENT CABINET,
Will house all your Hi-fi equipment. Lefc "in the
white.'" Size: 394 x 32 X 21§ in,

Kit £18.1.0 (ine. P.T.)

A wide range of other cabinets.

HI-FI FM TUNER. Range 88-108 Mc/s, Avail-
able in two units, sold separately, TUNER (FMT-
4U) 10.7 Mc/s IF £2.15.0 (inc. P.T.). IF AMPLIFIER
(FMA-4U) power supply and valves £13.13.0, Total
Kit £16.8.0.

AM/FM TUNER. Covers FM 88-108 Mc/s, AM
16-50, 200-550, 900-2,000 M. Tuning heart (£4.13.6
inc, P.T,) and IF Amp. Case. Total £27,5.0 Kit

JUNIOR ELECTRONIC WORKSHOP, Model
EW-1, 20 exciting experiments can be made.
Special solderless connections, Kit £7.13.6 (inc. P.T.)

“OXFORD"” LUXURY TRANSISTOR PORT-
ABLE, Model UXR-2. Beautiful solid leather case.
LW and MYY Coverage. Kit £14.8.0 (inc. P.T.)

GENERAL COVERAGE RECEIVER, Model
RG-l1. Freq. coverage 600 kc/s-1.5 Mc/s. 1.7-32
Mc/s in 6 switched bands, Many features incl,
L Jattice crystal filter, Kit £39.16.0. Assembled
£53.0.0.

6W STEREO AMPLIFIER. Model 5-33H. An
inexpensive stereo/mono amplifier. Ideal for use
with the Decca Deram lightweight pickup. Modern

attractive styling. Kit £15.17.6
Assembled £21.7.6

50W PUBLIC ADDRESS AMPLIFIER, Model,
PA-I. A multi-purpose unit, suitable for yucal
and instrumental groups. 4 inputs for guitars,
mics, etc. 2 heavy duty speakers, vol. indicator,
variable tremolo, modern cabinet. Kit £54.15.0,
Assembled £74.0.0, Legs optional extra, 17/6.

9 4 9W HI-FI STEREQ AMPLIFIER, Model
5-99. Ganged controls. Stereo/Mono Gram.,
Radio, Tape inputs. P.C. board construction.
.:;ér.;co:ive presentation. Kit £28.9.6. Assembled

5W MONO AMPLIEIER. Model MA-5. A
general purpose amplifier based on model 5-33,
Separate bass and treble controls, gram and radio
iﬁnpsul‘:a.o Printed circuit. Kic £10.19.6. Assembled
15.10.0.

“COTSWOLD" HI-FI SPEAKER SYSTEMS.
Std. model. Size:26 x 23 X l4in. Kit £25.12.0,
MFS “Cotswold” for the smaller room. Size:
36 % 16 % 14in, Kit £25.12.0

SSU-| SPEAKER SYSTEM. A practical solution
to the problem of 2 low-price speaker system. Two
speakers, Without legs £11.17.6 Kit (inc. P.T.

With legs £12.12.0 Kit (inc. P.T.

(A

SCOPE, 10-12U POWERSUPPLY, IP-20U

HARMONIC DIST.
METER, IM-12U

TRANSISTOR
TESTER, IM-30U

YYM, IM-13U TV GEN, HFW-I

Send for the FREE British Catalogue of Heathkit range of models

Deferred Terms over £10 in U.K.

Extended Deferred Terms in U.K. over £75

Prices quoted include postage in U.K.

5 in. FLAT-FACE GENERAL PURPOSE
OSCILLOSCOPE. Model 10-12U. An out-
standing 'scope. “Y* sensitivity, 10 mV rms per
cm at | kc/s; Bandwidth 3 ¢/s to 4.5 Mc/s. T/B
::gsc"lssls 500 ke/s in 5 steps. Kit £35.17.6, Assembled

23 SERYICE SCOPE, Model OS-1_Light (wt. 10z
Ib.), compact, 5 X 8 X 14¢ in. The ideal port-
:grocslgr servicemen. Kit £22,18.0 Assembled

ELECTRONIC SWITCH, Model 5-3U, Convert

your 'scope to dual trace. Kit £12.18,0. Assembled
£18,10.0.

MULTIMETER. Model MM-IU, Ranges 0-1,5 v to
1,500 v A.C. and D.C. 150 uA to I5A D.C.; 0.2 to
2((1):1‘5‘2.64; in. 501A meter. Kit £12.18.0 Assembled

REGULATED POWER SUPPLY, Model IP-20U.
Transistorised, compact unit. Current range: from
50 mA to 1.5 A fs.d. Voltage ranges: from 5 to 50
volts f.s.d, Kit £35.8.0. Assembled £47.8.0.

TRANSISTOR TESTER, Model IM-30U, Un-
matched in quality, performance and price. Pro-
vides complete d.c. analysis of PNP, NPN transis-
tors and diodes. Internal battery for tests up to 9 v.
Kit £24,18,0. Assembled £35.10.0,

HARMONIC DISTORTION METER, Model
IM-12U. Freq. cov.: 20 to 20,000 cycles. Meter
calibrated in ¥V r.m.s. % distortion, dBs. Kit
£24,15.0. Assembled £34,0.0.

R.F. SIGNAL GENERATOR, Model RF-IU,
Freq. coverage from |00 ke/s-100 Mc/s or six bands,
on fundamentals and up to 200 Mc/s on calibrated
harmonics. Kit £13.8.0. Assembled £19.18.0.

DECADE RESISTANCE, Model DR-IU. Range
;]‘3“19.89399 in 12 steps, Kit £10.8.0. Assembled

DECADE CAPACITOR, Model DC-IU range,
100uuF to 0.111 #¢F in 100 puF steps.  Kic £7.5.0.
Assembled £10.8.0.

INTERNATIONAL MAIL ORDER SCHEME
covering the American Heathkit range of 250
models. Ilustrated American catalogue and full
details can be obtained from us for /- post paid.

6 in. DE LUXE YALVE YOLTMETER, Model
IM-13U. Measures ac and dc volts 0-1.5 to 1,500 V in
7 ranges. Res. to 1,000 MQ) in 7 ranges. Modern
?{s‘i?g'ow“h gimbal mount. Kit £18.18.0. Assembled

VALVE YOLTMETER, Model V-7A. DC volts
to 1,500, AC to 1,500 rms and 4,000 V pk. to pk.
Res. 0.1-1,000 M. Kit £13.18.6. Assembled
£19.18.6. RF Probe 309-CU £1.13.6 kit. HT Probe
HV.336 £2.19.6 kit. WVill extend range of models
Y-7A or IM-13U.

TV ALIGNMENT GENERATOR, Model
HFW-1. 3.6 to 220 Mc/s on fundamentals. Unique
electranic sweep oscillator, Built-in fixed and
variable marker generators (5 Mc/s crystal). Kit
£37.18,0. Assembled £47.10.0.

AMATEUR TRANSMITTER, Model DX-100U.
:’:“i“x‘htsbgiu-in Y.F.O. Kic £79.10.0. Assembled

REFLECTED POWER METER, Model HM-II.
?ldic'ascod TX/antenna match, Kit £8.5.0, Assembled
0.10.0,

MANY OTHER MODELS
For the home, Hi-Fi enthusiast, Home
workshop, Service and Test bench,
Laboratory.

To DAYSTROM LTD., DEPT. PM-8, GLOUCESTER, ENGLAND

Please send me FREE BRITISH CATALOGUE

Full details of model(s)..

(Yes/No)..........

FULL RANGE OF MODELS IN American | NAME
| (BLOCK CAPITALS)
FREE CATALOGUE § catalogue..... | appRess.... i
SIMPLY SEND COAUPON TO:— (Yes/NoO) ..o PM-8

-
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w«w  Practical Electronics

==
A BROAD OUTLOOK THIS MONTH
HREE international exhibitions held in London. and
running in part concurrently during the latter part of CONSTRUCTIONAL PRO ECTS
May and beginning of June, offered as diverse a choice of SIMPLE ANALOGUE
interests as one could wish for. COMPUTER 690
The International Packaging Exhibition at Earls Court
brought one the factory floor atmosphere with the food and ELECTRONIC FLASH GUN 697 i
confectionery industries perhaps predominating. The World "
Fishing Exhibition at Olympia provided a strong salty TRANSISTOR AND DIODE |
flavour of the open seas, and against this the Hospital TESTER- “715 g
Equipment Exhibition in the adjoining hall offered a contrast ‘
w(iqth]i,ts clinical setting. 3 o 2 LOW VOLTAGE BATTERY %
Quite different, yes—but yet there was a common link. PACK 726 ] |
It was soon plain to see that in all these fields extensive use ‘
is already being made of electronic instrumentation and
automated systems; and it was equally clear that future
improvements in efficiency depend very much (and in some SPECIAL SERIES |
cases, entirely) upon the increased adoption of electronics.
* * * BUILDING BLOCKS—S5 709 4

modern trawler relies upon electronics not only for naviga-
tional aids and communications, but as a means for locating
the fish. Some modern fish-recording echo sounders can
detect a single fish at 200 fathoms, and new sector scanning
techniques promise to give even better results over the con- GENERAL FEATURES

ventional asdic or sonar systems.

Sea fishing is a highly competitive business, and the BEGINNERS START HERE—I0 724 I

It was not surprising to see how heavily dependent upon U.H.F. RECEPTION 706 .
automated equipment the food confectionery, cosmetics and |
other industries have become. For example, electronic INGENUITY UNLIMITED 729
checkweighers can weigh 3,000 packages per hour, rejecting THE DECIBEL 732

over or under weights, while servo systems automatically
correct the filler machine. Other electronic systems are
employed to detect metal in foodstuffs, to sort peas, nuts,

rice, etc., according to colour, and to count articles of
irregular shapes. NEWS AND COMMENT

An automatic patient monitor that will measure and

record the blood pressure, pulse rate, and temperature of EDITORIAL 689

up to ten patients simultaneously was seen at the Hospital COMPONENT DEVELOPMENTS 705

Equipment Exhibition. An automated drip feed system for

transfusions, and instruments for remote control temperature THE 73 PAGE 714 4

measurement were just two further indications that auto-

mation is reaching into the hospital service. ELECTRONORAMA gy

¥ * # NEWS BRIEFS 736

Here we have merely touched upon a few of the current

uses of electronics in just three fields. We think it has been NEW PRODUCTS 739

made clear that the student of electronics has much to gain DETACHED PARTICLES 743

by visiting exhibitions such as these. In so doing, not only

will he keep in touch with technical advances of immediate READOUT 744

interest, but in the process he will acquire an insight into i

many other fascinating facets of the modern world. Nothing Our September issue will be published on

like an interest in electronics for broadening the mind! Thursday, August 12

All correspondence intended for the Editor should be addressed to: The Editor, PRACTICAL ELECTRONICS, George Newnes Ltd., Tower
House, Southampton Street, London, W.C.2. Editorial and Advertisement Offices: PRACTICAL ELECTRONICS, George Newnes Ltd.,
Tower House, Southampton Street, London, W.C.2. Phone: Temple Bar 4363, Telegrams: Newnes Rand London, Subacr!]sﬁon Rates
House, Southampton Street, London, W.C.2. Editorial and Advertisement Offices: PRACTICAL ELECTRONICS, George Newnes Ltd,,
including postage for one year, to any part of the world, 36s. © George Newnes Ltd., 1964, Copyright in all drawings, photographs and
articles published in PRACTICAL ELECTRONICS is specially reserved throughout the countries signatory to the Berne Convention and
the U.S.A. Reproductions or imitations of any of these are therefore expressly forbidden, F
689 ™



This instrument is capable of
carrying out the arithmetical
operations of multiplication and
division with reasonable accuracy.
The evaluation of powers and roots
with log. scales may also be achieved.




LTHOUGH popularly associated with formidable
A arrays of electronic instruments capable of
- incredibly complex calculations, computers in one
form or another have been with us for a very long
time. We have only to recall the familiar abacus or
bead bar of our childhood to realise that our acquain-
tance with computers started at a very early age.

Modern computers are of two major types: the
digital, which depend on the way we use numbers,
and the enalogue, in which numbers are represented
by physical quantities such as length and current.
A simple example of a digital computer is the abacus
while a good example of the analogue computer is
the slide rule.

Although elaborate computers are beyond the scope
of the average constructor, quite simple instruments
can be made using everyday components. The simple
analogue computer described in this article was con-
structed by the author for classroom demonstration
purposes. Although no originality is claimed for
the design it was felt that a description of the instru-
ment would be of interest to other constructors,
particularly those engaged in teaching.

BASIC CIRCUIT

The computer is based on the familiar Wheatstone
bridge network shown in Fig. 1. Such a network is
commonly employed in the determination of an
unknown resistance. When the bridge is balanced,
for example, when the current through the galvano-
meter is zero, the following well known relationship
holds,

Rl X R4 =R2 x R3
or transposing,
RI _R3
R2 " R4

@

Bl
1o

Fig. |. Basic Wheatstone bridge network on which the
computer is based

Generally, R1 and R2 form a calibrated resistance
wire system, while R3 is a resistor of known wvalue,
R4 is the unknown resistor. When the system is

balanced, the ratio R1:R2 is determined, and hence
R4 can be calculated. By a reversal of this procedure,
the operations of multiplication and division can be
carried out.
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If the resistors constituting the arms of the bridge
are made variable and are accurately calibrated, the
two arithmetical operations are easily performed.
To multiply two numbers, R4 is set to some power of
ten, the multiplicand set on R2 and the multiplier on
R3. The bridge is balanced with R1 and the answer
automatically read off on the R1 scale. To perform
the operation of division, R4 is again set to a power
of ten, while the numerator and denominator are set
on RI and R2 respectively. The bridge is balanced
with R3 and the answer taken from this scale. For
both arithmetical operations it is of course necessary
to find the decimal point by inspection.

The scope of the bridge can be further extended by
providing logarithmic scales for R3 and R4, Powers
and roots may then be evaluated. This application
will be discussed at a later stage.

PRACTICAL CONSIDERATIONS

In common with all other analogue computers the
accuracy is limited by the precision of the components
employed in the circuit. The author found that
ordinary wire wound variable resistors of the type
normally employed in radio work were of sufficient
precision to enable quite a high degree of accuracy
to be achieved.

In the original design the bridge was energised by a
battery, the balance point being indicated by a sensitive
galvanometer. However, since it was highly likely
that the instrument would be subjected to somewhat
indelicate handling, the fragile galvanometer was
replaced by headphones and a simple but robust
transistor audio oscillator used to energise the bridge.

CONSTRUCTIONAL DETAILS

The computer is mounted on an aluminium panel,
the relevant drilling and mounting details being given
in Fig. 3. Four 3lin diameter discs cut from stiff
white cardboard, and on which are described 2%}in
diameter circles, are used as dials.

The audio oscillator is mounted on a 6in X 4in
etched wiring board as shown in Figs. 4 and 5. An
alternative method using Veroboard may also be
used by those constructors who wish to avoid the
use of chemicals. For comprehensive examples of
this method the reader is referred to the April 1965
issue of PrAcTiCAL ELECTRONICS.

ETCHED WIRING BOARD

The copper laminate is polished with metal polish
and then washed in warm soapy water. After rinsing
and drying, the circuit pattern shown in Fig. 4 is drawn
out with cellulose paint of the car “touch up” type.
The paint is allowed to dry for approximately 30
minutes and the laminate immersed in a 30 per cent
w.v. solution of ferric chloride. This solution is
prepared either by dissolving 75gm of the anhydrous
salt or 92gm of the hydrated salt in 200ml of water
containing 3ml of concentrated hydrochloric acid.
The resulting solution is made up to 250ml. For
complete dissolution of the unwanted copper a reaction
time of roughly 30 minutes at 40 degrees C is required.
The etching is done by gentle agitation of the solution.

The prepared board is washed with water to remove
all traces of the iron salt and the cellulose paint removed
by swabbing with cotton wool soaked in acetone or
other suitable solvents.

Fig. 2. Circuit of the simple com- K0
puter. Additional resistors for
calibration (R5-RI0) are not

R4

shown here but are explained
later in Figs. 6, 7, and 10
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CIRCUIT DESCRIPTION

The circuit diagram of the computer is given in
Fig. 2. Four 1,000 ohm wire wound potentiometers
(VRI1-4) form the arms of the bridge. The transistor
oscillator is of the Hartley type. Oscillation is main-
tained by feedback in the correct sense through the
primary of the audio transformer T1. Although the
output of the oscillator may be taken via C2 from the
emitter of TRI1, an additional stage of amplification
may be found advantageous, particularly where noisy
background levels are encountered.
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Holes are drilled at the points shown in Fig. 5. Wiring
of the board is straightforward and the customary heat
shunt precautions are observed when the transistors
and other closely clipped components are soldered in
position.

The audio frequency transformer is temporarily
connected to the appropriate points on the board and
a check made on the correct functioning of the oscil-
lator. It may be found that the leads to the primary
of the transformer require reversal to ensure feed-
back in the correct sense.
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Before the completed audio oscillator is mounted
on the main potentiometer panel, the potentiometers
- are calibrated by the following procedure.

CALIBRATION OF BRIDGE

A careful calibration of the four potentiometers is
essential if accurate results are to be obtained. Al-
though calibration is simplified if a resistance box
calibrated in 10 ohm and 100 ohm steps is available,
it is possible to use close tolerance fixed resistors as
calibration standards. The construction of such a
standard is shown later in Fig. 10.

Both calibration methods will be deseribed, the
resistance box method being dealt with first.

VRI CALIBRATION

Two close tolerance resistors, R9 and R10, each of
1,000 ohms, are wired with- VR1 and the decade
resistance box as shown in Fig. 6. The audio oscillator
and headphones are connected to the appropriate
points. With the decade box set at 100 ohms, VRI
is adjusted until the null point is observed. The dial
of VRI1 is carefully marked with pencil at this point.
Repetition of the process with the decade box set at
200, 300, 400 ohm etc., followed by balancing with VR1
gives a series of points separated by 100 ohm intervals
up to 1,000 ohms. If the decade box is calibrated in
10 ohm steps intermediate points may be filled in.

TO RESISTANCE
BOX

T0
OSCILLATOR

@HDNES

T0
RESISTANCE
BOX

iy

—_ TO
OSCILLATOR

Fig. 6. YRI calibration

" Fig. 8. YR3 calibration

T0
OSCILLATOR

PRIMARY TO
PRINTED BOARD

SECONDARY TO
PRINTED BOARD

T0 AUDIO
QUTPUT OF
OSCILLATOR

& 10 AUDIO

Fig. 7. YR2 calibration

TO BATTERY = 0SCILLATOR

Fig. 9. VR4 calibration

Figs. 6-8. Temporary wiring of the potentiometer panel for calibration. Fig. 9. The final wiring



YR2 CALIBRATION

The decade box is disconnected and VR2 wired into
circuit as shown in Fig, 7.

VR1 is successively set at each of the previously
determined points and VR2 balanced against each
point. In this way VR2 can be accurately calibrated
in terms of VR1.

VR3 CALIBRATION

The decade box is reintroduced and R9 and R10
deleted. VRI1 and VR2 are each set at 500 ohms and
VR3 calibrated in 10 or 100 ohm steps against the
decade box. Wiring details are shown in Fig. 8.

VR4 CALIBRATION

Prior to this final calibration the complete panel is
wired as shown in Fig. 9. The audio oscillator and
transformer may also be permanently attached.
Two 3in 4 B.A. bolts serve as stand-off supports
for the oscillator panel.

After completing the wiring VR4 is calibrated against
VR3 with VR1 and VR2 each set at 500 ohms.

CALIBRATION WITH FIXED RESISTORS

A simple calibration standard is shown in Fig. 10.
Four close tolerance resistors of 100, 200, 300 and
400 ohms respectively, are wired together as shown.
By shorting out the appropriate sections a selection
of resistance values from 100 to 1,000 ohms may be
made. Two leads which terminate in crocodile clips
are conveniently used as shorting links. Resistance

Fig. 10. Assembly and wiring of the calibration resistors.
Due to the accuracy required for these resistors, it may be
necessary to select and measure to within | per cent
tolerance of the quoted values from resistors of the nearest
“preferred’’ value available

values obtained when the appropriate sections are
shorted are given in Table 1.

Calibration of the bridge using this standard is
carried out exactly as before, the standard taking
the place of the decade box.

When calibration is complete the dials may be
numbered from 0 to 10 and permanently marked with
indian ink. If the calibration has been made in 100
ohm steps the intervals may be divided into ten equal
parts. No great loss of accuracy will occur since it
was found that over small portions of the potentio-
meter tracks the resistance per unit length was constant
enough to warrant this procedure.

OPERATION OF COMPUTER

TABLE | A discussion of the operations of multiplication and
division was given in the introduction to this article.
Resistance () Short Out These operations are summarised at this point.
100 388 MULTIPLICATION
200 1&2,6&8 Set VR4 to 1 or 10. The multiplicand is set on
300 6&8 VR2 and the multiplier on VR3. The bridge is
% 52; balanced with VR1 and the answer taken from this
200 788 scale.
700 | & 4 DIVISION
% ? g; Set VR4 to 1 or 10. The numerator is set on VR1
1.000 hena and the denominator on VR2. The bridge is balanced
. with VR3 and the answer taken from this scale.
COMPONENTS . ..
Resistors Transformer 2
::7" %2;"':3 :g;% Intervalve type, ratio 3:1
R3 47O mf’ see Fig. 2
R4 4-7kQ 109 Transistors
RS 1000 |?/A TRI, TR2 OC71 or NKT272
(<]
R6  200Q 19 A
R7 3000 19/ see Fig. 10 Switch
R8  400Q 1% S1 Single pole on/off
R9  1,000Q 1% ] :
RIO  1.000Q I‘V; } see Figs. 6 and 7 Battery
Potentiometers BY| 4-5V battery
VRI, 2, 3,4 1kQ linear, wire wound
Miscellaneous
Caé':rcigfal;sppaper Aluminium panel. Copper laminate board. Four
C2 o.zs’up paper pointer knobs. Headphones. Terminals. P.V.C.
Cc3 0.25ﬁ|: paper insulated connecting wire.
— . e -
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EVALUATION OF POWERS AND ROOTS

In addition to the operations of multiplication and
division, further interesting evaluations may be made
if the scales of VR3 and VR4 are calibrated logarith-
mically.

If we let r; be the reading of VR3 such that log ry =
VR3 and similarly », the reading of VR4 so that
log ry = VR4, then at the balance point, and recalling
that in the basic bridge of Fig. 1, R1 x R4 = R2 x R3,
it follows that

VR1 logr; = VR2 logr,

or
VR = p VR2

or VR2/VRI
e =T

In other words we can determine the value of ry to the
power VR2/VRI.

As a simple example consider the evaluation of 34,
The required power VR2/VR1, is conveniently obtained
by setting VR2 to 8 and VR1 to 2. VR3 is set to 3
and the bridge balanced with VR4. The answer is
taken from this scale.

Roots may be evaluated using a similar procedure.
For example, suppose we wish to find 4/27 or, what
is the same thing, 27, VR2 is set to 1 and VRI to 3.
After setting VR3 to 27 the answer is read off the
VR4 scale.

LOGARITHMIC SCALES

The logarithmic scales are prepared as follows.
A 2%in diameter circle is inscribed on a disc. Two
points are marked with pencil on the circumference
of the circle such that the length of the arc is the same
as that of the linear scales. The arc is then divided
into three equal portions which in turn are sub-
divided into tenths. This calibration represents the
logarithms of numbers between 1 and 1,000. The
resistance scale may now be calibrated by inserting
the values whose logarithms correspond to the inner
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0 10
Fig. 12 (above). Example of the linear type of scale
that will be produced when the four potentiometers
are individually calibrated as described on page 694.
This linear scale is used for multiplication and division

Fig. Il (left). Calibration scale for YR4 drawn on a
logarithmic basis to full size. This scale is used for the
evaluation of powers and roots

scale. An illustrative example is given in Fig. 11.
This scale can conveniently be used for VR4,

The second logarithmic scale is prepared by calibrat-
ing VR3 in terms of VR4. To do this VR1 and VR2
are each set at a dial reading of 5 and VR3 then
balanced against each point of VR4 by the usual
method. Fig. 12 shows an example of this scale.

Doubtless other evaluations will suggest themselves
to the mathematically-minded constructor. Circuit
variations are also possible, for example, the audio
oscillator may be replaced by a buzzer with a cheapen-
ing in the overall cost. As a point of interest the cost
of the instrument excluding battery and phones was
ust over £2,

Contributed Articles

The Editor will be pleased to consider for publica-
tion articles of a theoretical or practical nature. Con-
structional articles are particularly welcome, and the
projects described should be of proven design, feasible
for amateur constructors and use currently available
components. '

Intending contributors are requested to observe the
style in our published articles with regard to com-
ponent references on circuit diagrams and the arrange-
ment of components list. °

The text should be written on one side of the paper
only with double spacing between lines. If the manu-
script is handwritten, ruled paper should be used, and
care taken to ensure clarity, especially where figures
and signs are concerned.

Diagrams should be drawn on separate sheets and
not incorporated in the text. Photographic prints
should be of high quality suitable for reproduction;
but wherever possible, negatives should be forwarded.

The Editor cannot hold himself responsible for
manuscripts, but every effort will be made to return
them if a stamped and addressed envelope is enclosed.



PART TWO

FLASH HEAD

ELECTRONIC
FLASH GUN

WARNING: High voltages are encountered in this flash gun. Care should be exercised in

handling and it is essential that the components and wiring should not be touched until the

capacitors are completely discharged (see text later). To avoid any risk of damage or shocks
the whole units should be kept dry and carried in a waterproof carrying case.

HE DESIGN of the flash head posed a rather different

problem from that of the power pack. In the
latter the innovation was in the circuit design rather
than in the hardware; in the flash head, the circuit
is well known, but as far as the author is aware a
compact mechanical design is not available.

The greatest contribution to miniaturisation in
electronic flash has been the introduction of a compact
reflector. The author decided, therefore, to attempt
the design of a compact flash head incorporating the
trigger circuit and cable storage compartment. The
construction of the flash head necessarily involves
some metal work, but this is kept to a minimum, and
alternative designs will be suggested later for those
who do not wish to attempt the compact head.

CIRCUIT

The circuit diagram for the flash head is shown in
Fig. 2.1. The output voltage of the power pack is
applied across the xenon tube (V2) and a proportion
of this voltage appears at the junction of R1 and R2
to charge the capacitor C1 to approximately 250 volts.
When the camera shutter is operated Cl is effectively
placed in parallel with the primary of the trigger coil
(T1) producing a ‘“‘ringing” circuit, the first spike of
which, at about 6 kilovolts, triggers the xenon tube
into its conducting state. A smaller portion of the
supply voltagc (about 70 volts) is tapped off from
VR1 to 1gmte the wire-ended neon indicator V1
when the main capacitors have reached about 90
per cent of their charge voltage. Resistors R2 and
R3 are not strictly necessary and may be dispensed
with if VR1 is replaced with a 2-5MQ preset, but
some sensitivity will be lost in setting the ignition
point of the neon.

A-

HOUSING DESIGN

The size of the flash head was dictated primarily
by the size of the FA10 xenon tube, and secondly
by the requirement that it should fit on top of the
power pack and form a compact unit for transportation.
The size of the trigger circuit board and the space
required for cable storage were also influencing fac-
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Fig. 2.2 Exploded view of the complete flash head

tors. A pleasing appearance and relatively simple
construction is achieved by keeping the mechanical
fastening to a minimum by the use of “Araldite”
epoxy resin adhesive.

An exploded view of the flash head is shown in
Fig. 2.2. The main component is a simple shallow
rectangular box of 20 s.w.g. sheet aluminium, open
at each end, and carrying two horizontal rails at the
back and two short vertical rails at the front.

The front rails carry the lens and reflector, on which
is mounted the xenon tube socket. The rear rails
carry the backplate which in turn carries the trigger
and charge indicating circuit.

The right-hand front rail is set in approximately
3in from the edge of the box, forming a space
alongside the lens in which the synchronisation and
power supply leads may be stored. Only six screws
are used as fasteners on the main assembly; all other
joints are glued.

CASE CONSTRUCTION

Since the finished appearance of the flash head is
directly dependent upon the accuracy and neatness
with which the box is folded, as much care as possible
should be exercised at this stage. The box is folded
from a sheet of 20 s.w.g. aluminium measuring 11-56in
% 2-10in (Fig. 2.3a) and should be obtained ready cut,
or cut by a friend with access to a guillotine, if possible,
as this produces neat straight edges. If it is possible
to gain access to a folding machine, the task of folding
the box is greatly simplified. The box may, however,
be folded quite successfully in an ordinary bench
vice using the block shown in Fig. 2.3b and protecting
the aluminium from the vice jaws with soft jaws or
suitable packing, such as wood, on both sides of the
sheet.

When the box has been squared up the chamfered
edges are cleaned thoroughly with acetone, carbon
tetrachloride or trichlorethylene and a small quantity
of Araldite applied to each edge. The edges are then
brought together and held in position with elastic
bands or adhesive tape. A liberal fillet of Araldite is
run into the corner as in Fig. 2.4 to ensure a sound
joint. The box should now be left for 24 hours to
set, preferably in a warm, dry atmosphere.
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fitted in position
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Through this ICS
d-way Training Method :

MASTER THE THEORETICAL SIDE

From basic printiples to advanced applications,
you'll learn the theory of electronic engineering,
quickly and easily through ICS. That's because
each course is set out in easy-to-understand terms.

MASTER THE PRACTICAL SIDE
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AMPLIFIER MODULE—com-
plete, electronic, solid state
circuitry ready to amplify and
transmit both sides of a telephone
conversation into any A.M. broad-
cast band radio without inter-
connecting cables. Operates from
9 volts * transistor '’ battery and
requires only telephone pick-up
coil to operate, 30/-, P, &P, /-
MICROPHOMNE TRANS-
MITTER MODULE —contains
complete solid state circuitry
ready for use as a means of trans-
mitting speech from any high
impedance microphone inte an
ordinary A.M. radio without con-~
necting wires. Requires only 9
volts battery and crystal micro-
phone. 30/-. P, &P, 1/-
METRONOME—requires only
2 megohm potentiometer and any
PM speaker to produce accurate
repetitive beats at adjustable
rates from 40 to more than 208
beats per minute. Low battery
drain, simple connections.

22/6. P.&P. |/

2 WATT, GRAM AMPLIFIER
—just connect to any crystal pick-
up and 8-ohm speaker for above
average output with excellent
tonal quality. |-megohm poten=
tiometer recommended for vol.

ICS show you how to develop your practical
abilities in electronic engineering—alongside . your
theoretical studies. It's the only sure way to
success, All training manuals are packed with
easy-to-follow illustrations.

MASTER THE MATHEMATICAL SIDE
‘ To many this aspect is a bitter problem. Even
g more so because no electronicengineer is complete
without a sound working knowledge of maths, |
But new ICS teaching makes mathematics easier
to learn.
Wide range of courses available include:
Radio/T.V. Engineering and Servicing, Colour Television,
Electronics, Electronics Maintenance, Instrumentation and
Servomechanisms, Telemetry, Computers, ete.
NEW! Programmed Course on Electronic Fundamentals
EXPERT COACHING FOR:
INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS
CITY AND GUILDS TELECOMMUNICATION TECHNICIANS
CITY AND GUILDS SUPPLEMENTARY STUDIES
R.T.E.B. RADIO|T.V. SERVICING CERTIFICATE
RADIO AMATEURS' EXAMINATION
P.M.G. CERTIFICATES IN RADIOTELEGRAPHY
And there are practical ““learn as you build” radio
courses as well,

Member of the Association of British Correspondence Colleges.
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FoR FREE HANDBOOK POST THIS COUPON TODAY

1.C.S., Dept. 151, INTERTEXT HOUSE,
PARKGATE ROAD, LONDON, S.W.11
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immediately triggers screaming control.  Compact, high quality
siren alarm. 50/-, P. & P. 1/-. unit, 35/-, P. &P, |}-.

Construct Electronics with NEW
VEROBOARD Quickly, Cheaply,

P jonall
VYEROBOARDS supplied by Proops fofessmn 4

Brothers Limited have been specizlly designed to meet the needs of the
amateur constructor: hole matrices have been pitched to provide the
greatest utility in a wide variety of circuit layouts; purchase price has
been kept low by the deliberate selection of one standard board width
(22 way) which may be used with-almost any circuit but permits large
quantity purchase with attendant saving; specially prepared design
sheets are provided with each purchaseto simplify circuit layout: acces«
sories have been kept to an essential minimum to further reduce cost,
VEROBOARD SHEETS. 12/6 each. Post Free.

Board size overall: 17 in. long % 3§ in. wide 0.0312 in. thick. Each is
clad with 22 x 0.0015 in, thick copper conductors which are fully
pierced in line at 0,156 in. intervals across width and 0,2 in. along length,
Boards are treated with flux preservative to give protection and ensure
satisfactory soldering. A design sheet is supplied with each board.
SPOT FACE CUTTER. 8/6. Post Free.

Specially designed hand cutting tool with hole locating spigot. Light
turning and pressure removes copper conducting strip locally to make a
neat break.

TERMINAL PINS. 50for 3/6. Post Free,

Made specially for Yeroboards of pre-tinned brass with a flat head to
give maximum contact, and self-cutting serrations near the head to
ensure a tight fit when pushed into the hole.

INTRODUCTORY VEROBOARD KIT. 24/-. Post Free.
Includes one sheet of Yeroboard, Design Sheet, Spot Face Cutter, 50
Terminal Pins, and instruction on design method and layout procedure,

MINIATURE MERCURY SWITCH

Almost indestructible, Featherlight operation

Encapsulated in copper-plated steel tube only &” dia.x L 3
long (incl. flange), Tube provides one contact and other
contact is 3" long wire fused into glass centre of tube base.
20° movement makes or breaks contact; vacuum sealing
ensures unchanged contact resistance throughout life. Con-
struction permits switch to be simply clipped into-position.

T{WO Rating 249v. AC mains operation at | amp., may also be used

or with DC current from small torch battery. Can be installed

7/6  almostanywhere to operate lights automatically or to provide
Post free  simple warning or safety devices.

51 TOTTENHAM COURT ROAD. LONDON WI.
PHoE: LAKgham 0141 HOURS: 9am=bpm
THURS: Jam-Ipm,  OPER ALL DAY O SATU

LIMITED
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Fig. 2.5. Construction and bending details in Fig. 2
of the right-hand front rail
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Fig. 2.6. The refiector base is cut from aluminium alloy
sheet 20 s.w.g. and folded

The rails may now be constructed while the joint
is hardening. The two rear rails and the front left-
hand rail are %in X }in angle sections bent in the
vice from 3in strips of 20 s.w.g. aluminium and cut
to the appropriate lengths to fit inside the case as
shown in Figs. 2.2 and 2.4. The right-hand front rail
is 2in X iin and is bent to form an acute angle of
60 degrees (see Fig. 2.5) in order to prevent the cables
chafing when being withdrawn from the storage com-
partment. Since it cannot be bonded along the edge
like the other rails, the ends are turned over as shown
to provide the anchorages. It should be made slightly
longer than required and then, when the box is set
hard, the ends may be filed until it is a sliding fit in
the box.

The surface to be bonded on each rail and the mating
surfaces in the box are scored with a sharp point
(such as a scriber or hacksaw blade) in a fine criss-
cross pattern until the whole surface to be bonded
is rough. The surfaces are then cleaned with one of
the fluids previously mentioned, smeared lightly with
Araldite and each rail offered up to its mating surface.
It is better to tackle the rails in pairs and allow one
pair to set before fixing the next.

The rear rails may be spaced from the back using
ai scrap of 20 s.w.g. material to simulate the back-
plate.

Fig. 2.7. This block is used to
form the reflector shape shown

Fig. 2.8. Dimensions of the
xenon tube

The front rails are set back +sin from the front of
the box, and the right-hand rail set #in in from the
inside of the box (Fig. 2.4). A small card template
facilitates the setting of these components.

REFLECTOR

The reflector base is made from 20 s.w.g. sheet and
covered with reflecting material (see later), so that the
surface need not be protected during the bending
operation. Cut the blank to the template shown in
Fig. 2.6, and make the block from a scrap of wood
(Fig. 2.7). Bend the flanges down at approximately
60 degrees, and then clamp the blank in the vice with
the block, the holes in the blank lying at the corners
of the block. The sides are then bent forward until
the edges all line up. Square up the flanges, bond
the edge joints with Araldite and put on one side for
24 hours to harden.

The backplate is cut from 20 s.w.g. sheet and fitted
into the back of the box on the rear rails. The lens
is cut from a piece of acrylic sheet to 3-375in x 1-65in.
It may be plain or fluted (as in the author’s gun)
in which case the curves are placed so as to give a
“condensing™ effect to the light beam. Admittedly
no tests have been carried out on this lens to assess
its performance compared with a clear lens, but the
fluted effect undoubtedly provides a more uniform and
diffused light. :

The lens and reflector assembly may be fixed with
self-tapping screws, or, if a more durable fastening
system is required, small pieces (3in X %in) of 16
s.w.g. mild steel may be glued to the back of the rail
and tapped for 6 B.A. screws.

When the necessary preparation has been done,
lay the reflector and lens on the rails and drill carefully
through all three with a small drill, and then enlarge
and tap the holes as required. The backing plate may
be glued permanently in position, but in the author’s
gun it was attached by screws to give greater access
to the interior.

XENON TUBE SOCKET

The FA10 xenon tube (Fig. 2.8) has two pins which
are spaced so as to fit a standard two-pin 2 amp
socket, but the latter is bulky, and no provision is
made for a contact to the trigger strap. Amateur
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'ARALDITE FILLING

ACETATE FORMER

TRIGGER CONTACT

THIS AREA IS CUT AWAY
AFTER ASSEMBLY

SPRING CONTACTS FOR

XENON TUBE PINS

Fig. 2.9 The socket to hold the xenon tube. Note the
trigger contact strip which makes contact with the strap
across the tube shown in Fig 8

flash-heads usually use a coil of stiff wire twisted
around the pins, and flexible wire twisted round the
trigger strap, but with this system the tube is neither
rigidly held, nor easily removed. The author has
designed a socket in which all three contacts are made
and yet the tube may be removed using moderate force.

A word of warning before going into the description
—the xenon tube is extremely fragile and should be
handled with great care.

The socket (Fig. 2.9) is made from a small piece of
celluloid or cellulose acetate and some thin (22 s.w.g.
or 24 s.w.g.) beryllium copper or phosphor-bronze
sheet (obtainable from any good engineers’ suppliers
and many model shops).

Cut a piece of phosphor-bronze (or beryllium cop-
per) about $in wide and 3in long, and wrap it round
a nail or drill about $in diameter so that it looks like
a clock-spring. When 24 turns have been wound,
cut off the surplus and solder the coil so that it is held
closed. This can be removed from the nail and fitted
over one of the pins of the tube. Repeat for the
other pins and solder a 6in length of plastics-covered
wire (7/-0048) to each one, red and black. Cut a
thin strip (about +in wide) of phosphor-bronze about
3in long and solder a 6in length of white covered wire
to this. (Phosphor-bronze sheet of this thickness
may be cut with ordinary household scissors or tins-
man’s shears.)

Cut the socket box from 20 s.w.g. aluminium alloy
sheet to the shape shown in Fig. 2.10 and fold up the
edges. (This may be done by hand with the aid of a
pair of pliers or in a small vice) Cut a piece of
celluloid or acetate sheet in thick (obtainable from
model shops) about 24in X 4in and drill and bend as
sl__flown 9m Fig. 2.11. Cement it to the box as shown in

ig. 2.9,

Thread the wires of the three contacts through the
appropriate holes in the box, and push the long thin
bronze strip (which forms the trigger contact) through
the centre hole in the acetate sheet. The spring
contacts are held in position while the Araldite sets
by the pins of the xenon tube (Fig. 2.12) so these must
be lightly smeared with grease to prevent unwanted
adhesion.

Insert the tube pins through the outer holes in the
acetate sheet and push the spring contacts gently
on to them (observe polarity!). The box is then laid

on a flat surface with the end overhanging to allow
the three wires to clear it, and the xenon tube packed
up until it lies parallel to the surface (Fig. 2.12). Mix
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Fig 2.10. The casing for the xenon tube socket is cut
to shape and bent to form the shape shown in Fig. 9
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Fig. 2.11. The front plate of the xenon tube socket is
cut to the size’shown, drilled and bent to the shape shown
in Fig. 9

SOCKET XENON-TUBE

T\ ; -

R

PACKING

LEADS

Fig. 2.12. Aligning the xenon tube with the socket by
using packing and adhesive tape prior to filling the socket
with araldite. The pins should be inserted in the socket.

a good quantity of Araldite (about a third of each tube)
on a piece of clean scrap metal or glass and warm it
in front of the fire until it runs easily. The Araldite
may now be poured round the contacts into the mould
formed by the box and the acetate sheet until it is
level with the top, and then allowed to set.

After 24 hours, the xenon tube may gently be removed
from the socket (the importance of ensuring that no
Araldite comes into contact with the pins is obvious)
and the shaded portion (Fig. 2.9) cut away with a junior
hacksaw and sharp knife. The socket may then be
cleaned up with a file and the trigger contact bent to
shape as shown in Fig. 2.9, so that it bears on the trig-
ger strap when the tube is inserted.

A hole must now be cut in the reflector base to
accept the socket (see Fig. 2.2), either by drilling a
series of small holes or using an ‘“Abrafile” saw blade
which fits a standard hacksaw frame. The hole is
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plastic film as a protective coating on the outside.
Alternatively, the reflector base may be covered with
kitchen foil, or simply polished as it stands, although
neither of these surfaces will have as high a reflectivity
or durability as the former method provides.

CIRCUIT BOARD

The circuit is built up on a piece of Veroboard
3in X 1lin (matrix of 19 X 6 holes). The component
layout is shown in Fig. 2.13, and the component wiring
points on the reverse of the board are shown in Fig. 2.14.
Cut the board to size and make the breaks in the strips
at A7, A9, and Ell. Drill 4in clearance holes at
A3 and CI18 and cut the strip well back from the holes.

The author used a preset (skeleton type) potentio-
meter for VR1, which was modified for use in the
horizontal position by bending down the tags and
cutting short the centre one. The holes in the Vero-
board must be enlarged slightly to take this component,

TABLE 1:
COMPONENT CONNECTION POINTS
Component Wiring Board Location
RI D8, A8 & B8
R2 A5, E5
R3 Al, F2
R4 Al0, E9
VRI A2, A4, wiper to C3
: : e Cl Al3, EI3
Common FI5
The component parts of the flash head before assembly T {L‘T. winding El6
H.T. winding DI3
carefully enlarged with a file until the socket sits Vi C7, Fé6
snugly against the back and side of the reflector base. PL2 Bl19 (Power in +)
Two holes are then drilled through the reflector base PL2 FI9 (Power in —)
and socket plate to take 6 B.A. countersunk head V2 positive Bl
nickel plated screws. V2 negative Fl
The reflector base must now have its reflective V2 titascr DI
coating applied. In the author’s gun this was a piece PL3 €8 Al8 (S 3
of 0-00025in thick aluminised transparent plastic film (Sync inner)
(Melinex) fixed to the reflector base with clear adhesive, PL3 FI8 (Sync screen)
the aluminium side being glued down to leave the '

COIL ATTACHED WITH LACING CORD POWER SUPPLY LEADS
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Fig. 2.13. Component layout of the wiring board. VRI "
fsgshown removgs from its position to indicate its con- Fig. 2.14. Underside view of the wiring board showing
nections the component connections and cut-outs
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but miniature components intended for use on 0-15in
matrix board are available and would be preferable

here,

The connection points of each component are shown

in Table 1. The trigger coil should be strapped to the

board using lacing card or p.v.c. covered wire passed
through spare holes. Note that the lead of R1 is fed
through position A8 and bent up and soldered to strip
B at B8. (A miniature resistor could be connected
direct to B8 and so avoid this strap.) If the preset
potentiometer is used a hole must be drilled through
it between the tags to take the mounting screw.

The board is now fitted, components downward,
on the inside of the backplate, and holes drilled in the
backplate to correspond to holes A3 and C18 in the
Veroboard (see Fig. 2.2). A piece of p.v.c. sleeving
from coaxial cable serves as a spacer under the circuit
board at position A3. Two 6 B.A. screws are pushed
through the backplate and board, and secured with
nuts. Nylon screws and nuts are obtainable from
some component shops and are best used here to
prevent shorting adjacent circuit strips.

Mark the position of the neon and potentiometer,
remove the circuit board, and cut the holes which allow
the neon to be viewed and the preset to be adjusted

COMPONENTS . . .

FLASH-HEAD UNIT

Resistors
Rl 220kQ
R2 1-2MQ
All 1 watt 10 per cent

R3 330kQ
R4 3MQ

Potentiometer
VRI IMQ skeleton preset (Radiospares)

Capacitor
Cl 0:l1uF 250V Polyester (Radiospares)

Transformer

Tl Trigger coil (General Electronics, 129 Portobello
Road, London, W.11)

Gas-filled tubes

VI NT2 Neon indicator (or similar)
V2 FAI0Q Xenon discharge tube (A.E.1.)
(Available from General Electronics, London)

Plugs
PL2 Two-pin plug to fit SK2 on the power unit
(see last month's article)

PL3 4mm sync plug and cable for camera (Arrow-
tabs)

Miscellaneous
Aluminium alloy sheet (half hard grade) 20 s.w.g.,
12in X 12in

Perspex acrylic sheet (clear) plain or fluted, 3%in X
12in X Lin thick from Perspex stockists or Fresnal
lens (Proops Bros. Ltd)

Aluminised Melinex plastic film, 6in X 6in X
0-00025in thick (Utilex Ltd., Mill Street, Kingston
upon Thames, Surrey)

Phosphor bronze or beryllium copper, 3in X lin X
22 s.w.g.

Wood blocks (see text)
P.v.c. covered wire 7/-0048
Araldite adhesive (packet of two tubes)

from the back (see Fig. 2.2). Attach the socket leads,
power supply lead (4ft red and black 7/-0048in
twisted together) and the synchronisation cable
(4mm coaxial plug and coaxial cable, obtainable from
photographic dealers) to the appropriate points on the
board, and fit the board to the backplate. The copper
strip side of the wiring board should be thoroughly
cleaned and lightly smeared with a coat of silicon
grease. This is very important to avoid the possibility
of shorts if any damp is present.

Pass the leads through the flash head box from the
front, followed by the backplate and circuit board,
until the reflector is in position. Place the lens in
position and insert the screws. Feed the cables
back through the box, through the cable storage
compartment until the backplate is in position, and
screw down. After fitting the Radiospares flex-
connector plug PL2 to the power lead the cables can
be coiled and inserted in the storage space. To com-
plete the flash: head, make a T-piece from a scrap of
aluminium to fit the camera accessory shoe and fix in
place with Araldite or screws to the underside of the
flash head case (see photograph on page 703).

CALIBRATION

Plug the power supply lead from the flash head
into the power pack and connect the synchronisation
cable to a camera or suitable shorting switch. Turn
the preset potentiometer in the flash head completely
clockwise and switch S2 on the power pack to half
power.

Interior view of the power pack described last month




Switch on the power pack, and wait for about one
minute, then turn VR1, which controls the neon,
gradually clockwise until the neon just strikes. Press
the camera shutter release and the gun should fire.
If still switched on, the gun will automatically re-
charge and the neon should strike again after 6 or 7
seconds. Repeat this operation with switch S2 on
full power. The gun should now take about 12 to
15 seconds to recharge.

If for any reason the gun fails to fire, it is imperative
that the capacitors should be discharged before the
power pack is opened. This may be done with a short
length of wire in the output socket, but it is better to
short with a low value resistor (say 500Q2) to avoid
damaging C4 and CS5. Touching the capacitor
terminals whilst they are charged up will result in a
severe shock and possible local burning of the fingers.

USING THE FLASH GUN

Having ascertained that the gun functions satis-
factorily, it is necessary to determine the exact amount
of light which the gun provides. This is usually
expressed as a pure number called the guide number,
and which has the value of the product of the camera
aperture and the distance between the camera and the
subject, which will give the correct exposure with the
film used. A table showing the guide numbers
obtained with various film speeds with the author’s
gun is shown below.

TABLE 2: EXPOSURE GUIDE

Film Speed A.S.A. Guide Number

50 56
125 88
140 94
200 112
400 158

To determine a guide number, expose several frames
at different apertures, and one known camera-to-
subject distance. After processing decide from the
prints (or transparencies) which aperture gave the
best exposure. Multiplying this aperture value by the
known distance gives the guide number for the film
emulsion in use.

After about 40-50 flashes, it will be found that the
recycling time of the gun has increased to 30 seconds
or more, and may not even light the neon without
resetting the preset potentiometer in the flash head.
This indicates that the accumulator needs recharging.
If the circuit shown has been incorporated into the
power pack, it is only necessary to plug in the mains
lead and leave overnight. Alternatively the cell
may be charged from any suitable source at 100-150mA
for 8-10 hours, with care. i

References
The author has found the following articles helpful in compiling this
cle:
1. Wakefield, G. Flash Technigues Nos, 6 and 7. Amateur Photographer,
October 2 and 9, 1963.
2. Shelton, R. J. Novel Electronic Flash Unit. Amateur Photographer,
October 24, 1962.

Component Developments

'MPROV’ED washing machines, television sets (including

colour TV), research microscopes and hearing aids are
foreshadowed by new electronic “bits and pieces™
which were shown at the Radio and Electronic Com-
ponent Show at Olympia, London in May.

Among the new components shown by 300 members
of the industry there was a new colour television tube
which will enable bigger and brighter pictures to be
shown on a smaller television set.

A field ion microscope, the first to be developed

commercially in Britain, has a magnification of more
than one million times; for the first time it enables
individual atoms to be “seen”.

One firm foreshadows the use of thyristors, already
proving of great value in industrial control, for making
domestic washing machines simpler, more reliable and
possibly cheaper. By using a thyristor to control a
single motor, gearing is eliminated and the “washing”
and “spinning” speeds can be optimised.

Try and Light the Candle

THIS working exhibit (shown below) on the Mullard

stand at the Components Exhibition effectively
demonstrates the very high input impedance (10 ohms)
of the recently introduced metal-oxide semiconductor
transistor, type 95BFY.

The two bare rods are input connections to a high--

gain d.c.-coupled amplifier with an m.o.s. transistor
in the first stage. Attempts to light the candle fail
because the hot gases produced in the gap by a lighted
match are sufficient to reduce the impedance seen by
the amplifier. The resulting increase in output current
opens a shutter which releases air to extinguish the
match before it can light the candle.




ITH THE rapid expansion of the BBC 2 television

service throughout the United Kingdom, tele-
vision engineers are being faced with an increasing
quota of technical problems relating to the reception
of these broadcasts in the home. Although this article
has been written with service engineers in mind, a
large proportion of viewers will probably find many
answers to their own problems. To help to explain
some of the finer points of u.h.f. reception let us
briefly examine some of the fundamentals of radio wave
propagation.

TRANSMISSION

Radio waves consist basically of two components:
the electrical field and the magnetic field. These two
fields are at right angles to one another and when
transmitted are either horizontally or vertically
polarised according to which field is parallel with the
earth’s surface. Irrespective of their frequency, the

- signals travel at the speed of light, i.e. 186,000 miles

per second or 300,000,000 metres per second and from
this we can derive the wavelength (A) of any particular

transmission:
3 300,000,000 (metres per second)
~  frequency (cycles per second)

Transmissions in the lower frequency bands are
usually referred to by wavelength, whilst those in the
higher bands are quoted in frequencies.

When transmitted, radio waves produce three types
of waves: the ground wave, sky wave, and direct wave.
The effectiveness of these waves depends largely on the
frequency at which they are transmitted. The ground
wave is produced by the electromagnetic component
when the transmission is vertically polarised, that is
when the electrical component is vertical to the earth’s
surface.

The power of the ground wave is determined by the
frequency of the transmission; this can be better
understood if the earth over which the waves travel is
considered as a large capacitor. At low frequencies
the earth offers a high impedance and little power is
lost; as the frequency increases the impedance offered
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decreases until at very high frequencies the ground
wave is practically non-existent. A practical case of
ground waves transmitted at low frequencies is the
BBC Light Programme on 1,500 metres, which can be
received hundreds of miles away from its source.

The sky wave is so called because it is reflected from
the Kennelly-Heavyside and Appleton layers which
exist from about 40 miles to several hundred miles
above the earth’s surface. These layers are electrically
charged (ionised) by the sun’s action and deflect radio
waves. Unlike a mirror, the waves are not directly
reflected, but according to the frequency and state of
ionisation are bent (refracted) before reaching the
earth again,

It is due to this natural phenomenon that reception
of certain frequencies is possible at great distances.
It also explains why any change in these ionised layers
(sun spots, etc.) results in a great variation in the
results received at various times of the year. Very
high frequency waves pass through these layers or are
absorbed by them.

Fig. I. Twin *Yagi’ array for fringe reception. The beam
width is so narrow that very precise positioning must be
carried out to obtain best results.




Fig. . A typical commercial “Yagi’ array by Belling & Lee

The long and medium wave stations are therefore
very reliable under all climatic conditions because of
their powerful ground wave component. The sky wave
produced by medium wave stations is greatly reduced
in power during the hours of daylight and are very
powerful at night, which accounts for the improved
reception of the medium wave band Continental
stations during the hours of darkness.

SKIP DISTANCE

The high frequency band which covers 100-10
metres depends almost entirely on the sky waves for
reception and results, according to climatic conditions
can be very erratic. At these frequencies another
effect called *‘skip distance” is present. It is the area
between where ground waves are non-existent and
where the shortest sky waves begin. In the skip
distance area, no reception is possible. By the use of
directional aerials and choice of frequency, great
distances can be covered, but because of the adverse
effect of climatic conditions this band is very prone to
interference between stations.

Stations transmitting at v.h.f. rely almost entirely
on direct waves for communication, i.e. aerial to
aerial or line of sight. There is also a small percentage
of reflection from the earth. This band is used for
f.m. transmissions, television, radar and many other
services. These bands, which extend from I to III,
have now become so crowded that any new service
had to be allocated a frequency on a new band, hence
the choice of u.h.f. (ultra high frequency) for BBC 2 in
Band IV (470-582Mc/s).

. SITING AN AERIAL

At these ultra high frequencies communication is
almost entirely dependent on direct waves, which
necessitates the transmitting aerial being very high
above ground (1,000ft or more) if a useful service
area is to be covered. In spite of the high power

(500kW) and high aerials, the BBC 2 transmitter will
only cover a service area of about 25-30 miles radius
from the transmitter and within that area there will be
many locations where the signal strength will be
greatly reduced due to the impeding effects of hills and
tall buildings.

In areas beyond the service limits the service engineer
can estimate his chances of receiving a workable signal
by studying the contours of the ground between his
receiving site and the transmitter. These contours can
be obtained from an Ordnance Survey map. By
drawing a straight line on the map from the position
of the receiving aerial to that of the transmitter, the
various heights can be read off and compared with the
height of the transmitting aerial. For example, if the
viewer’s site is, say, 40 miles from the transmitter
and directly behind a hill 1,000ft high, then his chances
of receiving a workable signal are very small indeed.

U.H.F. waves follow closely the same rules
which apply to light, i.e. they travel in straight lines
from the source of origin. They are largely absorbed
by buildings, so unless the site is very near the trans-
mitter, the use of indoor aerials may be impracticable.
In locations where an indoor aerial will give sufficient
signal, it will have to be very carefully sited if inter-
ference from nearby moving objects is to be avoided.

Loft aerials are a better answer if the location is near
the transmitter, but here the engineer must first ascertain
whether the roof is lined with metal or not. In
positioning the aerial, he must make sure that no
piping, tanks, etc. are near the aerial, as at these
extremely short wavelengths, they can produce per-
manent ghosts and reflections which can ruin reception.

FEEDER LOSS

It is well to remember that the signal strength
required for good reception at these frequencies is at
least three times more than those required for Band III
(ITA). One of the main contributory factors to

707




S

this is that, as frequency is increased, the noise
generated within the receiver itself is greater. To
suppress this self-generated noise, a much greater signal
strength is required. The feeder to the receiver also
adds to the loss, but by using standard low loss feeder
it has been proved that very little improvement can be
gained by fitting other types of-cable if the installation
is to be kept within practicable limits.

Whilst dealing with the subject o feeder loss, it

- must not be forgotten that whilst the aerial is a balanced

component, the coaxial feeder is not, since one side,
the outer sheath, is normally connected to earth. The
danger point is near the aerial where currents can be
induced in the outer sheath. This will greatly detract
from the performance of the aerial. Since it is
imperative to avoid all possible losses it is advisable
that the cable be joined to the aerial via a “balun”, a
fitting well-known to the engineer and needing no
description here. The mismatch is much more
noticeable with horizontal aerials than with vertical
aerials by reason of the position of the feeder in
relation to the incoming signal.

ERECTION

Because of the necessity for obtaining as large a
signal as possible, the aerials used for u.h.f. reception
will be multi-element arrays which will follow the
well-known Yagi design. Since the elements of the
aerial are physically small, it is possible to increase
their number and so effectively boost both the total
voltage picked up and their directive qualities. In
view of the size of the elements, the aerials are light in
weight and can be safely installed in exposed positions
where heavier arrays could be unstable. However, it
must be borne in mind that u.h.f. arrays must be
rigidly constructed, as any inclination to sway in the
air when subjected to strong winds can produce
variations in the signal strength received.

The erection and positioning of u.h.f. aerials
especially in areas of low signal strength, calls for
patience. Wherever possible the array should be
moved about whilst results are being observed,
remembering that at their critical frequencies a matter
of inches can mean the difference between a good signal
and a poor one. Beyond a certain point there is little
to be gained by increasing the size of the array and
much better results can be obtained by using a pre-
amplifier.

PRE-AMPLIFIER

With the recent advent of a transistor that is capable
of handling the Band IV frequencies, it is now possible to
build a pre-amplifier which will give an amplification
of about 14dB at low cost. This should give sufficient
gain in areas where the field strength is below 100mV.
The best position to fit such a pre-amplifier is at the
mast head; the power to operate it can be fed via the
feeder or it can have a self-contained battery. Ampli-
fication of a weak signal in the u.h.f. range is more
satisfactory than amplification at lower frequencies
since these signals are free from man-made forms of
impulsive interference. Although Bands IV and V are
free from aircraft flutter, they are subject to disturbance
by passing vehicles, so wherever possible the installation
should be kept as far away from roads bearing heavy
traffic as is possible.

For engineers who construct their own pre-amplifiers
it should be noted that at Band IV frequencies all
connections should be kept to a minimum length,
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since these wavelengths are measured in inches. A
point of warning when using transistors with very
short leads, do not forget to use a heat shunt or your
transistor may be ruined before it is put into service.

SIGNAL STRENGTH

The following is a list of the signal strengths
required to give good results for each of the four
television bands from results of research by the BBC.

Band I 0-115-0-170mV/metre

Badd WM. 0-45mV/metre
Band IV 1-2mV/metre
Band V 2-4mV/metre

At a glance it will be seen that a much greater signal
is required at u.h.f. to obtain comparable results
with the other bands. Added to these requirements
is the fact that the signal strength delivered to the
receiver is only half the signal strength received by the
aerial provided perfect matching conditions exist.

From these facts it can be more readily understood
why an efficient aerial is required even in areas of
comparatively high signal strength. There is one
more factor which must be remembered when dealing
with uwh.f. signals.
transmitter the signal strength decreases more than
three times as rapidly as Band 1.

AERIAL ARRAYS

The long wire inverted L aerial is well known to
all radio experimenters. As the frequency increases,
so the wavelength decreases, until at u.h.f. the wave-
lengths can be measured in inches. The dipole aerials
for v.h.f. and u.h.f. are usually made half a wave-
length long, which makes the dipole for the lowest
channel in Band IV about 124 inches and for the
highest channe] in Band V about 5in. !

Elements positioned behind the dipole are known
as reflectors; elements in front of the dipole which
are pointed towards the transmitter are called directors.
The complete array is known as a Yagi (see Fig. 2).

continued on page 713

Fig. 3. Antiference *Uniray’ aerial for the Winter Hill area,
comprising 3-element Band Il plus 9-element u.h.f. arrays
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PART FIVE

IT I1s not the intention in this series to delve deeply
into the theory of transistors; information on this
aspect has been published recently. This series is
mainly concerned with the application of transistors,
It is assumed throughout that the reader already has
some rough idea of how a transistor works. Where it
is essential to the text, simplified terms are used to
indicate certain characteristics of the transistor.

It should be stressed at this point that it is nof
necessary to know all the finer points of transistor
theory in order to be able to design complete, and often
complex, circuits.

The essential knowledge of transistors that is needed
in order to understand this series can be summed up
as follows:

TRANSISTOR CONFIGURATIONS

While it is true that the theory of operation of the
valve and transistor are quite different, there are many
similarities in their functional operation. In the
triode valve, for example, a small grid-to-cathode
voltage controls a large anode-to-cathode current
flow, while in the transistor a small base-emitter
current controls a larger collector-emitter current.

These voltages and currents are illustrated in Fig.
5.1. Note that only the conventional currents are
indicated; no reference is made to the flow of electrons.

There are three basic configurations in which the
valve can be used: common grid, common cathode, and
common anode. Similarly, three configurations are

ANODE
c
GRID b
+
CONTROL ¢
CATHODE CURRENT

‘ TRIODE VALVE
" Fig. 5.1.

NPN TRANSISTOR

by R. A. DARLEY

used in transistor circuits: common base, common
emitter, and common collector. These last three
circuits are shown in Fig. 5.2, together with details
of gain and impedance. Pnp transistors are depicted
in these, as these are the most widely used of the
two main types.

The three configurations are easily remembered if
the word “grounded” is substituted for “common”,
i.e., in the common base circuit, the base is connected
directly to “ground” (chassis), and is, therefore, com-
mon to both the input and output circuits. A point
that must be remembered is that, while the negative
line and ground are at different d.c. potentials, they
are effectively common as far as a.c. is concerned,
due to the fact that the power supply has a very low
internal impedance. Thus, in the common collector
circuit, the collector is effectively shorted to ground,
and the term “grounded collector’ can be applied.

PRACTICAL TRANSISTOR CIRCUITS

The circuits shown in Fig. 5.2 are, of course, very
much simplified. A practical example of the most
widely used of these configurations, that of the common
emitter, is shown in Fig. 5.3. Three additional
resistors (R1, R2, and R3) are shown.

The working point of a transistor, relative to its
characteristics curve, is determined by the amount of
base-bias applied. This “bias” may be referred to
either in terms of voltage or current, as the two quant-
ities are interdependent. The working point may be
set by a simple voltage divider chain, shown as R1 and
R2 in Fig. 5.3. :

Comparison of current flow in a triode and the two types of transistors [|I
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The basic transistor is, unfortunately, notoriously tending to reduce the emitter current. To prevent
unstable when subjected to termperature changes, and this feedback acting on signals applied to the transistor

suffers from such ailments as thermal runaway, chang- input, a decoupling capacitor (C2) is connected in
ing input and output impedances, etc. No complete parallel with R3, thus preventing a.c. feedback.

cure for these troubles exists, as yet, but they can, with The larger the value of R3, the better will be the
careful design, be at least kept under control. stability. A limit is set on the maximum value of R3

By placing a resistor in series with the emitter (R3 by the amount of voltage drop that can be afforded
of Fig. 5.3), d.c. negative feedback is obtained; any across this resistor; this will depend on the current,
increase in emitter current results in an increased and hence peak-to-peak output signal, needed at the

voltage drop across the emitter resistor. If no corres- collector. In practice, it is adequate to allow for a
ponding increase in the input voltage to the base has voltage drop of } to 1 volt across the emitter resistor.
been made, the base-emitter voltage is reduced, thereby As mentioned above, the transistor input impedance

=—————e
1

Fig. 54b. The effect of applying negative feedback to the circuit shown in Fig. 5.4a
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may be subject to change with ambient temperature.
The input impedance is effectively in parallel with R2
of the voltage divider chain, and therefore shunts it,
so that any changes in input impedance may result
in a change in the base-bias voltage, resulting in
instability. The current flowing through R1 is shared
by R2 and the base and, by ensuring that the current
drawn by R2 is about 10 times greater than that of the
base, the effect of variations of base current on the bias
voltage is considerably reduced and greatly improved
stability is obtained. Generally, the lower the values
of R1 and R2 for any given voltage divider network,
the better the stability will be.

SINGLE COMMON EMITTER STAGE

When designing a single stage common emitter
circuit decide from the manufacturer’s literature on the
transistors working point. For example, an OC71
transistor should be designed to work with an emitter
current of about 1mA, in most cases.

Refer to the manufacturer’s literature to find the
permissible collector current swing without undue
distortion, and from this value select Rz to give the
required output voltage swing.

Now select the emitter resistor R3. Remembering
that the recommended voltage drop across this resistor
is between 1 and 1 volt, and that in the case of the OC71,
the emitter current is ImA, R3 will be between 500 and
1,000 ohms. Leakage and base currents have been
neglected since they are relatively small and in this
calculation are insignificant.

Connect a potentiometer (about 100 kilohms)
between the positive and negative supply lines with
the wiper connected to the transistor base. Monitor
the emitter current and adjust the potentiometer
until the emitter current is ImA. Measure the base
voltage between the wiper and chassis and then replace
the variable resistor by two fixed value resistors, R1
and R2, with values calculated to give the same base
voltage, but with the lower reistor (R2) taking ten
times more current than the transistor base. Connect
capacitor C2, with a value of about 100xF, in parallel
with R3, to eliminate a.c. negative feedback.

This procedure applies ONLY to a single, unloaded
stage. When designing the circuit to feed into a
specific load, such as the input impedance of a follow-
ing stage, the value of the collector load, Ry, is chosen
to give an impedance match, since Ry is effectively
in parallel, and shunted by, the output load.

In some cases R2 may be omitted from the circuit,
in which case R1 is regarded as a series base current
control resistor. Again, it may be found that R1 is

replaced by the collector load of a preceding transistor.

Stability may be maintained in this case but it is de-
pendent on the stable functioning of the previous stage.

FREQUENCY RESPONSE

Generally speaking, the frequency response of an
RC-coupled transistor a.f. amplifier is limited by two
factors. At the low frequency end of the response
curve, the limit is set by the time constant of the input
coupling capacitor and the base-to-ground impedance
of the circuit. For a good low frequency response, a
long time constant is required; the input impedance
of a common emitter amplifier is generally fairly low,
however, and the best way of obtaining a really good
low frequency response is to use either a very large
value of coupling capacitor, or d.c. coupling between
the input and base.

o oribhE Y

The high frequency response is limited mainly by the
characteristics of the transistor. The cut-off frequency
of a transistor is usually given in the manufacturer’s
literature. That of the OC45, for example, is given
as about 6Mc/s. It should be noted, however, that
this figure applies only to the common base mode of
operation, and that in common emitter only a fraction
of this figure will be obtained.

NEGATIVE FEEDBACK

The transistor is basically a non-linear device and,
although a practical circuit may be designed to work
on the most linear part of the characteristic curve,
some distortion of the signal at its output must in-
variably result. By applying negative feedback over
the circuit, both the noise and distortion may be kept
low. Unfortunately, the gain is reduced also, so no
improvement in signal/moise ratio rtesults. The
effective cut-off frequency of the circuit is, in the
common emitter mode of operation, increased.

If 6dB of negative feedback is applied over a common
emitter stage the noise and distortion are halved and
the effective cut-off frequency doubled. Negative
feedback is feedback in antiphase to the input, and the
action may be understood with reference to Fig. 5.4.

To illustrate this let a sine wave of 1 volt peak-to-
peak be fed to the input; the transistor has a mean
gain of 10, but the distortion due to non-linearity is
such that at the output the positive half-cycles rise
to 7 volts peak and the negative ones to 3 volts peak.
This is the output signal without feedback.

Now suppose that one-twentieth of the output is
fed back to the input, in antiphase. When the positive
half-cycle, of 0-5 volts peak, is fed to the input, the
output will be a negative half-cycle of 3 volts peak,
the true gain at this point of the curve being 6. With
one-twentieth of the output fed back to the input, the
feedback signal will have an amplitude of 3/20 = 0-15
volts, so the actual signal on the base will be 0-5 —
0-15 = 0-35 volts. With a gain of 6 the output from
an input of 0-35 volts will be 2-1 volts.

Now consider what happens when the negative
half-cycle of 0-5 volts peak is fed to the input. The
output = 7 volts peak at a gain of 14, and the feed-
back signal = 7/20 = 0-35. The actual signal on the
base is therefore 0:5 — 0-35 volts, which gives a base
signal of 0-15 volts. The gain is 14, so the output
signal = 2-1 volts, exactly the same as was obtained
with the other half-cycle. The distortion is thus
eliminated.

This explanation of the action of negative feedback
is a considerable over-simplification; the gains with
feedback would not be the same as those without it.
The explanation does, however, serve to indicate the
principles involved.

In the case of a single stage common emitter transis-
tor, negative feedback can be obtained by leaving the
emitter resistor unbypassed, or by resistive coupling
of the base and collector.

PHASE CHANGERS

It is sometimes required that a phase change of 180
degrees be imposed on the signal in some part of a
circuit. Such a phase change can be imparted by a
conventional common emitter circuit, and it should be
noted that, when reading circuit diagrams, what looks
like a conventional amplifier may in fact be a mere
phase changer, the stage gain of the circuit being of
secondary importance, and quite often very low.

711




k.

Fig 5.5. Phase splitter or balanced inverter giving
two outputs in anti-phase from a single input
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T
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Fig. 5.6a. Another method [of | phase-splitting] by
using the long-tailed pair paraphase amplifier

OUTPUT

b F ¢

Fig. 5.6b. A variation of the paraphase amplifier 1
known as the differential amplifier in which a single }

output is obtained from two inputs
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PHASE SPLITTERS

It is sometimes required that two outputs, in anti-
phase to each other, be made available from a single
input.

One circuit that fulfils this requirement is shown in
Fig. 5.5. This circuit, sometimes known as the
“balanced inverter”, has equal loads on the emitter
and collector outputs. Since the current flowing in
the collector circuit is practically the same as that
flowing in the emitter, the two outputs across the equal
value loads will be, for practical purposes, of equal
amplitude, but opposite phase.

The unbypassed emitter load resistor introduces
considerable negative feedback, and results in a gain
of a little less than one at each output.

A disadvantage of the circuit is that the two output
impedances are not equal. The output impedance
at the collector is roughly equal to the collector load,
and is thus fairly high, while the output impedance
at the emitter is low, approximating to the input
source impedance divided by the transistor current
gain. This disadvantage can be overcome by con-
necting a resistor in series with the emitter output,
of a value equal to the difference between the two
impedances. When so modified, the circuit gives two
outputs of opposite phase, equal magnitude, and with
equal output impedances, from a single input signal.

Such a circuit may be used for driving push-pull
output stages of an amplifier, or to give symmetrical
deflection on the plates of an oscilloscope from a
single-ended input.

THE “LONG-TAILED” PAIR

Another circuit that can be used for phase-splitting
is shown in Fig. 5.6a. This circuit is a member of
the “long-tailed pair” family, this particular version
being known as the “paraphase amplifier”. The
long-tailed pair circuit is distinguished by the use of a
common resistor shared by the two emitters of the
circuit.

Referring to the circuit diagram, two transistors are
connected in the common emitter mode, each with its
own base bias chain (R1-R2, and R3-R4), but the
input is applied to the base of one transistor only
(TR1). The base of the other transistor is shorted
to a.c. by Cl. With no signal applied, the two base
potentials of the circuit are equal.

Let it be assumed that the transistors TR1 and TR2
have similar characteristics, and that the two collector
load resistors, R6 and R7, are of equal value. The
current flowing through the common emitter resistor
(R5) is shared equally by the two transistors, under
“no-signal’” conditions.

With an input signal applied to the base of TRI,
the negative going part of the input waveform results
in an increase of current through TR1 and, therefore,
through the common emitter resistor RS, The volt-
age developed across R5 increases and, consequently,
the emitters of the two transistors also move in a
negative direction; negative feedback is thus obtained
over TR1.

Now, the part of the input signal that really controls
the emitter current in a transistor amplifier is the
effective difference between the emitter and base
potentials resulting from the input signals, i.e. if
the emitter is at a potential of 15 volts and the base
potential is at 1-7 volts, the true control voltage is
0-2 volts. Thus, in the circuit under consideration,



the effect of the negative-going movement of the
emitter potentials on TR2 is to reduce the difference
between the emitter and base potentials (remember-
ing that the base of this transistor is held at a fixed
potential and is short circuited to a.c.); the emitter
current of TR2 is therefore reduced. The output
signals at the two collectors of the circuit are therefore
in antiphase.

An increase in collector current through one transis-
tor of a long-tailed pair results in a decrease in the
collector current of the other transistor; the total cur-
rent through the common emitter resistor therefore
tends to remain constant. The larger the value of this
resistor, the more nearly constant will the current be.
It therefore follows that, if the ultimate in stability
is to be obtained, an increase of ImA through TR1
will result in a decrease of ImA through TR2, and the
two signals at the outputs will be of exactly equal
magnitude.

Such a circuit will give two output signals of equal
magnitude, equal impedance, but in opposite phase,
from a single input.

In any common emitter circuit (using pnp transistors),
the emitter current can be increased either by applying
a negative signal to the base, or a positive signal to the
emitter.

THE DIFFERENTIAL AMPLIFIER

A variation of the paraphase amplifier, known as the
“differential amplifier”, is shown in Fig. 5.6b. The
main difference between this and the earlier circuit
is that rweo inputs are applied, and only one output
signal is needed; in view of this last requirement, one
of the collector loads can be dispensed with.

The action of the circuit is very similar to that already
described; the common emitter resistor results in
interaction between the two transistors.

When a negative-going signal is applied to the base
of TR1, the emitter current of TR1 increases and that
of TR2 decreases. If, simultaneously, a negative-
going signal is also applied to the base of TR2, the
emitter current of TR2 will increase and that of TR1
will decrease. If the two inputs are of equal amplitude
and phase, the increase in emitter current of one
transistor due to one input signal will be cancelled
by the decrease in emitter current due to the other
input; there will be no change in currents and no out-
put signal will result. If the two inputs are not of
equal amplitude the currents will not cancel out,
and a current that is directly proportional to the
difference between the two in-puts will flow in each
emitter.

In the circuit shown in Fig. 5.6b, only one collector
load has been shown, connected to TR2. If loads
are connected to both collectors, the output of TR2
will be in phase with the base of TR1, and the col-
lector of TR1 will be in phase with the base of TR2.
The collector loads can be connected to one or both
transistors depending on the phase relationship that is
required.

The difference between input signals is dictated not
only by amplitude, but also by phase. Thus, if the
two inputs are of equal amplitude but opposite phase,
the output signal will be proportional to twice the
value of either of the inputs.

Next month: Considerations of the effects of
impedance in transistor circuits and some
practical matching circuits

A)til

UHF RECEPTION

continued firom page 708

If a half wave dipole were used on its own, the
signal strength would be the same from all directions.
If the signal strengths from all directions were plotted
on paper, the results would be a circle with the dipole
as the centre. This kind of graph is known as a
polar diagram (see Fig. 4).

/ (b) (centre) Dipole with direc~
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(0) (e, Simple dpoles  ovied gnas bahind dpel
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\ (e) (right) Polar
diagram of tandem
(d) (left) Tandem Yagi array array

Fig. 4. Polar diagrams of aerial arrays

The addition of reflector and directors has a pro-
found effect on the performance of the aerial as can
be seen from the polar diagrams in Figs. 4b and 4c.
Broadly speaking, the addition of a reflector greatly
reduces the effect of unwanted signals, including
man-made interference, from behind the dipole and
the addition of reflectors increases the gain of the
aerial and also increases the directive qualities of the
whole array.

For fringe area reception where two or more arrays
may be used to increase the signal strength (Fig. 4d),
the directive qualities or beam width is so narrow that
very precise positioning of the aerial must be carried
out to obtain optimum results. The polar diagram
display is shown in Fig. 4e for a twin array. An
added characteristic of multi-arrays is excellent
selectivity.

Next month: Some practical guidance on con-
structing aerial arrays for u.h.f.

713



the

/4

| Ilaﬂﬂ by Jack Hum

The operator who collects the
largest number of contacts, or winkles
out the rarest or most distant
countries (according to how the
rules are framed), will find his call-
sign at the top of the list when the
results are eventually published.

The Hard Slog

To achieve this status is the result
of sheer hard work. Success in
contests calls for nothing less. Nor
is a top place simply a brief moment
of glory, to be basked in for a month
or two before all is forgotten: what
is remarkable is how the same call-
signs appear time after time in the
top positions of the world’s com-
petitive transmitting events.

aid of a transmitter-and-aerial com-
bination of hyper-efficiency and
reliability used at the psychological
moment—and as a rapier, not as a
broadsword.

“Is it worth it?”

Well may the practical electronician
enquire “whether it is all worth it”’,
to which he will be inclined to reply
“Yes” if he agrees that the develop-
ment and exercise of a skill are useful
ends in themselves. Most people
believe that they are.

This belief counterbalances the
oft-heard criticisms that contests
“clutter up the bands™, that “there
is no weekend free of them’ and
that the collecting of code numbers
from a myriad of other stations is a

GoUM

Competitive

Perceptive readers who examined
closely the log extracts reproduced
here last time will have noticed two
details of some significance: that
the contacts logged had been coming
thick and fast, and that each was
accompanied by a code number.

What in fact was being shown
was a portion of a log kept during the
course of a transmitting contest.
This month we reproduce another
such log, this time rather more fully,
comprising one page from the
written record of a radio club station
participating in one of the big annual
transmitting contests organised by
the Radio Society of Great Britain.
It is shown here not so much to
illustrate how a log should be kept
as to underline the intense activity
which such contests produce. Here
too, as will be seen, contacts were
coming thick and fast.

Transmitting contests today occupy
such an important part of the amateur
radio scene throughout the world that
The 73 Page would be failing in its
duty did it not invite the attention
of its readers to them—if indeed they
have not become aware of them
already, for barely a weekend passes
but one contest or another can be
heard in progress somewhere or other
in the world.

Snappy Operating

The immediate evidence by which

the short-wave listener gathers that a -

contest is on is an aura of urgency
that scems to dominate the amateur
bands. Operators may be heard
calling “CQ Contest’”, sometimes
naming the actual event in which
they are participating so that no
answers will be sent by people who
are not! Leisurely conversation is
out during contest time: snappy
operating is in. Contacts are dis-
posed of in the quickest possible
time.
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The station log can be either a self-prepared one ruled up to carry the informa-
tion required by the G.P.O. licence, or it can be one of the several commer-
cially produced varieties which are on the market. The example shown is from
a ““G6DS logbook”. The extract is from a period of contest-operating on the
2 metre amateur band.

monotonous chore that could be
conveniently consigned to a com-
puter—and all of these comments
carry some validity.

0

There is an obvious reason for
this. The operator who is deter-
mined to do well in a contest knows
he will be wasting his time if either
his skill or his technical facilities are
less than one hundred per cent
efficient.

He knows that if he can sort out
that elusive signal from beneath a
pile-up of perhaps half-a-hundred
others which are almost zero-beat
with it then he stands a fair chance
of a top place in the final table.

He knows that this will be possible
only if his receiver is better than the
next man’s—and he knows that “the
next man’’ knows it too!

He knows also that simply to hear
them is not enough: he must be
able to work them as well, with the



Inexpensive
Versatile
Simple to
build

TRANSISTOR and

DIODE TESTER

By B.Crank

THIS instrument was designed to provide an inex-
pensive unit capable of carrying out a series of
d.c. tests on various transistors and diodes. It measures
leakage current between collector and emitter (Ie)
and between collector and base (o). It also enables
transfer and collector characteristics to be determined
quickly for both pmp and npn transistors. Forward
and reverse currents for diodes at various applied
voltages can be measured; Zener voltage can be
determined on silicon Zener diodes.

Indication is by an internal 50xA meter which is
provided with fourteen ranges between zero and
S0mA, and between zero and 25 volts. Collector
voltage is available up to 18 volts in three ranges,
i.e. zero to 1 volt, zero to 9 volts, and 9 to 18 volts.
The circuit employed ensures that any value of col-
lector voltage within the above ranges can be easily
and accurately set. Base current is available in six
continuously variable ranges from zero to SmA.
Collector currents up to 5S0mA can be accommodated.

The unit is housed in a small case 8%in X 5}in X
33in; the whole unit costs about five pounds to make.

CIRCUIT

This is best started by looking into the power supply
arrangements. As can be seen from Fig. 1 two 9 volt
batteries are used these being connected in series

e

and centre tapped. S6 is the “pmp/off/npn” switch
and is shown drawn in the pnp position. The negative
terminal of BY1 is connected via position 1 of Séc
to the top end of VR1. The lower end of VRI is
connected via position 1 of S5a, position 1 of S5d
and position 1 of S6d to the positive terminal of B2.
Thus VR1 has the full 18 volt supply across it. It
will also be noticed that in position 1 of S6a and b
that the negative side of the meter is connected to
S1b and the positive side to Sla. With S6 in position
2 the batteries are disconnected and a short circuit is
placed across the meter to damp the movement of the
needle due to its own self-generated current during
transit. In the third position of S6, i.e. npn posi-
tion, the battery and meter connections are reversed.

For the rest of this description it will be -assumed
that S6 is in the pnp position, i.e. position 1. VRI1
as has already been shown has 18 volts across it, as
long as the unit is switched on, regardiess of other
switch positions, VRI1 forms a potential divider and
is the base current fine control. The potential at the
wiper of VRI1 is fed, via a limiting resistor, selected
by the base current coarse control S4, to the base of
the transistor under test via Sle. The resistors
selected by S4 (R14 to R19) provide the following
ranges of base current: 0-10xA, 0-50pA, 0-100xA,
0-500A, 0-1mA, 0-5mA.
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The action of the collector voltage coarse control
(S5) and fine control (VR2) will be discussed next.
With S5 in position 1 the negative terminal of BY1,
as far as VR2 is concerned, is out of circuit. The
negative terminal of BY2 is connected via R20 to
VR2; R20 allows about 1 volt to be dropped across
VR2, the positive return being S5d and S6d to BI.
Therefore a potential of between 0 and 1 volt is avail-
able at the wiper of VR2.

With S5 in position 2 the circuit is identical except
that R20 is short-circuited. The full nine volts from
BY2 is applied across VR2 so that the potential at
VR2 wiper can be varied between 0 and 9 volts.

With S5 in position 3 the positive terminal of BY2
is connected via S5a to the earth line of the tester
maintaining the 18 volts across VR1. The lower end
of VR2 is connected via S5c and S5d to the battery
centre-tap and is therefore at 9 volts negative with
respect to earth. The upper end of VR2 is con-
nected via S5b to the negative terminal of BYI.
Although there is still only 9 volts across VR2 the

" potential at the wiper is between 9 and 18 volts with

respect to battery positive. The extra complication
involved in giving VR2 this range of 9-18 volts instead
of the much more easily obtained 0-18 volts is well
worthwhile as it means that the operator has a much
finer control over collector voltage.

The main disadvantage of the system used is that
when heavy collector currents are being taken (i.e.
over 10mA) and when the switch is in the 9-18 volt
position, the collector voltage falls sharply for the first
movement of the potentiometer but the voltage soon
recovers and still results in finer control being obtained.

52 and S3 control the meter ranges, provided Sib
is at any position except position four, giving eight
current ranges with full scale deflections of 50xA,
100xA, 250pA, 500xA, 1mA, SmA, 10mA and 50mA.
With S1 in position four the multiplier resistor selected
by 83 is now in the meter circuit to provide up to
0-1v, 0-5V, 1V, 5V, 10V and 25V on each range
respectively.

The instrument functions by applying various
potentials to the transistor under test and by switching

. the meter into various parts of the circuit with S1.

SI IN POSITION | I,

In this position the meter is indicating collector to
emitter leakage current; the basic test circuit is shown
in Fig. 2a. The meter together with a shunt resistor
selected by S2 is in series with the negative supply
to the collector; the base is open circuit.

Reference to Fig. 1 will show how this is achieved.
The negative supply at the wiper of VR2 is fed via
position 1 of Slc through the meter and its shunt
(selected by S2) to the collector of the transistor under
test, via Sla and the external meter socket, The
purpose of this socket is to allow collector currents
of greater than 50mA to be measured on a more
suitable external meter. It also simplifies the process
of plotting performance curves, although this can be
done without the external meter. Normally this
socket is short-circuited when no external meter is
used. The emitter of the transistor is connected to
the battery positive line via S5a, S5d and S6d,

Fig. I (right). Circuit diagram of the complete transistor
and diode tester. All switch positions are related to the
annotations given in Fig. 7. For example: position I of S is
for measuring I.,, and so on
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Fig. 2a. Position 1, (l.,)
collector to emitter
leakage current

TOVRZ .
WIPER(-ve
Fig. 2b. Position 2, (l.p,)
collector to base leak-
age current
R shunt ~
: CA M
+
TOVR2 WIPER
(—ve)
Fig. 2¢. Position 3, (I;) base current
TO VRZWIPER
(~ve

R (Multiplier)

Fig. 2e. Position 5, (I;) collector current

Fig. 2. Basic circuits for each position of S|

SI IN POSITION 2 a0

The basic circuit is shown in Fig. 2b. Here the
negative supply is fed direct to the collector. The
meter and its selected shunt is connected between the
base and earth to indicate collector to base leakage
current.

The negative supply at the wiper of VR2 is fed via
position 2 of SId direct to the collector. The meter
complete with shunt is connected via position 2 of
Slc and Sla between the base and emitter.

SI IN POSITION 3 |,

In this position a measured value of base current is
allowed to flow in the transistor. This checks the
continuity of the base emitter junction and enables
any base current between 0 and 5mA to be preset
so that other checks can be earried out. The basic
circuit is shown in Fig. 2c. The wiper of VRI1 is
connected via a limiting resistor selected by S4 to
one side of the meter and shunt. The other side of
the meter is connected to the base via S6a and Sla.
The meter will register base current, the value of that
base current being controlled by VRI and S4. Also
the negative supply is still connected to the collector.

The negative supply at the wiper of S4 is fed via
position 3 of Sle and Slc to the meter and shunt.
The negative supply to the collector is maintained
via Sld.

SI IN POSITION 4 V.

In this position, the collector voltage being applied
is measured and set to any value within the range of
the instrument. Also the base current preset in the
last operation is maintained. This is because varia-
tions in base current alters the collector current flowing
through the transistor; changes in collector current
cause alteration in collector voltage due to the voltage
dropped by VR2. In this instrument the value of
collector volts required is set after the base current has
been set. The basic circuit may be seen in Fig. 2d.
The base current is still allowed to flow and the meter,
now a voltmeter, is connected with its multiplier
resistor, selected by S3, between the collector and
earth.

The base supply is maintained via position 4 of
Sle and the collector supply by position 4 of Sld.
The multiplier resistor selected by S3 is connected
to the meter via position 4 of S1b, then to the emitter
via Sla,

SI IN POSITION 5 [,

In this position the collector current is measured
and hence the gain of the transistor can be calculated.
The basic circuit is shown in Fig. 2e. The collector
of the transistor is connected to the negative supply

through the meter and its selected shunt, through .

position 5 of Slc and Sla. The previously set base
current is still allowed to flow. The base current
supply is maintained by position 5 of Sle.

METER SWITCHING

The use of separate range switches for voltage and
current reduces the number of switching operations
during the test of a transistor to a minimum. The
voltage range can be preset to a suitable value before
the tests commence. Then it is only necessary to
alter the current range switch from a suitable range
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for base current to one for collector current. If an
external meter is employed this need is eliminated.
The internal meter range switches can be set to suitable
ranges to measure collector voltage and base current,
the external meter being switched to a suitable range
to measure collector current. If this method is used,
collector current can be measured in either the I
or Ve positions of SI, but not in the I. position.
The alteration of the internal meter to a voltmeter
is carried out by the switch S1 to prevent the possibility
of -too large a voltage being applied across it when
on a current range.

Another point worthy of mention is the possible
alteration of base current caused by switching the
meter in and out of the base current circuit. The
actual alteration is very small as the resistance of the
meter is very small compared with the series limiting
resistance switched in by S4., Once again this pos-
sibility is eliminated by using an external meter, as the
collector current can be measured in the I, position.

CONSTRUCTION AND COMPONENTS

The instrument was built in a metal case of the type
used for sandwiches as shown in Fig. 3. The meter

- was a surplus item with a full-scale deflection of 50xzA

and internal resistance of about 1,000 ohms. It is
obtainable on the surplus market for about 235s.
although any similar meter would be suitable. A new
scale has to be fitted, this is reproduced in Fig, 4.
To do this it is necessary to remove the four screws
at the rear of the instrument and remove the case.

2% 3,0

3%

s',g

Fig. 3, Drilling details of the metal case used in the prototype.

(\ 2 4\“"5”/,/;//, “
W

s
el

X
Fig. 4. New scale to suit the ranges of the instrument. This
is reproduced full size for the original meter. If a different
size or shape of meter is used check that the new scale
suitably fits for angle of deflection and length

The scale can then be drawn on paper and glued over
the original scale, care being taken to ensure that it
is correctly aligned. It is a good plan to smear a
little vaseline round the flanges of the case when
refitting to prevent the ingress of dust.

Due to the number of different contact arrangements
used on the wafer switches it is impracticable to show
a point to point wiring diagram, therefore the following
constructional procedure is recommended.

3%

3,“'
cuT ~ouT
e 205 ]
N —
3
h" 7 L
"he
5 "
5%
%
s
the

5'A HOLES Y5 DIA,
4'B"HOLES 5/33DIA.
{'C"HOLE 57z DIA.
8'D'HOLES 3/ DIA.

Some adjustments may be necessary if a different shaped

meter is used
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Sketch each wafer switch used numbering the poles
and tags as in Fig. 1. Redraw Fig. 1 in pencil on a
separate piece of paper. Mount all switches as shown
in Fig. 5 with the exception of S1. S1 is now wired
up; as each wire is soldered on it is inked in on the
previously made pencil drawing. This method ensures
that no wires are omitted. All leads that come from
S1 to other parts of the circuit are left about eight
inches long and are labelled. When completely
satisfied that S1 is correctly wired it can bé mounted
into the case. The rest of the wiring can now be
completed by connecting S1 wires to their appropriate
terminations and adding additional wires and com-
ponents as necessary; mark the circuit diagram as
before.

The values of R14 to R20 are not critical and any
near values can be used. - R11, R12 and R13 should
be 1 per cent high stability types. The values given
for the meter shunt resistors (R1 to R7) are for guid-
ance only. These are adjusted to their exact value
during the setting up procedure. They should be
wound on a small piece of s.r.b.p. using suitable
resistance wire to a value slightly higher than that
specified. R8, R9 and R10 should be high stability
types chosen to be slightly lower in value than specified.

The transistor terminals and external meter con-
nections are made up from 4B.A. brass screws and
mounted on a paxolin or s.r.b.p. strip about }in

&_‘F

BATTERY PACK CLAMP

\ 7NAL BOARD

thick as shown in Fig. 6. The front panel can be
reproduced from that shown in Fig. 7.

ADJUSTING THE METER MULTIPLIERS

After the wiring has been completed and throughly
checked set the switches to the following positions:

S1 Vee S5 0-9 volts
S2 50mA S6 off

S3 25 volts VR1 minimum
S4  10pA VR2 minimum

Connect an external voltmeter to the emitter and
collector terminals with the negative meter lead to the
collector. Ensure that there is a shorting link fitted
across the external meter terminals. Set S6 to pnp.
Slowly rotate VR2 to maximum when both meters
should read 9 volts. Return VR2 to minimum when
both meters should indicate zero. Set S5 to “9-18
volts”. Both meters should indicate 9 volts. Rotate
VR2 to maximum; both meters should indicate 18
volts. Return VR2 to minimum and S5 to the “0-9
volts™ position.

The 10 and 5 volt ranges of S3 can be checked in
the same manner, the only difference in this case
being that the “9-18 volt™ position of S5 is not used.
The 1-0, 0-5 and 0-1 volt ranges can now be checked
for function only, because the internal meter should
read high on these ranges. The appropriate multi-

GROMMET TO

Fig. 5. Interior view of the case with the components assembled. Complete detailed wiring has

been omitted for clarity.

It is recommended that the system of wiring described in the text is

adopted. The wires should be laced into a cable form if possible as shown above

T
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plier resistor is increased in value by careful scraping
with a razor blade to reduce its diameter. When
the meter is reading accurately on these ranges, the
resistors are protected by giving them a coat of clear
varnish.

ADJUSTING THE METER SHUNTS
Set switches to the following positions:

Sl Iy S5 0-9 volts
S2 S50mA S6 off

S3 25 volts VR1 minimum
S4  10pA YR2 minimum

Connect an external milliammeter to the external
meter sockets, the negative test lead going to the
supply terminal and the positive to the terminal con-
nected to the collector. Connect a 150 ohm resistor
between the collector and emitter terminals. Set S6
to “pnp”. Rotate VR2 slowly clockwise; both meters
should indicate a current, the internal meter should
read higher than the external meter. This error is
corrected by reducing the valtie of the selected shunt
resistor.

COMPONENTS . . .

Resistors
Rl 5000
R2 2000
R3  100Q
R4 500
R5 10Q
Bo  5Q
R7 1Q
R8 1k
R9 9kQ
RIO 19kQ
RI1 100k -
RI2 IOOkS. ngb stab. $ watt
RI3 500k0 FooEirkon
R4 |-8MQ
RI5 360k
R16 180k
RI7 36kQ 1 watt 109 carbon
RI8 18kQ
RI19 3-6kQ J
R20 39kQ

Wirewound (see text)

High stab. } watt carbon
(see text)

Potentiometers
VRI 10k linear wirewound
VR2 5k linear wirewound

Switches

SI 6 poles, 5 ways (3 wafers, 2 poles on each; one
pole not used)

S2 | pole, 12 ways (I wafer; 4 ways not used)

S3 | pole, 6 ways (or 2 poles, 6 ways; | pole not
used)

S4 | pole, 6 ways (or 2 poles, 6 ways; | pole not
used)

S5 4 poles, 3 ways

Sé6 4 poles, 3 ways

All switches are rotary wafer types.

Batteries
BYI and BY2 9 volts each (type PP7 or similar)

" Meters
M1 50uA 1,000Q Moving coil

Miscellaneous
Metal lunch box (Woolworth), eight pointer knobs,
s.r.b.p. strip (see text), 4B.A. nuts and bolts
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This must not be done while the instrument is
switched on. To reduce the resistance of the shunt
shorten the length of wire with which it is wound.
This should be done a little at a time. This process
is repeated for all the other current ranges. For the
lower ranges it is advisable to fit a larger resistor

25

7—S/32 DIA HOLES

90000 ol

% | % | w

i
3 s =

Fig. éa. Drilling details of the s.r.b.p. strip for mounting the
screw terminals

“

,,/"*3 PAXOLIN SHEET
MODIFIED

;i SLOT FOR CONNECTING
WASHER- WIRE TO UNIT
4BA SCREW

Fig. éb. The 4 B.A. screw is slotted and mounted as shown
above. The transistor wires can be clamped between the
two nuts when testing
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METER RANGE
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METER RANGE
SOOpA. o/mA
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. »l0mA
1004
L ]
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BASE CURRENT FUNCTION COLLECTOR VOLTS
Iy 0-9V
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FWD REV
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Fig. 7. Suggested design for a front panel made from stiff
card and lettered with transfers. This one is reproduced
approximately half scale
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Fig. 8. A typical graph of the transfer characteristic of a
medium gain transistor

between the collector and emitter terminals. This is
a tedious job but care and patience will be rewarded
in the end. Disconnect this resistor and set VR2 to
minimum when finished.

OTHER TESTS

Check that with S5 in the npn position the internal
meter reads in the correct direction but now the col-
lector terminal is positive with respect to the emitter.
Connect a milliammeter between the base and emitter
terminals, the negative test lead going to the base.
Set S5 to pnp and S4 to 1mA. Rotate VR1 towards
maximum; both meters should show a reading until
ImA is indicated on both meters at maximum. Set
S1 to Vee and I in turn; the internal meter should not
read but the external should still read 1mA.

With a 150 ohm resistor in circuit between the base
and collector terminals select Iep, and ensure that the
meter indicates a reading. If the resistor is discon-
nected the meter reading should fall to zero.

USING THE INSTRUMENT

IMPORTANT NOTE: Care should be taken to ensure
that during the following checks the maximum ratings
for the transistor under test are not exceeded. The
supply voltage should not be switched on until all
switches and potentiometers are correctly set.

Set the controls as before when setting up the meter
shunts. Connect the transistor to be tested to the
test terminals. If an external meter is not being used
ensure that the link is in place across the external
meter test terminals. Set pnp or mpnr as appropriate
and switch on. Slowly increase the setting of VR2;
if the meter reading climbs rapidly the transistor is
short-circuited and the instrument should be switched
off. If the meter does not indicate, or indicates very
little, all is well. Reduce the meter range until the
collector to emitter leakage current can be accurately
measured. Increase the meter range. Set VR2 to
minimum. Select I, on SI1. Proceed as before
only this time collector to base leakage current is
being measured.

Return VR2 to minimum. Set the meter to a high
range. Set Sl to Iy and with S4 and VRI1 set for a
2004A base current. Select Ve on S1 and set the
collector to 9 volts. Switch to I, and the collector
current can be measured. The d.c. gain is given by

collector current 0t
base current O ‘'
This represents the f or o’ of the transistor.

Fig. 9. A typical graph of collector current against collector
voltage for given base currents of a medium gain a.f.
transistor

TRANSFER CHARACTERISTIC

The transfer characteristic is plotted easily using the
instrument. This is done by drawing a graph as
typified by Fig. 8, i.e., base current against collector
current.

COLLECTOR CHARACTERISTIC

Plot _the collector current against collector voltage
for various preset values of base current as typified
in Fig. 9.

TESTING DIODES

Diodes are tested by connecting them across the
collector and emitter test terminals. They can then
be checked at various forward and reverse potentials
using the pmp/npn switch. Voltages and currents
flowing are measured in the Ve, and I, switch positions.

OTHER USES

From experience the user may find this instrument
invaluable in many other ways. Electrolytic capacitors
of low voltage rating may be checked to determine
leakage currents by connecting across the collector and
emitter terminals and applying voltages and currents
as with diodes. The rated working voltage of the
capacitor should not be exceeded.

Resistance can be measured by connecting the
“unknown” across the collector and emitter terminals,
applying a low voltage and measuring as for the
colllector current condition. The resistance is then
calculated by dividing the applied voltage by the
measured current.

Once the instrument has been calibrated against a
known reliable meter, other meters can be calibrated
by connecting to the collector and emitter terminals and
following a procedure similar to that described pre-
viously.

The tester also becomes an excellent tool in experi-
mental work, for example, when it is required to design
a transistor amplifying stage. Various voltages and
currents can be applied to find the most suitable
working conditions of a transistor.

Care should be exercised in all operations of this
tester to avoid undue damage to transistors. Omne
cannot over stress the necessity to watch for rapidly
rising currents indicated on the meter. Switch off
the instrument before such a current rises too high. <
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Automatic Wiring »

ONE oF the many interesting features at the
Components Show held at Olympia in May

was this completely automatic wiring machine

developed by Aircraft-Marine Products.

The rack of equipment on the left is a punched
paper tape programme console, which provides
the wiring machine with information to operate
the moving head. Insulated wire is fed into the
head from a manufacturer’s reel. The insulation
is stripped at the end; a gold plated phosphor
bronze spring clip (like those shown inset below)
is crimped to the wire. The head then locates
the required tag post on a large matrix and
forces the clip on to it.

The head then finds the corresponding post
elsewhere on the matrix to which the other end
has to be attached. The wire is threaded
between the posts on its way. At its destination
the wire is cut, stripped, and again fitted with a
clip which is forced on to the next tag post.

A RARA I

Painless Activity Recorder
A NEW IDEA in the measurement of body move-
ment is announced by Faraday Electronic
Instruments, a company of the Pye Group.
Called the “Animal Activity Recorder”, it
measures and records accurately and electroni-
cally many important movements of animals
(including humans) under observation. It does
this without the use of tilting cages, photo-
electric beams or wires attached to the subject.

The sort of things which can now be measured
electronically without the “patient™ being aware
of it include breath-rate and the precise move-
ments of it in its enclosure; even a hiccup is
registered. How often a baby moves in its cot
and the twitching of the whisker of a rat under-
going drug tests, can all be picked up.

A high frequency low amplitude signal is
generated and fed on to the bottom wire grille
of the cage containing the animal or to the
metal frame of a hospital cot or bed. There is
absolutely no danger in this tiny signal and no
fear of electric shock. The animal or baby then
acts as a “transmitting aerial”” within the radiated
field deflecting the signals to receiving aerials
fastened to the cage or cot.

As the subject moves around, it causes
fluctuations in field strength relative to its
position.



Gount Down [

THIS machine (shown in the photograph on the
right) counts pills; small pills, large pills,
even chocolates, nuts and bolts, seeds, buttons
and many other small items. Known as the
**Mastercount random path detector,” the
electronics attached to the front have been
developed by Decca Radar to count at the rate of
1,500 to 6,000 per minute by using an OCP7I1
photo transistor and a beam of light provided
by a torch bulb.

The equipment employs an
aperture many times larger
than the object to be detected,
hence the need for a narrow
light beam is eliminated.

Automatic Descent

DUPLEX automatic flight control systems are being
fitted to B.E.A. Hawker Siddeley Trident airliners to
provide “autoflare”” or automatic touchdown. The
execution of the difficult landing phase is shared between
the pilot and the electronic equipment developed by
Smiths Aviation Division. The equipment is capable of
guiding the Trident to a more precise position than can be
achieved by a pilot on his own.

At a height of about 150 feet the autoflare equipment is
brought into action until touchdown. Aircraft pitch

movements and throttle adjustments are controlled
automatically while the pilot keeps the aircraft in line with
the runway.

An S.T.C. altimeter, emitting a constant sweep frequency

within the 4,200 and 4,400 Mc/s band, measures the height
of the aircraft during descent.

The picture below shows the flight deck with duplicated
instruments including attitude directors, flight compass,
airspeed indicators, altimeter, and vertical speed indicator.
The automatic flight control panel is mounted at the front
of the pedestal between the pilots’ seats.

The system has been approved by the Air Registration
Board for use on normal passenger services.




- BEGINNERS start here...
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An Instructional Series for the Newcomer to Electronics

'HIs month we complete our present look at inductors
Tand transformers by considering two different
aspects of energy. First we note how energy can be
conserved or stored in a coil, and afterwards we examine
the energy losses incurred in iron-cored components.

STORED ENERGY

One further interpretation of inductor action which
is very interesting is the notion that energy is stored in
the surrounding magnetic field (see Fig. 10.1). This
energy is built up during the current growth: when
the current is switched off, this energy is given back to
the circuit, and tends to keep the current flowing.

If, in fact, the coil is switched completely off, no
current can flow, and the collapsing magnetic field
gives rise to a giant voltage peak across the coil. This
“inductive surge” is put to good use in high voltage
generation for television cathode ray tubes, and in
electronic circuits known as “ringing oscillators”,
“pulse generators™ and “blocking oscillators”. But, in
some circuits, notably transistor designs, these inductive
surges are destructive, and must be guarded against.
Later on we shall discuss methods of doing this. The
storage of energy mentioned above is very similar to a
capacitor—except that in the capacitor the energy is
stored in the electric field between the plates.

LOSSES IN TRANSFORMERS

There are some losses in a transformer. For instance,
if an output power of 100 watts was being taken from
the secondary of a certain specimen, it could easily be
the case that 110 watts was being supplied to the pri-
mary. Where are the additional 10 watts going?

After some little while, the transformer would feel
slightly warm, and this heat produced represents the
loss. 3

Some energy is lost in overcoming the resistance
of the windings—this is known as the copper loss.
Some is lost in eddy current heating of the iron core,
even though this is reduced to a minimum by laminat-
ing the core.

But, this is not the whole story. It takes energy
to continually magnetise and demagnetise the iron
in the core. In fact, the magnetic flux in the core is a
different value while increasing with the growth of
current in the windings, compared with that while the
current is decreasing.

MAGNETIC HYSTERESIS

This lag, or “backlash™ effect is called magnetic
hysteresis, and the characteristic “S” shaped loop is
often seen in connection with discussions on this topic.
Actually, the iron is magnetised by the field produced by
the current. The magnetic flux density, set up by a
magnetising force, we can call B to follow convention.
The magnetising force is denoted by the letter H.
These quantities are connected by a small equation:

B=pH

This “a” is called the permeability of the material
being magnetised. For iron x can be a very large
number, meaning that B can be considerable even
though H is small. Ferrite rods have a large p, for
instance. For iron, B is not proportional to H—we
say the relation between them is non-linear, hence the
distortion that can arise when using cored transformers
in amplifiers.

SPARK MADE AS
SWITCH IS OPENED
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Fig. 10.1. These diagrams show how energy is stored in the magnetic field. (a) The switch has just
been closed and the magnetic field is commencing to build up.
current at this moment is indicated in the graph. (b) The magnetic field has reached peak value,
and the current has now fallen off. The final circuit (c) shows how the magnetic fleld collapses as
the switch is opened. The energy is dissipated giving rise to a large voltage peak which appears

dacross the coil
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Fig. 10.2a. shows how B might grow with H. Notice
how the curve flattens off at the top. This means
that the iron has the maximum B, i.e. flux density, that
it can take., We say it is saturated. This means that
sufficient core area must be used in transformers so
that this saturation is not reached while in operation.

Back to hysteresis again. If we reduce the value of
H, B will fall, but not so fast as expected. In fact
the value of B will still be something, when H has been
reduced to zero (no current). This means there is
some residual magnetism in the core, or permanent
magnetism as it is commonly known. In order to
reduce the value of B to zero, H would have to be
reversed. If a.c. flows in a winding, the core goes
through a complete cycle as above, in step with the
changing H produced by the a.c.

HYSTERESIS LOOPS

A typical hysteresis loop is shown in Fig. 10.2b, com-
plete with saturation in the two directions. Permanent
magnets have a high residual magnetism, as part of
their design. The hysteresis loop for the steel in these

Two iron cored audio frequency transformers. These are
reproduced approximately life size and indicate the kind
of miniature components now in common use

the core (called the “window™). So, an amateur can
fairly easily design and make his own transformers—
but the last point above usually makes itself apparent
after most of the turns have been put on!

'SATURATION

Fig. 10.2a. This shows how the magnetic
flux density B grows as the magnetising
force H increases

devices resembles Fig. 10.2c. The ferrite ring material,
already mentioned in connection with computers in
part 7, usually has a very square loop (it is called
square loop material}—so that the switching over in
direction is well defined and sudden.

Now we finish up this discussion with a final point
about transformer cores.

Energy is required to go round and round the
hysteresis loop, as it were, and this comprises some of
the loss in transformers. It can be shown that the
energy lost is proportional to the area of the loop, so
iron for a.c. cores is chosen to keep the loop narrow
and of small area. Thus the iron losses in a trans-
former consist of two parts, the eddy current loss, and
that produced by hysteresis. Transformers designed
for use on the 50 cycles per second mains must have at
least 1 square inch of core for every 50 watts input
when operating at the correct load. A good rule is to
assume 8 turns per volt for a core area of 1 square inch;
2 square inches would require 4 turns per volt, and
50 on.

The gauge of the wire is chosen to carry the resultant
current. The last point to check is whether the amount

- of wire needed will go into the space available around

Fig. 10.2b. The initial growth of mag-
netisation goes from <0’ to saturation,
thereafter the rise and fall ““cycles” in
the direction shown

Fig. 10 2c. Materials which tend to
retain their magnetisation (permanent
magnets) have a ““flat’’ hysteresis loop
as depicted here

A USE FOR INDUCTIVE KICKS

We end this month with an example of the use of the
voltage pulse produced when the current through a coil
is changed rapidly.

In order to set up the discharge in the gas contained
inside a photographic flash tube, a very high voltage is
required across the starting electrodes to ionise the gas.
The main store of energy (contained in a large capacitor)
then pours through the ionised gas causing a tremend-
ous burst of light output.

The way to get a pulse of a few thousands of volts
for this job is simple, if you remember the theory of
inductors. A small charge is passed through the prim-
ary winding of a transformer by operating the camera
shutter switch contacts. This burst of current produces
a rapidly changing magnetic field which links with the
large number of turns on the secondary winding, and
by Faraday’s Law a large voltage (many thousands per-
haps) is induced across this winding. Thus the tube is
triggered in synchronism with the operation of the
camera shutter.

You should now be able to follow Mr. B. J. Crowe’s
article, using your theoretical knowledge to explain the
circuit action.
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pack provides a convenient and portable source
of power for experimental circuits using transistors,
small motors, lamps, and other low voltage devices.
It incorporates a fast acting current operated trip,
which can be set to any value from 0-5 milliamp to
3 amp. This trip circuit protects the meter, power
supply, and any connected load. The actual power
source comprises four inexpensive cycle lamp batteries,
and these are tapped to provide 3, 6, 9, and 12 volts.

If a moving coil meter is shunted to give a range of
current readings, the voltage across the meter terminals
will remain constant for any given deflection on any
range. The prototype battery pack incorporates a
5 milliamp f.s.d. meter movement with an internal
resistance of 15 ohms which, by calculation, shows a
terminal voltage of 75 millivolts at full-scale deflection.
When this meter is shunted to read 3 amp, for instance,
the voltage across shunt and terminals will still be
75 millivolts.

CIRCUIT DETAILS

By reference to the circuit diagram (Fig. 1) it can be
seen that the transistor TR1 is arranged to “read” the
voltage developed across the meter, via R7, and pulls
in the relay RLA when this voltage exceeds a level pre-
determined by the setting of VRI.

Under normal circumstances this trip circuit is set
to operate at the full scale deflection of the meter, and
will therefore cut out at the values set by the range
switch S2, namely 6mA, 30mA, 300mA, and 3A.
At the most sensitive setting of VR, the trip functions
at lower than 10 per cent of these values.

The circuit is sufficiently flexible to admit other
meter movements and the ranges can be altered to suit
the existing meter calibration and power supply
characteristics. The formula for calculating alter-
native shunt values is

Rm

R=nal

where Ry is the resistance of the meter and n is the
desired multiple of its basic current reading. Shunts
may, alternatively, be manufactured by the “cut and
try” method using a wide range test meter for com-
parison. Generally speaking, a very sensitive low
internal resistance meter would not be suitable for
this circuit,

Almost any a.f. transistor could be used for TR1
provided its maximum rated collector-emitter voltage
is greater than 12. Variations in gain can be catered

LOW VOLVAGE BATTERY PAGIK

BY B.DOUGLAS

for by adjustment of the relay. R9 allows the relay
to hold on after the trip operates by permitting a small
residual current to pass through the connected load.
The trip is automatically reset when the load is
disconnected. Capacitor C1 serves to “hold up” the
voltage across TR1 and the relay long enough for the
trip to function under severe short circuit conditions.
The fifth position of S2 checks the battery potential by
means of the multiplier resistor RS.
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Fig. 1. Complete circuit of the battery pack
Using the relay specified, the cut out operates within
+3; of a second, thus giving, for most applications,
virtually instantaneous protection. If, for example, a
15V 0-3A lamp is connected across the 12V terminals,
with the trip set at 300 mA, there will be no glow
whatsoever before the supply is cut off, and the meter
pointer barely kicks.
CONSTRUCTION
A generally available polystyrene lunch box measur-
ing 12in x 4in x 3%}in was found to be ideally suited
to contain the batteries and components. It will also
stand upright, at a slight angle, thus taking a minimum
of bench space. The transparent lid can be painted
matt black, or coloured if desired, on the outside.
If the lid is pamted on the inside mmute imperfections Spleas )
in the plastic will tend to look unsightly. To avoid
splitting the plastic it is best to make holes with a hot Fig. 2. Details of wiring the switch wafer. This can be a

soldering iron, then enlarge them with a-round file.
Figs. 2, 3 and ‘4 show the layout of components and
wiring inside the box.

Thick wire should be used between batteries, sockets,
and the main meter connections, to avoid inaccuracies,
particularly on the high current range.

A small tag strip, bolted to the + meter terminal, is
used to mount TR1. The relay is fixed on the back
of the box, and the batteries “sit” inside it. Because
of their large current capacity it is unlikely that the
batteries will need replacing frequently so they can be
soldered directly into circuit with short lengths of wire.

hzu..m_____,__._ i 4 T W S P T

2 pole 5 way wafer with one pole left unused

The good contact thus made also helps to maintain
consistent performance. All resistors can be wired
point-to-point directly on to the mounted components.
Finally, the lid is secured to the box with small self-
tapping screws.

SETTING UP

Check that RS indicates the actual battery voltage
when switched on by S2. Set S2 to one of the lower
current ranges and VR1 to maximum resistance.
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Fig. 3. Wiring details of the batteries to the **negative”

sockets
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Fig. 4.

Internal view of the completed unit

COMPONENTS . . .

Resistors
Rl 470Q Ré6 75Q
R2 91kQ R7 4-7kQ
R3 0-025Q w-w R8 2:4kQ
R4 0-25Q w-w R9 10kQ
R5 2:5Q w-w

All high stablli?r, cracked carbon except where
otherwise indicated.

Potentiometer
VRI 100kQ carbon preset

Capacitor
Cl 1,000 uF 12V electrolytic

Transistor
TRI OC71 or NKT 272

Meter
MI 5mA fis.d., 150, moving coil

Relay
RLA 1,000 coil, single pole changeover contacts,
Siemens high speed

Switches
S1, 83 Double pole on/off
S2 Single pole, 5 way

Batteries
BY1-4 Twin cell cycle lamp batteries 3V type (4 off)

Miscellaneous
Polystyrene lunch box 12in x 4in x 3%in
Five wander plugs and sockets

Connect a suitable variable load resistor across the
positive and one of the negative output sockets. The
meter should show that a current is passing through the
load.

Increase the load until the meter reads full-scale,
then advance VRI1 until the trip operates. A click
will be heard from the relay and the meter pointer will
drop to zero. If this does not happen, and there is no
wiring fault, the relay should be set for greater sensi-
tivity by adjustment of its armature spring tension
screw until it pulls in with VR1 set near maximum
resistance. Then disconnect, reduce the value of the
load resistor and reconnect. It should be found that
the trip operates at full scale on all ranges, or at less
than full scale, depending on the setting of VR1.

When, say, a transistor receiver is powered by the
pack, two points should be noted. If there are high
value electrolytic capacitors in the receiver, the switch-
on current surge will cause the trip to cut off the supply.
This can be avoided by setting S2 to a higher current
range initially, then dropping down again to the range
consistent with the normal consumption of the receiver.
Also, audio peaks, not indicated by the meter, but
many times greater than the mean standing current
of the receiver, will tend to operate the trip.

In use, the pack allows minor adjustments to be made
to experimental circuits while they are functioning,
and protects against slow thermal runaway when
transistorised circuits are left on and unattended for
long periods. This is especially useful in development
work and for extended soak tests.



PULSE COUNTER

UNILINITTEDE

|N THIS feature we hope, from time to time, to be able to
p

publish suggestions submitted by some of our readers on the

ossible improvement of projects previously described in PRAC-
TICAL ELECTRONICS; short contributions on other subjects may
be included. The aim is not to find fault or undermine the abilities
or knowledge of our contributors. It may well be that the
original article is par excellence but could be improved or adapted
to suit individual requirements. The views expressed by readers
are not necessarily those of the Editor,

/

R6
5000

0-500pA
M1

D2
QAZ207

+

METER AMPLIFIER

As the output from my version of the pulse counter
was only 50uA, I left the Zener diode out and added
a meter amplifier. This gives about 500zA enabling
a cheaper meter to be used.

To guard against instability through temperature
changes, and to obviate non-linearity or zeroing
difficulties, a silicon transistor such as an OC205 can
be used. If battery variations are troublesome, a
simple Zener stabiliser (OAZ207) may be introduced
as in the circuit diagram above. This should be
effective over the range 11 to 17 volts.

The extra components can be mounted on the
sample piece of printed wiring board which was given
with the April issue of the magazine. To accom-
modate them the components to the right of the
original Zener diode should be moved to the left by
one hole and re-positioned according to the circuit
above.

R. L. Mustow,
Ickenham,
Middlesex.

METER ECONOMY

With reference to the *‘Pulse Counter” in the April
issue I would recommend the following modification.
‘In view of the relatively high cost and fragility of a
100#A meter compared with a 1mA meter I have
modified the circuit as shown to give 1mA output
for 200c/s input. The performance is very linear
but any increase in the value of C4 above 0-5u4F leads
to non-linearity.
F. M. Gray,

Rugeley,
Staffordshire.

Two good ideas well worth considering. Incidentally
a few readers noticed in the article that C4 on the
original drawing and in the components list should be
0-47pF, and the polarity of the meter in Fig. 1 should
be reversed.—Ed.
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SIX VOLT PARKING LIGHT

PARKING LIGHT

With reference to the “Automatic Parking Light”
the circuit shown in the March issue is not sensitive
enough for operation on 6 volt car batteries. It
may work with a high gain pair of transistors but
not with those of low gain.

This can be remedied by a change in the photo
transistors. The OCP71 was originally chosen because
of its small size, but its sensitive area is only about
7 square millimetres. Light sensitive resistors (cad-
mium sulphide cells) such as ORPI2 have a con-
siderably larger sensitive area and, therefore, give
effectively greater output. I am enclosing an alter-
native circuit which should operate from a 6 volt
battery. The value of VR1 may need to be changed
to suit different transistors.

. A. K, Stevenson,

Fife,
Scotland.

|\ CADMIUM
= | SULPHIDE
[)CELL ORP12

FAyTITIRY

RLA1
<4

6V
BY1

-

+|

LAMP

“MODULE SEVEN”

I used the piece of Veroboard, presented with the
April issue, as the circuit board for the construction
of the *“Automatic Parking Light” described in the
March issue.

Specified components were used throughout except
for the photo-transistor. Being unable to afford the
cost of an OCP71 I used a new OC71 with the metal
can removed.

By gently squeezing at the base of the transistor
| with a pair of long nosed pliers, the glass to metal
' seal can be broken and the transistor drawn out of the

case. :
Any glass should be removed (most of it will have
powdered when the can was squeezed), and by using
a pin the majority of the opaque filling can be cleaned
from the transistor junction.

- o
s2
a
RLA
=~ [60on]
a -
TR4 Byl |
26302
Y
L |
RLAA
R2
PUSH TO BREAK, ga-am
ASE T
RELEASE TO MAKE . e
50k,
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To protect the transistor a small piece of plastic
tubing (transparent ink-cartridges are ideal) is placed
over the transistor and stuck with a small amount of
plastics glue to the tramsistor lead-out wires. The
plastic tubing can be painted black leaving a small
area unpainted through which light can pass on to the
collector-base junction of the transistor.

An OC71 modified in this manner has been used in
the “Parking Light” circuit with complete success.
The writer has used the cheap “Red Spot” transistors
in place of the OC71, the only difference being that the
time delay between the light striking the junction and
the operation of the relay is greater.

Nigel Isle,

Stourport-on-Severn,
Worcestershire.

SENSITIVE PARKING LIGHT

I have been experimenting with the circuit from the
article “Automatic Parking Light” in the March
issue and would like to suggest the following circuit
which will operate even a clumsy large relay.

Two OCP71 photo transistors were connected in
parallel as shown in the diagram. When VRI1 is set
to some value between 5 kilohms and 50 kilohms the
relay will operate when light falls on the photo transis-
tors. The push button switch (S1) is normally closed
and is pressed to reset the required condition between
each operation of the circuit.

Battery current consumption is 2mA in the dark
and 5 to 15mA in the light depending on its intensity.

R. W. Marshall,
Belmont,
Harrow.
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TESTING DIODES

Further to the *“Magic Boxes” articles in the March
and April issues, the principle of a diode conducting
in one direction only can be applied to a practical unit
such as a diode tester., I have made an instrument
which will indicate whether a given diode is faulty or
not, or if it is open-circuit or short-circuit. The
polarity of an unmarked diode can also be determined.

The known diode to be tested is connected across
the test terminals—cathode to red and anode to
black as shown in the circuit below. Since the test
diode and D1 will conduct in the same direction the
green lamp LP1 will light. Diode D2 is connected
in reverse; no current will flow through it or LP2.

If the test diode is connected in reverse the red
lamp (LP2) will light due to the current flowing in
the reverse direction through D2.

If the polarity of the test diode is unknown it can
be easily determined from the above tests.

If it is found that both lamps light together, this
can only be due to a short-circuit in the test diode,
which will allow current to flow in both directions.
Since the supply is alternating both lamps will be
illuminated.

Conversely if both lamps fail to light, this must be
due to the diode being open-circuit. Such a diode
would not allow current to flow in either direction.

LP{ ]
GREEN 0A10

LP2
RED

BLACK

o
0 2
i TEST
250v DIODE
MANS 0% ¥
3V e 0 =
51
63V

Most types of diodes and rectifiers can be tested
with this instrument, e.g., germanium, silicon, selenium,
etc., so long as these are above the power rating of this
circuit. This.is governed by the supply voltage and
current rating of the lamps, and should be calculated
to ensure low power diodes can be safely tested.

A 6 volt 60mA lamp is most suitable here and gives
a calculated power dissipation of 360mW. Clearly
any diode rated at about 4 watt or above could safely
be tested. Other lamps and power supplies will work
equally well providing this power dissipation does not
exceed the rated power of the diode.

A 6-3 volt heater transformer will be the one which
is usually to hand and this may be readily employed.
Mine had tappings at 3, 5 and 8 volts. The 5-volt
tapping was used in conjunction with a 6 volt 60mA
lamp, slightly under-running the lamp, and actually
perglii'tted diodes down to about 300mW rating to be
tested.

The internal diodes, D1 and D2 are not critical
so long as they are above the rating of the circuit
as mentioned before. Two OA10s were used, since
they were readily available, but ones with much lower
ratings could have been used.

B. J. McNaughton,
Sutton Coldfield,
Warwickshire.
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THIE

BY J.R. BRADBURY

UTSIDE the communications field the decibel is

somewhat unfamiliar, yet its value to the hi-fi
enthusiast is of far greater significance than some of the
more familiar units.

This article sets out to explain the decibel and its
practical applications, ending with an exposition of
its subjective use in listening which explains its value
in assessing fidelity.

ORIGIN

The decibel (or dB) was originally called the “trans-
mission unit” (itself a development from the “Neper™)
and was the attenuation of a 886¢/s signal in a mile of
standard cable such that

inputpower Py, _ E,
output power P, E,l;

This ratio was easily expressed in common logarithms
and, as it is easier to add or subtract rather than
multiply or divide when calculating gains or losses,
it was adopted as standard for all frequencies.

Later the transmission unit became the “decibel”
and expressed the change in power over a given network
of equipment,

1002

; . 0-1N
PJ, = 10
and

N=10 1og10§! decibels
2

The somewhat large unit of the “bel” equals ten
decibels and is the common logarithm of the power
ratio; the term honouring the inventor of the tele-
phone, Alexander Graham Bell,

BASIC FORMULAE

The decibel is a comparison ratio between two
power levels, one of which is a reference or ‘‘zero”
level. Zero level is sometimes arbitrary—a value
regarded as unity power, of which the other level is
either a multiple or sub-multiple, or can be the
conventional zero level which, in Europe and the UK.,
is a voltage of 0-775 volt r.m.s. across 600 ohms to
give a dissipation of 1 milliwatt. In the U.S.A.,
zero power is regarded as 6 milliwatts.

Amplifier gain, expressed in decibels, is

N=10 1ogm§* decibels (power ratio)
1

P, being the input or zero reference level and P, the
output or compared value,
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Conversion scales of decibels to
power,voltage and current ratios

In this, and other decibel formulae, if the ratio
(i.e. Py/P; in the case above) becomes fractional due
to a power loss as opposed to a gain, calculations are
simplified by inverting the ratio and prefixing the
formula with a negative sign:

N(loss) = —10 logm;’ dB
2

Since the decibel is a power ratio it may be used to
express voltage or current ratios. For instance




P = V*R and if two voltages are measured across
identical impedance values Z, their decibel ratio is

2
N=10 log,o%g

2
= 10 logy, (;:)
= @10logiry?

= 20 logm—g: dB (voltage ratio)

¥, being the zero or reference voltage and ¥V, the
output or compared value. Phase relationships have
been ignored here since they would cancel out in the
above equations.

This only applies if the resistances or impedances
across which ¥; and ¥V, are measured are identical in
both magnitude and phase.

Because P = I’R, the formulae may be similarly
applied to current ratios across identical resistances or
impedances.

DISSIMILAR IMPEDANCES

An allowance has to be made in the case where the
two impedances, are not the same. Voltage ratios
across pure, but dissimilar, resistances are:

N =20 mg,,,% o 101og1.,-ﬁ; dB

(Note that resistance ratios are always the inverse of
the voltage ratios but are not so for current ratios.)
When impedances differ and cannot be regarded
as pure resistances then power = VIcos ¢ = I*Zcos ¢
= V?/Z cos ¢. Hence
Zy COos ¢y

= Ve
N=20 Iogwr—/1 + 1010g1°22 08 Oy dB

where cos ¢ is phase angle between a.c. voltage and
current for each respective impedance.

Conversely, the power ratio equivalent to N dB is

Py _ antilog

= antilog i0
and a voltage ratio

P e %

v, = antilog 20

the decibel equation being transposed and the antilog
found, instead of the logarithm, as part of the trans-
position.

COMMUNICATION NETWORKS

The simplest network always comprises several
components providing gains or losses. Fig. 1 shows
a simple communication network between a micro-
phone at A whose output is carried to a transmitter
at B.

The microphone level is 60dB below (—60dB)
“zero™ level and raised to ‘“‘zero” level by an amplifier
having a gain of 60dB. This is followed by a power
amplifier which increases the level to 4dB above zero
(-} 4dB) to counteract the noise in the transmission line
carrying the signal to the transmitter., During its
passage the signal level is distorted by the component
quantities (inductance, capacitance and resistance) of
the line. To restore the signal to its original quality,
an equaliser network is inserted in the system to cut
down the least attenuated frequencies to the level of
those that have suffered maximum attenuation.

In so doing the overall level of the signal is generally
lower (up to about —50dB). To overcome this the
receiving amplifier (C) is inserted to raise the signal
by 50dB to zero level. A power amplifier boosts the
signal to the required level of +10dB to feed the
transmitter. Adding the gains and losses in the chain:

—60 + 60 +- 4 — 54 - 50,4 10 = +10dB.

STATION A | I STATION B
MICROPHONE VOLTAGE POWER LINE lequatiser VOLTAGE POWER
AMPLIFIER AMPLIFIER I | AMPLIFIER AMPLIFIER
|
_________ T
I
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|
T

e

|

|
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|

|

|

|

=30 = f

/ |
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Fig. I. A simple communications chain.
throughout the chain.

Below it is a graph showing typical levels (in decibels)
The shaded area shows the differences due to line losses between 50c/s and 10kc/s
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These levels are used purely to illustrate a typical
example but in practice there would be several other
items in the circuit whose attenuations and gains
would need to be taken into consideration. It is
obvious from this example that adding and subtracting
decibels is preferable to multiplying and dividing
voltages; calculations can be astronomical, even
for a simple chain.

Knowing the decibel gains or losses of each item
of equipment immensely simplifies the planning of a
communications chain, not only to find the gain
required in amplifiers but also to assess the power
levels and signal/noise ratio anywhere in the chain.

AMPLIFIER FREQUENCY RESPONSE

The frequency response of an amplifier (or other
apparatus) is frequently expressed in decibels which
are related to a “zero” reference level at a given
frequency (often 1,000c/s) at which the amplifier
gain has first been found. The relationship between
the power at two different frequencies is

N =10 1ogm§i dB

where P, is the power at 1,000c/s and P, is the power
at some other given frequency.

In this case if Py, is greater than P, the answer would
be negative and is prefixed by a minus sign. If Py,
is greater than P; the answer is positive and is pre-
fixed by a plus sign.

assuming that the input voltage is constant at all
relevant frequencies. The signs apply as for power.

Some measuring instruments are calibrated in
decibels and read the values of level direct in
decibels. In such a case the voltage at the reference
frequency (say 1,000c/s) is set so that the meter reads
0dB. Hence the relative levels at other frequencies
can be read direct in terms of - NdB relative to the
level at 1,000c¢/s.

Frequency responses can be plotted with the y-axis
on a linear scale for voltage and decibels, and fre-
quency on the three-cycle log x-axis. The decibel
curve is broadly similar to the voltage curve but
always flatter, as shown in Fig. 2,

MEASURING TECHNIQUE

The decibel has been the cause of the introduction of
special measuring techniques—because applying decibel
theory to voltage readings for each frequency can be
time consuming and tedious.

The substitution method is far quicker and has
two variations—both being shown in Fig. 3. The
first (Fig. 3a) is used for assessing amplifier gain or
response, using a calibrated decibel attenuator con-
nected between a test oscillator and the amplifier
under test.

A decibel attenuator is constructed of resistors,
has a constant impedance and is normally calibrated
to vary the attenuation in 4dB steps from zero to 55,
60 or 70dB. The meter M is connected to a change-
over switch S which selects either the attenuator or

thln %’af’ﬁ"ehiit is eaiiier ]I'O wl;::rk in voltages. Hence 4,0 apmplifier output, the latter being terminated with a
e relationship would then be resistance equal to the attenuator impedance.
N = 20 log.. 22 4B Initially, the attenuator is set to zero attenuation and
= By, the meter switched to it, virtually connecting it to the
30
+2 xR iEil T 28
| e — T 2
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Fig. 2. Frequency response curve for amplifier voltage gain with the equivalent decibel response curve for the
same amplifier. The decibels curve shows a characteristically smoother response over, the audio frequency range
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A0 DECIBEL AMPLIFIER Fig. 3a. Substitution method of
OSCILLATOR ATTENUATOR UNDER TEST measuring the frequency response
of an amplifier
S2
AUDIO FILTER LOAD o > >
OSCILLATOR UNDER TEST 9
o Fig. 3b. Substitution method of
___________________ | measuring frequency response of
a filter
DECIBEL
ATTENUATOR

oscillator output, the signal from which must be
adjusted to give a convenient meter deflection.

The attenuator is then set to maximum attenuation,
and the meter is switched to the output of the amplifier
under test. The amount of attenuation is gradually
reduced until the amplifier gives the same output
reading as that obtained in the initial measurement.
The amplifier gain then equals the amount of attenua-
tion in use. This is so because the sum of amplifier
gain and attenuation must equal unity (the attenuator
neutralising the amplifier gain) if the meter deflection is
the same for both positions of the switch.

The second application checks the loss in a filter
or attenuator which may be just as important as the
response of an amplifier. This uses the circuit of
Fig. 3b—the decibel attenuator now being connected
across the apparatus under test but isolated from it
by ganged changeover switches S1 and S2.

The meter is first switched across the filter under

test and the oscillator output adjusted for a convenient
meter deflection. Changing over S1 and S2, so that
the oscillator output passes to the meter through the
decibel attenuator, attenuation is then inserted until
an identical meter deflection is obtained. The attenua-
tion inserted equals the filter loss at the particular
frequency being used.

The input and output impedances of the apparatus
under test should be the same as that of the decibel
attenuator.

LOUDNESS

Loudness is purely subjective and can be defined as
the sound heard by the human ear when the aural
senses are stimulated by a given sound intensity,
i.e. the amount of sound in terms of power and sound
wave pressure.

To produce equal changes in loudness the intensity
must increase (or decrease) in proportional steps.

130 :
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1,000 10,000 20,000

c/s

Fig. 4. The upper and lower limit curves of the Fletcher-
Munson loudness level responses of the average human ear
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Loudness is approximately proportional to the
logarithm of the sound intensity.

Because of this relationship, loudness can be mea-
sured in decibels related to an acoustic “zero” level.
A change in sound intensity of one decibel is the
smallest change that can be perceived by the most
sensitive human ears, and, in practice, the average
person can only detect a change greater than two
decibels.

_ Thus, “electrical” and “acoustical” decibels are
linked. For example, an audio system whose response
is said to be 3dB down at 5,000c/s will lack treble or
“brilliance” to most listeners; if 2dB down this lack of
treble might be detected by listeners of average hearing
but only the sensitive ear of a musician could detect a
change of 1dB.

The decibel therefore offers a useful yardstick for
measuring audio “fidelity”. The output of an ampli-
fier, record player or other audio system having an
overall response within less than 2dB of that of a given
reference frequency is considered to be in the range
of high fidelity.

ACOUSTIC DECIBEL

Fletcher and Munson published a set of curves of
equal loudness and these are outlined in Fig. 4, the
intermediate curves falling broadly between the two
limits shown. The upper limit was found to be the
tolerable limits above which any further increase
causes pain. This limit is known as the “threshold
of pain”, The lower limit indicates what is generally
considered to be where the sound is barely perceptible
to the buman ear. Any further reduction in level is
completely inaudible. This limit is known as the
“threshold of hearing”. The curves reveal that absolute
levels for both thresholds vary with frequency.

The curves also reveal that the human ear is most
sensitive in the middle frequency range between about
800c/s and 6,000 cycles, becoming relatively insensitive
towards 28c/s and 16,000 cycles—with the lower
frequencies being “felt” rather than “heard”.

The curves are statistically based and so must be
accepted with certain reservations; they vary con-
siderably between different individuals, according to
health and age.

In the August
Practical Television
A TRANSISTORISED
E.H.T. VOLTMETER
On sale JULY 22

Iin the August
Practical Wireless
A SOLAR-POWERED

POCKET RECEIVER
On sale NOW

Both only 2/-
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NEWS BRIEFS

Brighter Sharper Pictures

FROM January next year, all Mullard monochrome

tubes in the 19in, 23in and 25in sizes will be designed
to operate at 20kV instead of the present maximum of
18kV. The increased capability will mean brighter
pictures, sharper focusing and a reduction in deflection
de-focusing,

If all of the extra brightness of the 20kV tube is not
required the tube may run at a reduced beam current
to obtain a further reduction in spot size and in deflec-
tion de-focusing.

A new e.h.t. rectifier has been designed for use with
the 20kV tubes. It incorporates special components
to guard against flashover and a 3-rod method of anode
construction to improve reliability and life expectancy.
Numbered DY802, the new rectifier has identical
pinning and dimensions to the widely-used DY87.

The extra scanning power required may be obtained
with existing Mullard deflection valves, but to provide
a reserve of line-output power a mew higher dissi-
pation version of the PL500 will be introduced shortly.

To reduce the size of field-output transformers for
the 20kV tubes, the field-output valve PCL85 has been
re-designed to give an increased dissipation of 8W.

Young “Hams” Gourse

ALONGS]DE a week-end course for youth leaders and
teachers in Nottinghamshire on “The Hobby of
Amateur Radio”, at the Residential Youth Centre,
Ollerton, Nottinghamshire on 11 and 12 September,
there will run a course of lectures for invited estab-
lished Amateur Radio enthusiasts from the East |
Midlands and beyond.

The symposium, organised by the Newark and
District Amateur Radio Society, is being sponsored
by the Radio Society of Great Britain, who are sending
speakers of international repute to cover all aspects of
amateur radio.

Full details of the course may be obtained from
Mr. D. A. Graham, Lower House, South Muskham,
Newark, Nottinghamshire.

|EETE. Making Rapid Strides

THE Institution of Electrical and Electronics Tech-

nician Engineers is making excellent headway and
since April 1st, when membership recruitment began,
5,000 have been admitted to the Institution. Large
numbers of membership proposals and enquiries
are being received daily.

A specialist committee is now working on a pro-
gramme of technical lectures and meetings to commence
in the Autumn and is selecting technical material for
the broadsheet which will be going out to members at
regular intervals; this is to be the “pilot” for the
LE.E.T.E. Journal now being designed. Another
committee is working on plans for the setting up of
Regional Centres, from which a nation-wide chain of
Centres will radiate. Inquiries regarding membership
should be addressed to The Secretary, I.E.E.T.E. Ltd.,
26 Bloomsbury Square, London, W.C.1.



LEARN
ELECTRONICS
— AS YOU BUILD

CIRCUITS
over z 5

EXPERIMENTS
including . . . :

TEST GEAR
® CATHODE RAY OSCILLOSCOPE

A

@ Valve Experiments
@ Transistor Experiments
Electro-magnetic Experiments

@ Square Wave generator
@ Morse Code Oscillator
@ Simple Transmitter

Electronic Switch
@ Photo-electric circuit
@ Basic Computer Circuit
@ Basic radio receiver
@ A.C. Experiments
@ D.C. Experiments

: Basic Amplifier

@ Basic Oscillator

@ Basic Rectifier

@ Signal Tracer

@ Simple Counter

@ Time Delay Circuits

The full equipment supplied comprises: valves, transistors, photo-tube, modern type chassis hoard; printed circuit hoard; full
range resistors, capacitors and inductors; transformers; potentiometers; switches; transistors; valves; all hardware, wiring and
every detail required for all practical work plus CATHODE RAY OSCILLOSCOPE for demonstrating results of all experiments
carried out. All practical work fully described in comprehensive PRACTICAL MANUALS. Tutor service and advice if needed.

This complete practical course will teach you all the basic principles of electronics by carrying
out experiments and building operational apparatus. You will learn how to recognise and handle
all types of modern components; their symbols and how to read a completed circuit or
schematic diagram. The course then shows how all the basic electronic circuits are constructed
and used, and HOW THEY ACTUALLY WORK BY USING THE OSCILLOSCOPE
PROVIDED. An application is given in all the main fields of electronics, i.e. Radio; control
circuits; computers and automation; photoelectrics; counters, etc., and rules and procedure
for fault finding and servicing of all types of electronic equipment.

@ NO PREYIOUS KNOWLEDGE NEEDED
@ SENT IN ATTRACTIVE BOX

@ NO MATHS USED OR NEEDED @ REASONABLE FEE—NO EXTRAS REQUIRED
@ COMPLETE ADYICE SERVICE @ EVERYTHING REMAINS YOUR OWN PROPERTY

-—-————-———_ﬂ

' POST NOW FOR FREE BROCHURE

l To: BRITISH NATIONAL RADIO SCHOOL, READING, BERKSHIRE. Please I

A completely NEW up-to-date
home study experimental course by

send free Brochure, without obligation, to: I
BRITISH NATIONAL |~~~ g :
RADIO SCHOOL - T e MR IR, I e e e WICES WAL (REM AT TR Y I
s Leading Elockronic & - o o s |
.. . . ~ Block Capitals Please
Tralnmg 01‘9 anisation. OR WRITE IF YOU PREFER NOT TO CUT COUPON PE 8.65,

3%




GUITAR AMPLIFIERS ' VALVES
WITH TREMOLO - ALL BRAND NEW AND HAVE FULL WRITTEN GUARANTEE

Five jack socket = /8 g2d1 9. poras: of
inputs,” four  with s o ¥os  5a ot :.{-
separate mixing 6F24 8/8 PLE2 5/
volume controls, and 8/30L2 10/- PL83 6/6
one input “straight A LT PL84 7=
through”, Allinputs S S 0r PL300 15/«
g1 /o 30C17  10/= -
are of very high 3055 8/m it 1%’,‘“
sensitivity only 10, 30FL1  10/- Pvan 5 2
millivolts input s 30LI5  9/9 /1 ?¥51 5;‘5
', required for full out- ::8{;}7 12(";'6 /! PYSZ  Bje
put, making them 20P12 ]‘7',“ ;f,: PYS83 8=
suitable for all types 30P18  12/8 9/ PYS8 78
4 of guitars and micro- S0PLL 9/ 8= PYS00 6/
1 phones, Separate | ;gg%%_’i 1%’3 7‘;‘3 ;"3’3“1 1%::3
Bass and Treble con- /- = 25 f=
et 1 DAFSL  g/- 8/ V26 8/~
trols, giving a wide ' DAF96. 5/- ) 7'.5 Y ] U191 st
_r;:v':'e Te l]azflb “-i nd ::f DF96  8/- ECH42 8/ 6/8 PCLS5 7/6 Uil 1178
separa aster mn 1
control. Tremolo . i
speed  and  depth ‘ BY100 Silicon Rectifiers 7/6 each
controls, Jack Power Transistors equivalent to OC26 6/6 each
socket for remote
tremolo  switching, &
Outputs for 3 and 15 ohms speakers. Valves used in the 80 watt anid FREE— FREE — FREE — FREE — FREE — FREE
50 “;a[tt‘. a{gpéié‘terﬁ(i(.‘qs.‘}, ECOs3, J:; 4, BL34, GZ34. TIn the 1cﬁcwutt
amplifier BCC83, BCC83, L84, L84, BZ81. An'oxtra valve HCCSS is
used in the tremolo circuit. The chassis is complete with baseplate and POWER TR‘A‘N,SISTORISED
s solidly made of 15 gauge steel, finished silver grey hammer, Complete instructions to buiid a 50 watt D.C. Converter.

Size 12 X 8 X 6% inches high,
PRICES—
80 watt with tremolo. .......o0ivuvnen,

12-18 volt input, 250 volf output. This is perfect to runH.T,
.supplies for a T/V in car or caravan. This unit will use

50 watb less tremolo... .. ¥ > 3 transistors as above, We can supply transformer for this at
30 watt with tremolo’, . . i £2.15.0. " Power consumption 2 amps.

30 wattless tremolo ............. s ALL ITEMS DESPATCHED SAME DAY.  MAIL ONLY.  NO CALLERS
15 watt with tremolo,.............. . G

L0 AR 1888 RERLO10 v . s st s o 21110, TERMS — CASH WITH ORDER. ALL ORDERS OVER £1 POST FREE

Add carriage 10/- any amplifier, Send 8.A.E, for free descriptive leaflet, POSTAGE ON VALVES — éd. EACH

OREDIT TERMS ARRANGED * ‘STAMPED ADDRESSED ENVELOPE ALL ENQUIRIES TO
EXPORT ENQUIRIES INVITED
STROUD AUDIO BARKERS, 23 HURSTFIELD ROAD
CASHES GREEN ROAD, STROUD, GLOS. WEST MOLESEY, SURREY
MULTI-TAPPED TRANSFORMERS
ALL PRIMARIES 200, 230, 250 v, RECORDING TAPE. All Brand New
Type . ¥ 5Smé 'Is'apgs Io"'u Amps and Boxed. Excellent quality.
A 3,45,6,8 9,10, 12, "
, 18, 20, 30 v. 2 a5 Al 7” Double Play 2400 {t, 34/6
g, ToNppElE 7” Long Play 1800 fc, 21/6
c Ditto 5 45 5/6 53" Double Play . 1800 fe, 24/~
D Ditto : 8 3596 7. 53" Long Play 1200 ft. 16/6
E 678,10, 14,15, 17, 5’ Standard bl 00T 1173
19,35,'31,33,40, 50 v 3 45 5/ fandard Flay .... e
E . D&:t;‘ 3 lg 3;,5 ;;5 plus many others
G 12, 18, 20, 24, 4 69/6 7/6 .
HEAYBERD TRANSFORMERS ;PUDSSPS‘AKEE% '”{;‘1”—1;"",!““"';}3
Pri. T 200-240 v. Sec. 12 v. 4 a. Brand new. i"x ms 9/ 4"x Bohms
?””d” Fraction of maker's price. 15/~ P.P.2/6. 24"x 3 ,, I5/6( 3" x 3 , 1509
IEM DOUBLE WOUND 33"x35 ,, 19/3| 5" x35 , 22/9
o ,M/ TRANSFORMERS ] 8 x 3 ., 263|10" x3 . 36
7 ’ Pri. Tapped 220, 220, 240 v, Sec. Tapped, 110- | FANE 12" x |5 ohms (20 watt) 5 GNS.
:g&:_" 200 v. A. 47[6. Carr. 5[-, Tropically CHAS8IS made to your specification.
BRAND NEW X\EV'T‘INCEP?EESLECTHIC TIME Standard stock sizes available,
rr .30 dech tacts, “94 b EAR PIECES. Vast range from 4/11 to
HOLE PUNCHES iiz?l.z?gn‘; osﬂ'. a;?-ags:::.l;aea}?i?u?f;ssfinis?_ei“i‘: 10/6 to suit all transistors.
Instant Type 2‘:{‘:;',:;? ::::Qn,s':: ;*fﬁ;gﬁni;?;ak::‘:? rl:ricle't TEST METERS. Panel to multimeters
Eodiametersd | s 0 U, G0 £3.19.6. P.P. 5-. - A& vorreen sk i ““"e";("i"}
Screw-up Type - = rounder ™ is the Multimeter—20 Kohm
35" diameter Toggle switcch ... ... 8/6 ,, ‘.f.';:,"4‘.-":,.,%:.'.‘"%’}.‘J.?;E?.:i,:f’%‘:‘r‘?zb'.’ﬂ volt, £4.19.6,
A i in e BIE Voltage _ Transformers, Smoothing AND HERE'S A SNIP! 300 x 100 x 100
< S 2 e R TS T I, Ehok;s. ?w-;igr-s- S:jlding !\t:ﬁ!;:"d- x 16 MFD. 350 YOLT WKG. CAPACI-
3 % BSA, B9A Lo MBS ow _Tension D.C. Supply Units. n TORS AT ONLY 5/31
R N | R R o bl
- 2 L= O S s . of genuine electronic bargains, call at our shop, see our qualified staff
13" diameter Int. Octal e e 13[4, SAMSON'S ELECTRONICS LTD. :‘;d:;::g:sh);ﬂ-ll‘sgle;'tercn‘i.ccprobflems,
1 " " i s omplex— -
LA R R e A T e
R L - REMEMBER—
o > atar: . ’
LA LR BOTHWELL ELECTRIC
Complete Set £9.3.6. A must for the beginner’s bookshelf . . . SUPPLIES (Glasgow) LTD.
ingi 54 EGLINTON STREET
No extra charge for pnstage.and packing in the U.K. BE GINNE R’S GUID E . GLASGOW, 0.5
Now supplied by : TO ELECTRONICS Member of the Lander Group
' . Squi M.Brit.LR.E,
TBMPKINS & I.UNGMAN I-TD. by Terence L S.qulres, At LR has all you need from ferrite rods to
237 GIPSY ROAD 192 pages, 128 diagrams, 15s. electronic security devices. See for
From all booksellers or in case of difficulty 16s. &d, yourself! =
WEST NORWOOD, S.E27 by post from George Newnes Ltd., Tower House, P.,S. Have you seen our cable prices?
Tel.: Gipsy Hill 5000 Southampton Street, London, W.C.2, Ridiculous, aren’t they?
.- = NEWNES
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New Model 8 Wire Stripper and Cutter
Maulticore Solders Ltd., Multicore Works, Maylands
Avenue, Hemel Hempstead, Herts.

The new Bib Model 8 wire stripper is an
improved version of the standard stripper
marketed by Multicore Solders Ltd. This new
stripper is fitted with a pre-set selector gauge
(this can be seen in our photograph) for strip-
ping any standard wire between 12 and 26
s.w.g. It not only strips wire or flex but also
cuts when required. The model 8 has plastics

handles and retails at 7s 6d. J

Sub-miniature Indicator Lamps
Osram (G.E.C.) Ltd., East Lane, Wembley, Middx.

Our photograph shows one of a range of five
new sub-miniature indicator lamps now being
manufactured by Osram (G.E.C.) Ltd. The
big advantage of these lamps is the ease of
fitting, by means of flange clips, and high
operating efficiency under conditions of severe
vibration and shock. These lamps are obtain-
able in the following specifications: 28V 0-04A,
12V 0-1A, 6V 0-1A, 6/8V 0:04/0-06A and
12/24V 0-04/0-06A.

1
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New Goded Lahel Wiremarkers
Hird-Brown Ltd., Flash Street, Bolton, Lancs.

Probably the most frustrating tasks the
service technician and amateur construc-
tor is confronted with is that of sorting
out a multitude of wires in a piece of
apparatus. To help improve this tedious
problem Hird-Brown Ltd. announce two
new types of wiremarkers. The first are
sets of colour coded, 0 through to 9,
markers in ‘the standard international
colour code. The second are sets of

alphabet letters A to Z printed black on
white.

The markers are self-sticking and com-
prise twenty markers per card. The
number or letter is printed six times on
each marker, and is therefore visible at
all times irrespective of the diameter of
the wire to which it is fixed. Each marker
measures 14in by tin wide and is impreg-
nated with plastic to be oil, water and
wear resistant.

The markers may be removed at any
time without damaging the insulation and
a full set of cards with numbers plus
letters enables wires to be coded with
any combination.
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Bubble Pack Semiconductors

International Rectifier Co. Ltd., Hurst Green, Oxted,
Surrey.

For the first time in this country individual
components and semiconductor kits are now
being marketed on a self-service bubble pack
display board. This form of service, which has
been introduced by the International Rectifier
Co., is aimed at providing the amateur con-
structor with a wide range of semiconductor
devices, including solar cells, transistors, diodes,
Zener diodes, silicon controlled rectifiers and
selenium photocells which are easily obtainable.
In many cases instruction books giving experi-
ments and practical circuits are attached to the
components to encourage the novice, or ex-
perienced engineer, to learn to use semiconduc-
tors for a variety of functions.

This system of sales promotion, although
American in origin, should be of wide appeal
especially to the casual purchaser and school
scicnce master.

Space is limited in this feature to enable the
complete range to be listed, but we recommend
anybody interested to call at any of the following
retailers where either the full range or a large i
proportion of it is on display:

D.T.V. Group, 126, Hamilton Road, West

Norwood, S.E.27.
Stern-Clyde Ltd., 162, Holloway Road, N.7.
Home Radio (Mitcham) Ltd., 187, London
Road, Miﬁ:h;m, Surrey. s s

. . . - G. W. Smit o. Ltd., 3-34, Lisle Street,
Radio Engineer’s Kit W.C2. e
A. C. Farnell Ltd.,, Hereford House, North

Court, Vicar Lane, Leeds, 2.

R.S.C. (Manchester) Ltd., 54, Wellington

Street, Leeds, 1, and at 326, Argyle Street,

Glasgow.

Philips Electrical Ltd., Century House, Shaftesbury
Avenue, London, W.C.2. y

The demand and response achieved by Philips
Electrical Ltd. to their electronic toy kits has

prompted them to produce similar kits for the Harmsworth, Townley & Co., 2, Harehill,
Todmorden, Lancs.

young radio constructor.

Designed specially for the young wouldbe
future electronics expert these kits offer a good
practical exercise in constructing equipment
as well as providing a brief theory of radio,
which is contained in an instruction book
supplied with every kit.
| The basic kit RE1 which costs £5 9s 6d is for
| earphone listening. Kit RE2 which costs
' £6 19s 6d is a three transistor radio with loud-
speaker output. An add-on kit REIA which
! costs £1 17s 6d is available to bring the REI
| kit up to the same standard as the RE2 kit.
| The basic kits are constructed by means of
screw terminals into battery operated medium-
wave radios with on/off, volume and tuning
controls. Each kit has an internal ferrite rod
aerial, but there is provision for attaching an
external aerial and earth if required. Both
kits have a two-tone plastics cabinet.

Additional features incorporated in the RE2
kit are loudspeaker output and inputs for
gramophone pick-up and microphone amplifica-
tion. The more adventurous teenager can
experiment with a tone control and morse code

practice.
3
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JUST ARRIVED !!

NEW EDITION of the famous

items, plus a supplement!

life than previous editions.

Due to the greatly increased size of this new
edition, plus increased costs of printing and
paper, we have regretfully had to raise the
price a little. It now costs 7/6, plus |/- for
postage and packing . . . but we are retaining
the popular feature of including 5 Coupons in the
catalogue, each worth | [- when used as directed.
Send off the attached coupon today, enclosing
your cheque or P.O. for 8/6.

Home Radio Catalogue

Yes . . . just off the press—Reprint No. 11 of our popular Components Catalogue.
It’s the biggest edition yet . .. an extra |7 pages, listing literally hundreds of new
It’s better than ever too—as you will certainly agree
when you examine it. The prices are listed in the separate supplement. Your
catalogue will automatically be kept up to date and will thereby have a much longer

Please write your name and address in block capitals
NAME i
BDDRESS: ... et pdon s b et e

HOME RADIO LTD., Dept. PE. 187 LONDON ROAD, MITCHAM

H'--_I-_-_I-—_---_—-l_------

RETURN-OF-POST
ON CASH OR C.0.D. ORDERS
e AMPLIFIER KITS

We have full stocks of all componentsf or the Mullard 510. Mullard 3.3, Mullard
2 and 3 Valve Pre-amp. Mullard Stereo, Mullard Mixer. Fully detailed list on any
of these sent upon request. lInstruction Manual: All Mullard Audie Circuits in
'Circuits for Audio Amplifiers™, 9/5. Post free.
e LATEST TEST METERS

Cash Price Deposit

Credit Terms
Mthly/Pmts. Credit Price

AVYO Model 8B Mark 111 .. £24, 0.0 £4.16.0 12 of £1.15.2 25.18.0
AVYO Model 7 Mark Il .. £22. 5.0 £4. 8.0 12 of £1.12.9 £24, 1.0
AYO Multiminor Mark 4 £9.10.0 £1.18.0 12 of 14/4 £10.10.0
T.M.K, TPIO ae . £3.19.6 £1. 3.6 3of £1.2.0 £4. 9.6
T.M.K. TP55 ve .s £5.19.6  £1.15.6 3of £1.11.4 £6. 9.6
T.M.K. Model 500 . £8.19.6 £1.15.6 12 of 13/8 £9.19.6
TAYLOR MODEL I127A £10.10.0 £2. 2.0 12 of 15/8 £11.10.0
TAYLOR MODEL 88B £23.10.0 £4.14.0 12of £L.14.6 £25. 8.0

Full details of any of the above supplied free on request.

o GRAMOPHONE EQUIPMENT
ALL LATEST MODELS Credit Terms

ALL POST FREE Mthly/Pmts. Credit Price
GARRARD CHANGERS

AUTOSLIM Mono £6.10.0  £1.15.0 6of £1.00 £7, 5.0

Cash Price Deposit

AUTOSLIM AT6 Mono £11. 9.0 £2, 6.0 12of  16/11 £12. 9.0
AUTOSLIM ATE

Stereo/Mono .. . . £12.54 £2.94 12 of 18/« £13. 5.0
3000 LM Sterco/Mono £12.15.0 £2.150 12 of 18/4 £13,150
AT0 (with Deram Stereo

or Mono cart) .. e .. £27.56 £5.96 120f £2.0.0 £29.9.6
4HF PLAYER UNIT Mono £16.12.6 £3. 6,6 I2of £1.45 £17.19.6
UAIS Mono (B.S.R. Changers) £6.19.6 £1.14.6 6of £1.0.0 £7.14.6
UAIS Stereo/Mon: . .. £1.19.6  £1.19.6 6of £1.2.6 £8.14.6
UA25 Mono as “e .. K£6,19.6 £1.146 6of £1.0.0 £7.14.6
UA25 Stereo £7.19.6 £1. 2.6 £8.14.6

A S = A A9 6 of .
Single Record Players and Transcription Units also available. Send for list.

e ARMSTRONG -

127 M. AM/FM
TUNER AMP. .. £16.10.0  £5. 6.0
224 FM TUNER £22.10.0 £4.10.0
e ILLUSTRATED LISTS
llustrated lists are available on LOUDSPEAKERS, TAPE DECKS, TEST GEAR
GRAMOPHONE EQUIPMENT, AMPLIFIERS. Any will be sent free upon request.

WATTS RADIO ():) LTD
54 CHURCH STREET, WEYBRIDGE, SURREY

Telephone Weybridge 47556

Please note: Postal business only. Callers welcome by appointment.
CLOSED FOR ANNUAL HOLIDAYS, AUGUST 7th TO 30th.

Credit Terms
ash Price Deposit Monthly Pmts. Credit Price

12 of £1.18.10 £28.12.0
120of £1.13.0 £24, 6,0

ﬂl(.'

SUPER 6

LONG & MEDIUM WAVE
TRANSISTOR RADIO

A quality radio available as a kit or ready builc, The sparkling
performance and superb finish of the completed receiver give you
value equivalent to a £12. 12. 0 commercial model.

% All new parts. ¥ 6 transistors and dicde. - % 350mW output,
% Superhet circuit, Ferrite rod aerial. + Weymouth Radio printed
circuit board. Jk¢ Component positions and references printed on
back of board. v Nicely styled wooden cabinet, 11 x 73 X 3%in.
% Vinyl covered in various colours. J 6 X 4in. speaker giving
good bass and treble response. % Full instruction booklet 2/-, Free
with kit. ¥ LF. frequency 470 kc's. % Lining up service if
required. “ All parts supplied separately. Write for list. S.A.E.
please, % 9v. battery required. YT? or P.P.9. (3/9 with kit).

CONPLETE KT MY~ €4 17.6

PLUS 5/- POST
OR FULLY BUILT £6.17.6 Tax & Carr. Paid

V.H.F. Pre-amplifier with high signal-noise ratio and gain
of at least 3:1 under average fringe area conditions. Metal
container 3% * 3% < 12in. high, with strap for eaves, loft or
skirting fixing. 9 volt battery operated, using transistor
AF114. Covers all British and some Continental stations. 88
to 108 M/cs. Order with confidence of improved reception.

ELECTRONICS (Camberley) LTD.

I5 VICTORIA AVENUE, CAMBERLEY, SURREY
‘Post Orders Only Please
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All Types (and Spares)
+ to 50 amp. available
stock.

INPUT 230 v. A.C, 50/60—| NEW {1 AMP FULL RANGE
BRAND NEW Carriage Paid.’ v A
Buy direct from the importer,
keenest prices in the country.

from

VOLTAGE
TRANSFORMER |

Input 230v. a.c. Output
continuously variable
from 0 to 260v. at § amp,

RIABLE

0-260y at £ amp £3 3 0 iz Size: dia. 3in., depth
*0-260v at | amp £4 10 0y 33in. including shaft, single hole fixing.
*0-260v at 2.5 amps £5 17 OIEHSH)’ built into equipment, Ideal for
2.5 amps Portable £9 17 60 manufacturers or Lab. use. £3/3/0.
*0-260v at 4 amps £8 T 6y v m— —— — — -
#0.260v at 5 amps £ 0 oI | AMP. OPEN TYPE  (Type IA).
*0-260v at 8 amps £13 10 0l Designed for building into equipment.
#0-260v at 10 amps £1T 0 0, Complete with voltage panel and knob,
50 AMPS #0.260v ac 12 amps  £19 10 0 | Output variable 0-260v.
*0-260v at 20 amps (:1 10 g Price £4/17/6 post paid.
*0.260v at 37.5 amps  £65 0 T e — o — —
*0-260v at 50 amps €85 0 ul CRATOR 4 Way 16 Amp 250V A.C,
*These instruments are fully ¥ Switch 3 on, | off position, complete
1 AM shrouded. lwnh knob. T/6 p. & p. 1/6.
— — — e S— — — — —
100 WATT SLIDER RESISTANCES INSULATED
POWER I ohm‘.‘. 12 AP 17/6; 1.2 TERMINALS
RHEOSTATS (NEW) - I::1?_'3!7,-:;“2%og,;,,?,?:%h;:n':.lavajlable in black, red,
AVAILABLE IN THE APl [37/6: 36 ohm, 6.5 0 2.8amp., | white, *yellow, blue  and
- 2 tapered winding,geared drive IR 1) et/ g
fgugwms g VﬁLSUEi : ;/h (less knony, 376555 Pl | P & P 1)
onm, a. ohm, a.; Ohm, | se— et —
1.4a; 100 ohm, I a.; 250 uh{g, Fag VAN DE GRAAFF ' YEROBOARD
500 ohm, .45 a.; 1,000 ohm, 280 mA;
1,500 ohm, 230 mA; 2,500 ohm, .2 a. ELECTROSTAT:&?E'&:R:TX:“ 'éhe perforated
o ik 3 3 opper Board _ for {
Diameter 3fin. Shaft length - drive for230v. A.C. | Mog Cireui |
dia. 3%in. All at 27/6 each. P. & P. 1/6. giving apot:néiall ci et i
— — — — — .
approx. 0,000 , .15:<.15 pitch,
INSULATION TESTERS (NEW) ot Supplisd ab ) 2.5%3.75 ... .3

Test to L.E.E. Spec. Rugged meral
construction, 500 volt, 500 megohms.

Price £22. 1,000 volts, 1,000 meg-

ohms, £28,

TYPE 34R SILICON SOLAR CELLI_ e
instructions,

S

for

Four .5 volt units series connected in
high impact polystyrene case, flying
lead connections. Specially designed
diffusing lens system to ensure maxi-
mum light pickup, Output up to 2v.
at 10 to 16 mA in bright sunlight,
Wider spectral response, and thirty
times the efficiency of selenium cells.
As used to power earth satellices!
37/6, and | /- P. & P,

all

I Price 15/-.

plus

demonstrations.
£6/6/- plus 4= P, & P. Leaflet on request,

e S —
BUILD AN EFFICIENT STROBE
UNIT FOR ONLY 37/6.
supply a simple circuit diagram and
electrical
NSP2 Strobe tube which will enable
you to easily and’ quickly construct a
unit for infinite variety of speeds,
from 1 flash in several seconds to
several thousands per minute. f
3/-P, & P.
NSP2 TUBE brand new. 1O, base.l

P, &

g ories for carrying

This
completely safe,
School

parts

solutely complete,
including access-

|2.5'
3.75375......3/8

|3.75 %5..,...5[

out 2 number of in- | Spot face cutter, §/-

Special Veropins,

teresting  experi-
ments, and  full | Pkes. 200...... 14/
instrument is | p. &p. on all items | /-

and ideally suit_ed — — — —
Price METERS
21" Flush Round

A.C. AMMETERS [
0-1,0-5,0-16, 0-15, |
0-20 Amp. All 21/~ |
each, p. & p. extra,

A.C. YOLTMETERS

0-25, 0-50, 0-150 V,
All 21/- each, p. &
p. extra,

0-300 V. A.C. m/e
Rectifier £1.9.0.

We I

including the

37/6

P. 1/6

TRANSISTORS Brandnew| ULTRA VIOLET

Easy to use source of U.V. for dozens of
practical and experimental uses.

Ist grade
ocC28 .. 17/- | OC76 6/~ | Get 105 .., 10/-
OC29* ... 18/- | OC8I* ... 8/-1| Get 573 .., 12/6 | 12
oc4l 7/- | OCB3* ... &/- | 2N706A  17/6 " 12
OC44 6«5‘ OCI139 ... 12/- | 25019 . 30/«
0OC45 5/« | OCl40 ... 19/- | ACIO7
OcC71 5/- | OCI7I ... 9/-| AFLI4 ~,.. 11/
OC72* 7/- | OC200 .., 10/6 | AFII5 .., 10/-
0C73 6/~ | ©C203 14/- | AFL16 .., 10/- I
OC75 7/-| Get 104... 6/~ | AFII7 .. 9/6
BCZIl .. 10/- |+

*Available in Matched Pairs.
o — — — — — —

SOLENMNOID. Overall length 34in., stroke

to iin. Maximum push.8 oz, 12-24 v. D.C,
operation. D.C, resistance 35 ohm. Price 8/6,
P. & P. 1/6. -
SOLENOID. Heavy Duty 230 v, A.C. Approx.
3lb. pull. 15/-, P. & P. |/6.

SOLENOID OPERATED MAGNETIC

RELAY. Type Sc/3944, 4 Pole c/o,, 10 amp.
gogtacts,614 volt D.C, operation, 12/6 each,
. & P, 146,

230 v. A.C. RELAY. Type |, 2 c/o, 2 amp.
contacts, 9/6. Type 2. 215 amp. break, 2x2
Both types

amp. make, | X2 amp. break, 11/6.
ex new equip,

P. & P. 1/6 each.

All Mail Orders—Also callers:

47/49 HIGH STREET, KINGSTON on THAMES

Telephone; KiNgston 9450

Ulcra Yiclet Bulbs, o ;
0-4 MINUTE MECHANICAL ‘

. Transformer to suit the above.
o 14/6 § 240 v. A.C., 12 volt 36 watts, 16/6; P. & P.2/6,
: Input 200-240 v, A,C, 12 volt 60 wact, 22/6.
P, & f

Set
PAINT. Red, yellow, green and cerise.

BULBS

velt 36 watt A.C./D.C, SBC 6/6. P. & P. | /-.
volt 60 watt A.C,/D.C.SBC8/6. P. & P. | /-,
Input 200-

FLUORESCENT

In

:)l"l 4 Colours

Ideal for use with the above
2/6, plus 1/6 P, & P,

oz, tins.

TIME SWITCH

16

‘will

mi

Amp D.P. Switch complete with knob,
switch off any setting between 0-4
nutes.

10/- plus 2/6 p. & p.

LIGHT SEMNSITIVE SWITCH ]
parts, including ORPI2 Cadmium Sulphide

Ph

As New, fraction of makers’ price, ’

— —
. it of

K

price 25/~ plus 2/6 P. & P. ORP 12 including

otocell, Relay, Transistor and Circuit, etc,, ‘

circuit, 10/6 each, plus /- P. & P.

A

CT."MATNS MODEL

I Incorporates Mains Transformer, Rectifier and |
special relay with 3, 5 amp mains c/o contacts, |

Price inc. circuit 47/6 plus 2/6 p. & p.

Personal callers only

9 LITTLE NEWPORT STREET
LONDON, W.C.2 Tel.: GERrard 0576
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NOW ANYONE
CAN AFFORD TO
TRAIN TO BE
AN EXPERT IN
RADIO and
ELECTRONICS

It's the most exciting news of the year! Just
imagine. You can get 35 large, fact-packed
lessons for little more than 1 - per lesson!
The lessons are crystal clear, practical,
easy to master and use. Early lessons make
fundamentals clear even to the beginner,
while other lessons will give you the
practical * know-how " of an expert.

Compares favourably with some courses costing ten
times a8 much. You save because you receive all the
lesgons at ome time and are not required to purchase
equipment you do not need,

This is a real home-study course
into one giant 8 < 1lin. 216 page
is divided into two columus.
the text, e & narrow colun
instructor’ nments, helpful sugg
pictures to simplify the difficult parts.

has been bound
Each page
e column features
the side has the
ions and additional

hat
al

£

it
t

Everyone can benefit from this practical course. No

old fas! ed (or pseudo modern) methods used here,
Just straight forward, easy to understand explanations to
help you make more money in electronics.

The price?  Only 39/8 plus postage 1/6,

Termal  Why of coursel See Cowpon.

OTEER COURSES AVAILABLE
RADIO COURSE (22 lessons, price 36/-)
TELEVISION COURSE (price 38/<)
UNCONDITIONALLY GUARANTEED TO
GIYE COMPLETE SATISFACTION

You must be convinced that this is the best value you
have ever seen in Electronics, Radio or T.V. Training,
otherwise you can return the course (or have your money
refunded if sent with order) after you have examined it
in your own home for a full seven duys.

IF YOU SEND CASH WITH ORDER WE WILL
INCLUDE A FREE BOOK VALUED 5/-. Tick on the
coupon one book for each course ordered with full cash.
These free books are authoritative, and loaded with
information. Would cost at Jeast each if bought
sepurately—by sending cash. you reduce book-keeping
and other costs which suvings we pass back 1o you.

=~ = =FREE TRIAL OFFER~ — —
Pay only 5/- per week if you wish, Clip coupon right
now for this special offer,
To: Sim-Tech Technical Books, Dept, ETV10, Gater's
Mill, West End, Southampton, Hants.
Please send the following courses for o full seven days'
Hal,
[ No. 1. RADIO COURSE,
37/6, incl, postage,
[] Ko. 2. RADIO & ELECTRONICS COURSE,
41/-, incl. postage.
[] Xo. 3. TELEVISION COURSE,
37/8, incl. postage.

(¥ree trial customers tick one only please),

If not delighted, T may return the course post-pwid
without further obligation on mly part. Otherwise I
will pay cash price or 5/- weekly until paid.

[ Wick here if enclusing full purchase price.
Please send me

[] FREE TRANSISTOR CIRCUITS BOOK,

[0 FREE OSCILLOSCOPE BOOK.

Amount enclosed £

T understand ik
s not 1009
full amount (ine

refund this money in full if T
Overseas customers please send




LOUSY BUSINESS

WHENEVER I browse through the
small ads in some of our Ameri-
can contemporaries I am struck by
the number of different firms selling
electronic surveillance devices. True
these announcements are always
addressed to professional investiga-
tors and detectives, but I don’t know
whether the firms marketing these
ultra miniature devices investigate
the bona fides of intending pur-
chasers. They certainly ought to!

The thought of these obnoxious
snooping aids becoming readily
available to all and sundry frightens
me, for one at any rate. This growth
industry in snooping devices provides
an example of how mixed are the
blessings of technical progress. There
is something revolting and distasteful
about eavesdropping in any shape or
form. When this is carried out by
reputable authorities for law enforce-
ment purposes, it is a practice we can
accept—although with some reluc-
tance; but the opportunities these
devices present to unscrupulous
characters must cause grave concern
to anyone who gives the matter some
thought.

Itisonly just and fair to explain that
the electronic industry has also come
up with the antidote to this menace.
One often finds other firms urging the
reader to safeguard privacy by buying
an instrument that detects electronic
bugs, wire tapping and snooping
devices. I suppose it would be quite
funny if it were not for the sinister
complications.

It will indeed be a fine state of
affairs should it ever become normal
routine ‘to check over a room for
electronic ““bugs® before it is deemed
safe for occupancy.

A SHOCKING TALE

HEN is a dog a model? This

is not a riddle but a legal point
the G.P.O. may have to clarify, for I
understand that the 27 Mc/s model
control band is being used for dog
training purposes. Seems a likely
story, vou say? But perhaps you

haven’t heard of the electronic dog
collar which made its first public
appearance at the recent components
exhibition ?

By operating the remote control
transmitter, the trainer can give the
dog a mild electric shock whenever he
wishes to correct its behaviour.
Apparently this gadget has been used
with great success in the training of
police and sheep dogs. It is to be
hoped that the general dog-owning
public do not try to jump on the
bandwagon, because the electronic
collar is not intended as a substitute
for the old fashioned local control as
administered through the leash. I
know the model control fraternity will
echo these sentiments for they have

Switch that confounded thing off
and let poor Booboo down at once!

enough trouble as it is from
unauthorised (two-legged) users of
walkie talkie apparatus operating on
the model control frequency.

Tail piece. Iam unable to confirm
or deny the rumour that the canine
world is not over enthusiastic about
this gadget, but considers it just a pain
in the neck!

REAL TIME

ROUND about the same time that
the World’s Fair computer was
forging ‘““hands across the sea”, as
referred to last month, another of its
brethren was engaged on rather more
sombre business in New York City.
Through evidence compiled by a
computer based on betting trans-
actions, eighty-six men were indicted
on gambling charges. The sig-
nificant point of this case is that
without the computer the prosecution
could not have been made. If left
to mere man, the information could
not have been compiled within the
period of the three year Statute of
Limitations. No doubt, as a result
of this demonstration of computer
against crime, many anti-social types
will feel that time is certainly against
them now. It only makes the other
“time’’ more certain.

NO JAM TOMORROW?

ANY brains are busily working

on schemes to prevent our town
and city centres becoming completely
stagnant with hordes of motor
vehicles. By far the most sophis-
ticated approach suggested so far is
the idea of a sort of “electronic
licence'.

This would be a small article, about
the size of a packet of cigarettes,
which the motorist would purchase
from a tax office and insert into a
special receptacle in the car. Pulses
radiated from cables buried just
below the road surface would be
recorded by this electronic box of
tricks. When some predetermined
“count’ had been reached the
clectronic unit would indicate
“licence expired’’ by switching on a
lamp mounted in a conspicuous
position on the vehicle.

With an arrangement of special
codes, the count rate could be made
to vary for given areas. Thus it
would be possible to price motorists
out of the more central districts; on
the other hand the sparsely populated
districts would probably be entirely
outside the scheme and motoring in
such places would be for free! Well
that’s the theory at any rate,
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Who’s old hat !

Sir—When I was reading Readout
(PracricaL ELECTRONICS, June edi-
tion) I felt compelled to comment
on D. R. Bowman’s letter “Tran-
sistors cap valves”,

I agree with him when he says
that printed circuits are better, in
many respects, than chassis con-
struction, but I fail to agree with
his statement that valves are
“old hat”.

I have recently constructed a
20 watt amplifier with total dis-
tortion only 0-05%; at full output.
The frequency response at 1 watt is
2¢/s to 150kc/s and the power
response  (20watt) 10c¢c/s to
30ke/s, each +40-5dB. Not even
P.W.M. type transistor amplifiers,
can equal this. Surely the EL34,
as I use, cannot be called a special

purpose valve?
A. J. Gay,

Bexhill,
Sussex.

All aglow

Sir—When I was sorting out some
bits and pieces 1 found an old
night-light bulb. I tried it out
and found that it worked, but
when I switched it off, I found that
if I touched the glass bulb that
the filament glowed and as soon
as I took my hand off the bulb
it stopped glowing.

The slightest touch will make it
glow. Could you please tell me
the reason for this.

C. D. Cole,

Kingsbridge,
S. Devon.

This is a neon bulb and it seems that
when your light is switched off the “live”
mains is still present on one contact of
the bulb holder (this means that the
neutral side of the mains supply is
switched, which is incorrect and can be
dangerous). By touching the side of the

e =

A SELECTION FROM OUR POSTBAG

bulb you completed a very high imped-
ance circuit back to earth through your
body. This is often sufficient to produce
a slight glow in a neon bulb due to gas
ionisation.

Slave clock

Sir—I was very interested in the
article on the Electronic Timer
for Sports Events, in the May issue
of P.E.

What T would like to do, is to
adapt the circuit to operate a
slave clock that gives the time of
day. To do this an impulse at
intervals of 30 seconds is required.
Can this be achieved by increasing
the size of the capacitors used in
the circuit of the timer?

P. E. Huggett,
Shirley,
Croydon, Surrey.

It will require a little experimenting
to get the time exactly right, but | would
suggest changing the 2uF capacitors to
50uF (ensure polarity is right when
connecting) and increase the multi-
vibrator charging resistors to about
470kQ. This should give about 30
seconds for each impulse.—l. Hillier.

51
R2
10k
cs
33
COAXIAL 2°°J-'F
TO MiC.
SOOFF
-[ R3
SDPF T 1k

Can you help?

Sir—As your magazine is now

obviously widely read, might I

suggest that a column could, with

advantage to many subscribers, be

devoted to a “Can You Help?”

service. To start the ball rolling

I would like to insert the following:
“Can anybody help to locate a
replacement motor for a
‘Nivico’ Radio Phono-
graph model TRE-2, made by

Victor Co. of Japan Ltd.?”

R. M. F. Clarke,

Porthcurno,

Penzance,

Cornwall.

Powerless experience

Sir—I had a strange experience
recently which you may think
worth recording in your columns.

Wishing to match a low imped-
ance microphone into the input
of a tape pre-amplifier, I made up
a small transistor pre-amplifier
as shown in the circuit below.

This did not work very well,
and I left it until the next day. To
my surprise, it now works per-
fectly, giving a large increase in
volume. On investigating, I found
that the 41V battery had become
disconnected! On checking, I find
that with no battery, or 10k
collector load, I am obtaining at
least 100 times amplification!

I have decided in my own mind
why this is, and wondered if your
readers would care to theorise ?

I am incorporating this “power=
less” pre-amp as a permanent
feature in my recording set up.

S. C. Hooson,
Liverpool, 16.

O]

—4-5V
ATTERY
= HT.+
TAPE
PRE=AMP
COAXIAL LINK
32-2%
0
—0




ASKYS

RADIO

TRANSISTOR
THE SKYROVER RANGE

For the

THE ELECTRONICS ENTHUSIAST

We consider our construction parcels to be the finest ‘value on the home constructor market.
petent to build the set _you may ral.uru it as e recewed within 7 days

Finest

Value

and Service to

If on receipt you feel not com-

when the sum paid will be refunded less poataga

SPECIAL

7 transistor and 2 diode superhet
portables—covering full med. plus 6
SW Bands.

The SKYROVER Mk Il
(Illustrated). Now supplied with redesigned
plastic cabinet in black, grey and chrome with
edgwise controls.

Controls: Wi
with onfoff 8witr
tic cabinet, size |
irim and carrying handie. ok

Cen mow Post

be built for £8 ' 19 s 5= extira
H.P. Terms: £l deposit and 11 monthly
payments of 16/6. Total H.P.P. £10.1s.6d.

The SKYROVER De Luxe

Tone Circuit is nuur]lor'llc-d with mp-r-ﬂc

Volume Control
trol. In plas-
tin. with metal

Tone Conirol in to  Volume

Control. Tuniug ﬂ-nlml and \\'nel:'mvl A simple additional circuit provides Boards Accessories

Selector. Inn wood cabinet, size 111 x 6 coverage of the 1100/1950M. band (in- 2/ 150: .- 3/8 Terminal ping — pkt. of 36 +.ocvirinines 3/8
3in. covered with a washable material, u;zl\ cluding 1500 M. J..n.m programme). This Spot face entter tool )
plastic trim and carrying handle. Algo car is in addition xisting llmllulu Pin inserting tool .,...

aerial sockel fitt and Short wavebands, All necesss

Can now

i Post
be built for £10 19 6 dﬂ:‘\lr\
H.P. Terms: 25/- deposit and 11 mnnlhly
payments of 20/-. Total H.P.P. £12.5s.

Data for each receiver: 2/6 extra. R
batteries 3/4 extra.

GOVERAGE

% LONG WAVEBAND
IS NOW AVAIL-
ABLE FOR THE SKYROVER

)
components \uLh mm.'nu tion data.

only 10/~ exira Post Free.
This conversion is suitable Tor both recei=
vers that have already been constructed.
funded if you purchase the parccl.
All components available separately.

increases on the 1000 V.

nection to Avo
te suitable fo

Price 7

INTEREST
TEST METERADAPTOR

Type P.E. 220—this is a fully transistorised de

which enables any 50 microamp D.C. !ll:llllm te

range an impedance of 1 megohm is :!'I’uul which
range to 100
anges: 1 to 1 000 volts. 1)
& and simila

LASKY S PRiCE 39 6

Post 2/6. Set of balteries 7/5 extra.

ITEMS!

megohms,
immediate

VEROBOARD —

ar matrix of holes.

141505

A really reunrk-h'a- time saver in setting out complicated experimental circuits.
grade laminated board with copper st p~ bonded to it and pierced
3 Ideal for producing sin
As featured in * Practical Electronics ™ April "85 issue.

NOW IN STOCK

Post 8d. per item extra.

TRANSISTORS
GET 81, GET 85, G
Four U2 | Q€ 70, OC 76, OC

ET 86 2/8; 8734, 874P 3/8; 0C45, OC71, OCS1D 4/6; OC 44,
81 b5

g( 42, 0C 43, 0C 73, OC k’[)?,tB QC 201, OC 204 1§/-; OC 205, OC 206 19/6: 0C 28

4/6.

ALL BRAND NEW AND GUARANTEED

(match pair 10/8); AF 117, OC 75, OC 200 B!B-

THE “HARROW" POWER PACK

Battery eliminator for portable radios, cte.
Replaces 44 v., 6 v. and 8 v. batts,
required when ordering.

Converts your battery radio to A.C. mains,

Size only 3in.x 2%in. % 2}in, Btate voltage

LASKY'S PRICE 19/6

TO—O1B 465 ko/s. -
TO—01D 470 kefs.
TO—02B 465 ke/s.

Post 2/-

TRAN SFILTERS By BRUSH CRYSTAL CO. Available ftom stock.

41 kcis.

TO—02D 470 ke/:
TF—01B 465 ke/s.
TF—01D 470 kefs. ==

207 EDGWARE ROAD, LONDON, W.2.

Near Praed St. PADdington 3271/2

33 & 42 TOTTENHAM COURT ROAD, W.I.
Nearest Stn., Goodge St. MUSeum 2605

Open All Day Sat. Erl. Closing Thurs, (42 Toll. Ct. Ed. Erl. Close Sat.) Mail Orders to Dept. I'.E., 207 Edgware Rd., W.2

152/3 FLEET STREEI' LONDON E.C.4.

OPEN ALL DAY THURSDAY.

Telephone: FLEet Street 2833
Early Closing Sal.

SEMICONDUCTOR BARGAINS

.
Silicon Rectifiers

TDOPLV. TB0MA  ....cvivveriania 1/6
750mA 2/-
2/9
4/6
5/8
1,000 C 7/6
],‘J watt Zener Diode - 4/6
1 watt Zener diodes
ov., 9v., 10v., 16v., 22v., 28v,, 30v,
T AN S R 6/-
10 watt Zener diodes
4y., 6v., 8v., 10v. 16v., 19v,
e R R R A R 8/6
10 watt Double Anode Zeners
12v. Regulates pos. or neg. or both .... 15/=
Silicon Controlled Rectlﬁers K
4H.I]I.]J 200 P.I.YV. 18/6
amp. 300 P.1.V, 21/6
18 amp. 300 P.LV, 25/~
18 amp, 400 P.LV. . 28/-
Transistors
2N1046 p.n.p. 12 amp. 5 s, 45/
2N1907 p.n.p. 20 amp. 60 watt 20 m/cs, 50/-
SYL 3073 p.n.p. 360m/jes, 150 mw, .... 16/-
NPN 8ilicon for Hi-Fi etc. f
2N657 100v., 90 gain 4 watts 2m/es. ... 35/-
2N1050 120v, 90 gain 40 watts 2m/fes ..  40/-
8pecial Mullard OCP7T1 .............. 15/6

Posting and packing 1s. up to any 6 items
Full Data on all items available

J. and J. ELECTRONICS

(CANADA)

ALL ORDERS TO:

174 Maybank Road, South Woodford,
London, E.18

Phone: BUC 9315
ALL GOODS NEW AND GUARANTEED
RETURN OF POST S8ERVICE

VWV V7 V7V V7V VP PV Yy Y Yy Y VY Y Y VYT

3

TRANSISTOR |
ELECTRONIC ORGANS
FOR THE AMATEUR

This book presents not only a
detailed design for a full scale
organ, but a complete explanatlon
of everything to do with transis-
torised organs. Profusely illustrated
with clear diagrams.

By A. Douglas & S. Astley
Postage |/-.

18/-.

TRANSISTOR TRANSMITTERS FOR
THE AMATEUR, by D. L. Stoner,
21/-. Postage |/-.

INTRODUCTION |
TO ELECTRONICS, by Bureau of |
US MNaval Personnel. 10/-. Postage I/-. [

ABC’S OF HI-FI & STEREO, by H. |
Fantel. 16/-. Postage |/-.

TROUBLESHOOTING WITH THE
OSCILLOSCOPE, by R. G. Middleton,
20/-. Postage I/-.

COLOR TV REPAIR, by M. Clifferd.
21/-. Postage |/-.

WORLD RADIO TY HANDBOOK.
1965 ed. 26/-. Postage 1/3.

COMPLETE CATALOGUE I/-.

BRITAIN'S LARGEST STOCKISTS
of British and American Technical Books

THE MODERN BOOK CO.

19-21 PRAED STREET
LONDON, W.2 |

Phone: PADdington 4185
Open 6 days 9-6 p.m. J

COMMUNICATIONS
RECEIVERS

NATIONAL NC190X

INTERNATIONALLY FAMOUS
" NATIONAL RECEIVERS

NCI90X =10 valves, 510 ke/s to 30 Mc/s,
S-meter, noise limiters, product detector,
bandspread, double conversion. £99.0.0.
NCI21—6 valves, 540 kc's to 30 Mcs, S-
meter, noise limiter, bandspread ,built-in
speaker. £60.8. 3.

MNC77X~—beginner’s receiver, 5 valves, 540
ke/s, to 30 Mc's, built-in speaker. £32.8.9.

Write for illustrated leaflets

WE HAVE A LARGE STOCK OF
NEW AND SECONDHAND RECEIVERS
— MANY SECONDHAND BAR-
GAINS IN MINT CONDITION
Just write or phone for full details

BRIAN J. AYRES & CO.
Dept. DW, 21 Victoria Road
Surbiton, Surrey
Telephone: Elmbridge 2833
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Practical Electronics Classified Advertisements

issue.

The pre-paid rate for classified advertisements is 1/- per word (minimum
order 12/-), box number 1/6 extra. Semi-displayed setting £3.5.0 per
single column inch. All cheques, postal orders, etc., to be made payable
to PRACTICAL ELECTRONICS and crossed “Lloyds Bank Ltd.”
Treasury notes should always be sent registered post. Advertisements,
together with remittance, should be sent to the Advertisement Manager,
PRACTICAL ELECTRONICS, George Newnes Ltd., Tower House,
Southampton Street, London, WC2, for insertion in the next available

EDUCATIONAL

]

HOME: STUDY COURSES in Practical Elec-
fronics, Tree Brochure without obligation
from: BRITISH XNATIONAL RADIO
SCHOOL, Reading, Berks.

STUDY RADIO, TELEVISION AND ELEGC-
TRONICS with the world’s largest home
study organisation. I.E.R.E., City & Guilds,
R.I.E.B., ete. Also Practical Courses with
equipment. All books supplied. Write for
FREE Prospectus stating subject to I.C.S.
(Dept. 577), Intertext House, Parkgate Road,
London, 8.W.11.

Full-time courses in RADAR and RADIO-
TELEGRAPHY for prospective marine Radio
Officers. Govt. approved exam. centre.

Also courses in basic ELECTRONICS, RADIO,
TELEVISION and PRACTICAL SERVICING.

Apply:—Director, British School of Telegraphy,
20 Penywern Road, Earls Court, London, $.W.5

A.M.l.Mech.E., AM.LLE.,R.E. City & Guilds,
G.E.C,, etc. Become a Technician or Techno-
olgist for high pay and security, Thousands
of passes. ' For details of Exams. and Courses
in all branches of Engineering, Building,
Llectronies, ete,, write for 156-page handbook
—FREE. B.LE.T.(Dept.152), London, W8,

INNER LONDON EDUCATIONAL AUTHORITY
LONDON COLLEGE OF FURNITURE

Applications are invited for the following
part-time  posts. ELEGTHONIP MUSICAL

INSTRUMENTS, 2 days-per week, 0,15-12.30; -

1.30-4.30.

Must be fully conversant with the construction

and servicing of electronic organs and ampli-

fiers. PIANO CONSTRUGTION AND MAIN-

TENANCE, 1 day, 1 evening (6.30-9.0) per
week,

Must be capable of teaching modern construc-
tion techniques and repairs to upright and
grand pianos of all types,

Remuneration each whole day: 151/3; 1
evening: 62/6.

Full particulars and form of application from
the PRINCIPAL OF THE COLLEGE,
Pitfleld Street, Shoreditch, N,1.

EDUCATIONAL
(continued)

B.Sc.(ENG.), A.M.l.Mech.E., A.M.L.E.R.E. City
& Guilds, ete., on “Satisfaction or Refund of
Fee terms. Wide range of expert Home
Study Courses in Llectronics, Computers,
Radio, T.V., ete. 156-page Guide— FREE,
Please state subject of interest. BRITISH
INSTITUTE OF EXNGINEERING TECH-
NOLOGY, 151a College House, Wright’s Lane,
London, W.8.

THE INCORPORATED PRACTITIONERS in
Radio & Electronics (I.P.R.E.) Ltd., Member-
ship Conditions booklet 1/=. Sample copy of
LP.R.E. Official Journal 2/-, post free.
Secretary, Dept ¥, 32 Kidmore Road, Caver-
sham, Reading, Berks.

SITUATIONS VACANT

RECEIVERS AND COMPONENTS

A.1 POST FREE BARGAINS. Guaranteed
reclaimed valves. Send for full list to
Dept. MO/E, A.1 RADIO COMPONENTS,
14 The Borough, Canterbury, Kent,

TRANSISTORS. PXNP from 7d., NPN high

gain from §/-, power types, 20 watt from 7/86,

diodes 6d. ~ All guaranteed. SAE list,

%Oi(iL.\NJJ'S, 6 Mansfleld Place, Ascot.
erks.

OVER 300 ELECTRONIC COMPONENTS in one
great parcel including printed circuit panel
with condensers, resistors, coils, diodes, tran-
sistors, silicon reectifiers, potentiometers IF’s,
valve base’s, tuning condensers, transformers,
ete. Youcan't afford to miss this great bargain
offer. Send 10/~ plus P. & P. 2/6 to D. & W.
LTD., 224 West Hoad, Westcliff-on-Sea, Essex,

EXPERIENCED TEST ENGINEERS

Vacancies exist for experienced test engineers

in the Final Inspection Department of Londex

Ltd. Applicants should possess a minimum of

O.N.C. or equivalent and have current prac-

tical experience of testing and adjusting auto-
matic electrical control equipment.

JUNIOR TEST ENGINEERS

We also require several junior testers. Suitable
applicants ‘will be encouraged to study for
technical qualifications and a day release
scheme is in operation. The work is interest-
ing and demands a methodical and enquiring
mind.. Reliability, accuracy and integrity
are more important than speed. These are
important vacancies which have a direct
bearing on the Company’s reputation and a
high sense of responsibility is vital. There are
ample opportunities for promotion: many of
our senior executives entered the Company

through the Test Department.

FEMALE TESTERS

Vacancies exist for women who have had some

test experience, Working conditions are

attractive and salaries will be in accordance
with experience,

In all cases, write in firsb instance to: Mr. H, G.
STERN, TLondex Ltd., 207 Anerley Road,
London, 8,1.20, SYDenham 3111.

METAL WORK

CABINETS e CASES
CHASSIS
Anything in metal. ** One-offs' a pleasure

Send your drawing for quote
Stove enamelled.in any professional finish

MOSS, WATSON -
40 Mount Pleasant Street, Oldham
Lancs. MAIN 9400

R.&R.RADIO & TV SERVICE

Dept. P.E.
44 Market. Street, BACUP, Tel, 465

Salvage Valves

6F13 46 PCF80 4=
&FI5 5/- PCLB2 6/~
6LI8 4/6 PCLB3 5/—
6K25 10/= PL8I 5/-
6U4GT 5/ | PL82 4/
6BWE 5/- =1 PL83 4/~
6/30L2 5/- PY8I 3/6
EB9I 1= PZ30 5/—
6F1 2/6 [9]:1]] 7/6
EBF80 5/~ u3ol 6/-
EBF89 5/~ U329 5/
EF80 1/6 10F1 1j-
EF91 2/6 10LD 11 5/=
EF85 5/ 10P13 5/6
ECCBI 4= 10P14 5/=
ECC82 4/ 20L1 5/
EY86 4/= 20F2 5/6
ECL80 4/~ 20D1 2/~
20P3 - 20P1 6/6
20P4 7/6 20P5 6/6
gg:{ : g-:- 30FLI 6/6
- =
e o 30PI2 5/
PL3§ 7/6 30P4 /6
PY33 7/6 PY32 6/-
PCC84 4)= PY82 5/

Postage on valves 6d,—3 or more post free,

Closed for local holidays, July 23rd — August 5th, 1965

1 Pole 8-way switch, complete with 8 resistors 2
@ 1K, 2 @ 15K, one each of 22K, 15K, 18K,
6.8K. 3/6 incl. post.

Panel mounting 8 inch flexible extension shafts
for stnd } inch controls, will operate over 180
degrees, 3/6 incl, post.

Speakers ex T.V.6 X4 inch 3/6. 8inchrnd 6/—.

R;sisturs(ycw; % watt 33d., 1 watt 5d., 2 watt
; %

9d. all 10

5.A.E. with all enquiries. All goods subject to

satisfaction or money refunded.
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RECEIVERS AND COMPONENTS
(continued)

F-—u———-—————..-..

RECEIVERS AND COMPONENTS
(continued)

LIGHT SENSITIVE TRANSISTORS, hundreds
of interesting applications, TUnrepeatable at
5/, P. & P. 6d. while stocks last. MEADOWS,
10 Heolyllan, Barmouth, Merioneth.

“p.E,” R/C BRIDGE, V.h.f. Broadcast
Receiver, Integrated Transistor Amplifier,
Two Band Radio Tuner, Inexpensive Oscillo-
scope, . Mullard Miniature Electrolytics and
Hi-stab Resistors. S.a.e, for itemised" price
lists. AJAX ELECTRONICS, 18a Rumbold
Road, Fulham, London, S,W.6.

GUARANTEED BRAND NEW IN
ORIGINAL WOOD PACKING
CASE. CANADIAN MARCONI
52 RECEIVERS—FEW ONLY AT
£10.10s. 0d.

Mains Power Unit £2 , Os . Od.,
supplied - with outer case and
Handbook, circuit set has crystal
calibrator, speaker, etc. Range
1.75 =16 Mcls.

J. T. SUPPLY CO.

38 Meadow Lane, Leeds 11, Yorkshire

TRANSISTORS AT GIVE-AWAY PRICE!
NKT 124/5 switching vransistors. Also capable
of being used in all stmp: of a superhet,
ewmarket 405 10/= each, Miniature
earphones with plug and Jead 5/-. T'ransistor
electrolytics 1/6d. each, DBrand-new 4in
speakers 10/=. (ioods under 10/- add 6d. post-
age please, . F. MILWARD, 17 Peel Close,
Drayton lmsotl, Sraffs,

TESTED TRANSISTORS

I/- each, Red or White Spots.

2/- each, XA101, XAI02, XB103,
OA90, XAlll, XAll2, OC430,
V10/IS.

3/- each, OC44, OC45, OC70,
OC71, OcCs8l, OoCs8ID, XAl5l,
XB104, XC10l, XCI0IA, OCI69,
0C200.

ELEVISION m!"B[ SHOP

Unused, Guaranteed Tubes
OYER 2,000 IN STOCK

At prices from 509, to 759, of
normal Ltst Prlce

All tubes tested before despatch
and Guaranteed for 12 months

CARRIAGE 10/- via B.R.S. or
15/- via passenger train

TERMS £2 down (plus
carriage) and balance at £1
per month

See our advertisement in
PRACTICAL TELEVISION for exact
prices, or write for details

TEEVISION TUBE SHOP

48 BATTERSEA BRIDGE ROAD
LONDON, S.W.lI. BAT 6859
OPEN ALL WEEK AND SATS. UNTIL 4 p.m.

NOW
READY!..... ..

instrument case
assembly using our * Die Strip”. The strip
has been specially made for us at Birmingham
on gty. production, for low price to the public.
It is made of high strength alloy and will enable
anyone to assemble an instrument case or
cabinet in minutes. Full details of these pro-
ducts will be sent free. Please send large
envelope self addressed.

4/- each, AFl114, AFII5, AFII16,
AFI17, OCI70, OCI71, XAl03,
XAll16, XB102, XBI05, XCI2l,
XUeél1.

5/- each, OCI139, OCI40, OC204,
ORP60, XA701, XA703, GET7,
GET8, GET9, XCl4l, BYI00,
OA2I1.

B8 set transmlr.ter receiver, Chassis less valves
20/- each, Post paid,

Copper Laminate Board, single or double sided,
3;- P3§r square foot panels, either type 3ft. by
t. f=a

High Stab Resistors, 5% &éd.; 29 9d.s 19 1/-,
Every six packed in 7-compartment linen finish
component box.

10/- each, OCI9, OC22, OC25,
OC26, OC28, OC35, 25013,

Speakers, 3 ohm P.M. 5in,, 5/-, 6in.. /-,
7 % 4in., 7/-, 8in., 8/-, 10in;, 12/6.

ZENER DIODES 4.7 v, to 30 v,
+ watt, 3/6, 1.5 watt, 5/-, 7 watt,
6/- each.

Plus many more, send éd. in stamps
for Full List and Equivalent Chart:

B. W. CURSONS
78 BROAD STREET
CANTERBURY, KENT

Please send S.A.E. for full Lists of other goods
on offer.
U.K. ONLY

E. R. NICHOLLS

Mail Order and Retail Shop
46 LOWFIELD ROAD
off SHAW HEATH, STOCKPORT
CHESHIRE

RECEIVERS AND GOMPONENTS
(continued)

L.S.T. COMPONENTS
1828 HIGH ROAD, BENFLEET, ESSEX
More bargains from our new list:
Sllncnn Power 25012 10/-. HF Power Mesa

5025 100 watt 10 mc/s 30/-. Red spot NPN
!rlminon /-, OC71 equivalents 9d.
Still available: Our famous 25 for 10/- offer,
state 2G371/8| series (AF) or 2G414/7 series
F

(RF).
100 Diodes for 12/-, Post paid over 5/- order.
Send 6d. stamp for our latest list,

50 TRANSISTORS all tested, marked *md guar-
anteed., AF.RF. Silicon and P.N.P. Tnob-
lsewhere at this low price of 35/= plus
) & W LTD., 224 West Il(m(]
1|~Fo'| Essex,

Westeliff-o

TRANSISTORS AND DIODES

ALL POST FREE
MULLARD OC45, OC?I OC76, OC8I,
OC8ID, OC84—3/-; OC75—3/6; OCS8I,
OCB4 pa|r5—6 -3 OC35—7;6 OA?D OQA79,
OA8I, OA96—I,’6- AFII5—5/6.
TEXAS 2G344a, 2G345b, 2G3?la. 2G371b,
2G374a, 2G374b, 2G378b—3/-; 15100—2/3.
FERRANTI ZR3!C ZR3ICR——ISF BTH
GJ5.0—2/3. STC Silicon 800_PIV, 500mA
—4/6. MA393--3j6.
All amateur requirements supplied. Trade
enquiries invited.

THE RADIO CONSTRUCTORS CENTRE

363 Westborough Road, Westcliff-on-Sea,
Essex Phone Southend 49686

TRANSISTORISED SIGNAL INJECTOR. Com-
plete kit of components and cireuit of injector
for testing amplifier or radio, 10/ only.
Post free. G. F. MILWARD, 17 Peel Close,
Drayton Bassetf, Staffs,

TRANSISTORS AND COMPONENTS

OCTI —2/9d. each. OC44, OC45 0OC72,
ocs8l, OC8ID—3/0d. each. OC = 2/6d.
each. ©OC26, ORPI2, GET57—7/9d. each.

AFIIG AF117, OCI70, OCI71—3/6d. each.

OC82, GET8, BY100—5/0d. each.

Latest Mullard types ACI26—8/0d. each.

ACYIB—7/6d. each. ASY28—8/6d. each.

AF186 cut of FREQ 800 Mc/s—28/-. Silicon

Rectifiers 200 volc P.LV, at 6 amps — 5/- each,

Branded Mazda ECCB5 valves—4/6d, each.

10 watt Transistor driver and output transe

formers—22/6d. each.
cos Re:ord Player carl:ndge. suits Collaro,

Garrard, B.S.R,, etc.—I12/6d. each.

Lates: Mini 2 Motor Transls:or Tape Recorder

£6. 15. 0d. post paid.

Ivelek Signal Injector—22/6d,

Transistor Walkie Talkies—9 Gns. \P

Caby AI0 Multi Mezer 2000 O.P.V.—£4.17. 6d

Baby B40 Multi Meter 4000 O.P.V.—£5.15.0d.

S5.E.—~200 Min Lab Incorporating A/C DJ/C

Volt Meter, Resistance Measurement, RF

.Sig. Gen AF Sig. Gen. R.F. Field Strength,

Condenser Check—£8.5.0d. complete,

ZENER DIODES
OABl, OA9l Diodes—I/6d. each,
OAI0 Gold Bonded Dmde—SlDd each.
Crystal Set Diode—1/3d, each.
Matched Pair OC82+1 OCBZD—IIﬂsd set,
37V 410V 50mA 100() 300mW 3/4d.
41V 4 5V 50mA IIO{I 300mW "
86V 9.5V  45mA  50() 300mW .
48Y 64V  45mA B0 300mW "
4-5V  4.9Y 250mA  1B{) I-5W -
48V 54V 250mA 150 1-5W "
58V 66V 225mA 1202 |5W "
10-4v 11-6V 125mA 2500 I-5W 3/6d.
227V 255V 55mA 12061 |-5W .
284V 31-6V  45mA 16002 1:5W "
342V 378V 30mA 12502 |-5W
40-BY 452V  30mA 90Q) |-5W
All types Valves in Sta:k.
. all enquiries.

Closed for Huhdays SIgﬁjsuly 1965 to & August

Mail Order Only:
All Above Post Paid

J. ROBINSON

{Radio & T.V.)
4 Highcliffe Road, Blackley, Manchester 9

CONTINUED OVERLEAF
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'CONSTRUGTORS

RECEIVERS AND COMPONENTS

(continued)

MISCELLANEOUS
(continued)

RESISTORS! You can’t resist thesel 1,000
assorted wattage and value., Cannot be
repeated av £2/10/« per 1,000. G. F, MIL-
WARD, 17 Peel Close, Drayton Bassert, Staffs.

WITWORTH - TRANSFORMERS  LTD.

26 ALL SAINTS ROAD, LONDON, W.11
Tel.: BAY 9071

260-0-260V. 80mA, 6.3v.2a, 0-5-6. 3v.2a 18/
250-0-250V. 160mA, 6.3v.4a, 0-5-6. 3v.2a 27/-
260-0-260V. 1B0mA, 6.3 , 0-5-6. 3v.2a 28/-
400-0-400V. 200mA, 6.3v.4a, C.T.05-6,

L 3v.3a
ISOLATING TRANSFORMER, 150 Wate,
I:1 Ratie. 200-250v. Range ... .., 50/-
All Transformers have Standard Primaries,
Screened and are Fully Varnish Impregnated
We Manufacture all types of Transformers small or
large . . . quantities at competitive prices
12 Months' Guarantee. S.A.E, All Enquiries
Postage and Packing 3/- C.0.D. 5/-

FOR SALE

CRACKLE PAINT. Black or Grey, I pint tins
4/=, post Bd. from the component specialists,
SERVIO RADIO, 8  Merton Roead,
Wimbledon, London, S.\W.19.

o]

CONDENSER BARGAIN! Miniature paper
condensers, tin  lin. Ideal for transistor sets.
L0001, .001, 002, .005, .02, .04:F; also small.
500puF and 2.2uu mden . Al 7/6d. per 100.
£3 per 1,000, G 11 LWARD, 17 Peel Close,
Drayton Basset s,

parcel containing useful
assortment of radio and electronic spares,
Relays, Switches, Resistors, Condensers, 30/-,
Ten times value guaranteed. AUDIOCRAFT,
20 Kettering Road, Northampton, 36291,

A.C. STANDARD. Mains Motors Fractional
H.P. 3%in diax4in long with lin spindle.
Many uses. Brand new, 25/- each. P'. & P. 2/6d.
Small Battery Motors 1}in diax2in long—
4} to 9 volts, Heavy construction; only 7/6d.
each, P. & I’ 1/-. WALTONS WIRELESS
STORES, 15 Church Sireet, Wolverhampton,

TRANSISTORS UNMARKED UNTESTED.
40 for 10/-, . & 1. 1/-, 4 packets post free.
Relays, thousands of types, special catalogue
free. General Catalogue of Mechanical &
Electrical Gear, Tools, ete., 5,000 items, free.
K. R. WHISTOXN (Dept. PET), New Mills,
Stockport.

DID YOU KNOW that Suffolk Tubes, still the
largest independent fube rebuilders ive a
free delivery service by van or passenger
train to all parts of the U.K. Each tube is
guaranteed 12 months and all es are always
available off the shelf at keenest prices,
1-8 Upper Richmond Road, Putney, London,
8.W.15, Telephone Vandyke 4304/5267,

NEW £18 DYNAMOTORS. Input 12/18 volts,
Output 240 V, 120/200 watts, AC/DC, bargain
£4. J. O'BRIEN, 1, Hightown, Waterfoot,
Rossendale, Lancashire.

VENNER TIME SWITCHES., Reconditioned,
14 day clock, once on once off every 24 hrs,
Jewelled movement, fully guaranteed. 1 amp

, & amp 32/6d., 15 amp 39/6d. Post ete,
2/6d, Cast  Aluminhim  Cases 7/6d. A, R,
BATCHELOR, P.E. Dept. 4 Park Road,
RBromley, Kent,

MISCELLANEOUS

CGONVERT ANY TV SET inito an Oscilloscope.
Diagrams and Instructions, 12/6. REDMOND,
42 Dean Close, Portslade, Sussex,

GOVERNMENT SURPLUS Electrical and Radio
Lquipment. Our new catalogue No. 16 now
ready, 2/6 Post Free, cost refunded on purchase
of goods over £2. ARTHUR SALLIS RADIO
CONTROT. LTD,, 93 North Road, Brighton,

748

HAMMER FINISH PAINT. The modern
finish for electronics, Can be BRUSHID or
sprayed. Blue or silver. 2%oz tins 3/6,
post 8d., ¥ pint 7/6, post 1/0, 1 pint 15/-, post
2/9. Retailers supplied, write for details.
Amazing results! Return of post service.
Orders over 30/- post free. FINNIGAN
SPECIALITY PAINTS, (PE), Mickley Square,
Stocksfield, Northumberland.

MAINS TRANSFORMERS rewound. Specials,
and Output Transformers to your own specifi-
cations. RATCLIFFY, 27 Station Road,
Holmfirth, Yorks.

SERVICE SHEETS

SERVIGE SHEETS for all makes of Radio and
TV 1925-1965. Prices from 1/- with free
fault-finding guide. S.A.E. inquiries. Cata-
logue of 6,000 models, 1 alves, modern and
obsolete. Radio/TV  Boc S.AE.  lists,
HAMILTON RADIO, Western Road, St.
Leonards, Sussex.

TRADE SERVICE SHEETS. Radio, TV, ete.
Mixed dozen (@ 4/-, 100--22/6d. p.p. TELRAY,
Maudland Bank, P'reston.

STATE MODEL NO. Radio 2/-. TV 2/6.
S.AE. DARWIN, 19 George Street, St.
Helens, Lancs,

SERVICE SHEETS

4/- each, plus postage.
We have the largest supply of Ser-
vice Sheets for all makes and types
of Radios, Televisions, Tape Recor-
ders, etc. in the country. Speedy
Service.
To obtain the Service Sheet you
require, please complete the at-
tached coupon: !
From:

Name: .....

Address:

B P T T PP TP T PP T P

To: S.P. DISTRIBUTORS
44 Old Bond St., London, W.1
Please supply Service Sheets for the

following :

T e e PR o HIS T Pl
Model No.: .................. Radio/TV
e TR A R et
Model No.: ........oeeeeere. RadiofT
Make: ........... ey

Model No.: .....coommnrmvnen
New 1965 List now available.
| also require list of Service Sheets
at 1/6.
(please delete items not applicable)
I enclose remittance of .

MAIL ORDERS ONLY  augpe

™ “PRACTICAL ELECTRONICS"

CONSTRUCTIONAL DESIGNS
All specified Ist grade Components, complete
Mertalwork, full range of Materials, engraved
Panel Plates, Ancillary Equipment and Assem-
bled Units. Comprehensive lists available for each
**P.E." Constructional Article.

Please send 6d, in stamps for each design

MALVYN ENGINEERING WORKS

Engineers lo the Radio and Elecironic Industries
T CURRIE STREET, HERTFORD, HERTS
TELEPHONE ; HERTFGRD 2264

RADIO AND
ELECTRONICS BOOKS

ON FREE TRIAL

Then only 5/- weekly for those you keap !

No. 9C. PIN-POINT TRANSISTOR TROUBLES IN
12 MINUTES. By Louis E. Garner, Jnr. 485 pages.
Companion mannal to the well-known ‘Pin-Point T.V.
Troubles in 10 Minutes' using the famous Coyne Check
Chart Trouble Shooting Method. Covers all kinds of
equipment including radios, T.V's,, andio amplificrs, pre-
amplifiers and just about everything. There are hundreds
of photos, illustrations, dingrams and check charts;
valuable reference sections, Supplies are limited g0
order your copy now and avoid disappointment. Price,
49/8 including postage.

No. I12N. RADIO SERVICING., 5351 pages (hard
covers), with hundreds of illustrations, circuits and
diagrams. By G. B. Patchett and B, Fozard. Price
28/8d. including postage. A very thorough approach to
learning radio servicing, starts with simple explanations
and goes on to more advanced radio theory. Doesn't
iss a single point. One of the most complete radio
manuaals ever publish A book you will use for years
to come, is is the first time this book has ever been
offered on a free trial basis, Order your eopy now, see
conpon below,

No. 13N. TELEVISION SERVICING. 320 pages, hard
covers, 206 dingrams.  Price, 28/« including postage. As
described above, but teaches television repair.

No. 38. RADIO & ELECTRONICS COURSE, 216
pages, ‘quarto size, 35 complete lessons. You will find
this course easy to understand. The lessons are CRY-
STAL CLEAR, PRACTICAL, EASY TO MASTER AND
USE. Early lessons make fundamentals clear even to
the beginmer while other lessons will give vou the practical
knowledge of an expert! This is a modern counrse, that
teaches without resorting to comic strip methods . . .
Thousands of PracTic i

WIRELESS readers havi
every minute of it . Why not -you? Price for the
complete course, 41/- including postage,

No. 22. PIN-POINT COLOUR T.V. TROUBLES IN
15 MINUTES. By Robert (. Middleton, 548 pages.
362 check charts. Just about the biggest and most
useful manual on Colowr 1.V, available anywhere. Now
is the time to get the complete information on this
important new subject. Price, 49/8 including postage.

No, 8. PIN-POINT T.V., TROUBLES IN 10 MINUTES.
Over 340 cross indexed pages, covers 70 symptoms,
700 trouble spots, has 50 time saving check charts,
200 dingrams., Over 30,000 copies now used in the UK,
alone!

NOW REPRINTING. Orders accepted for delivery ir
four weeks' time. Omne of the best manuals we have
ever handled, well worth waiting for! Price, 41/
including postage. Send coupon today for earliest
delivery.

IRONCLAD GUARANTEE
Any book not satisfactory may be returned within
10 days post-paid for full refund of the purchase price.

FREE BOOK OFFER!

Send cash with order and qualify for any free book listed
on the coupon as follows. Minimum 40/- One book,
80/~ or more Two books. 120/~ Three books.
NOTE. These books are authoritative and loaded with
useful information, cost from 4/6 to 5/- each in book stores,

FREE TRIAL OFFER!

To Sim-Tech Technical Books, Dept. LI,
Gater's Mill, West End, Southampton, Hants.

Please send the following books. I have
circled,

9C 12N 13N 39
22 38
If not delighted T may return any book posi-

paid without further obligation on my part,
otherwise I will pay cash price or 5/- weekly

_(10/- fortnightly) commencing not later than

10 days after delivery, T am over 21 years of
age. (If under 21 parents should place order),

T enclose cash to the sum of €

I understand you will refund this money
if I amnot 1009, satisfled (provided I return
the hook in good condition within 10 days).

Please send me the free book(s) I have ticked,
[[] Oscilloscope Book,
["] Electronies Gadgets Book.,
[T] Transistor Book.
[T] Radio Instruments Book,

MO e cee s ey s .
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Amazing Radio Construction Set! Become a
radio expert for 35/-. A complete Hi R
Course. No experience needed, Parts
jnstructions for each design,

plan, all Trs Is;
plmm- 'l.unh sor!

Dr]gin.llh £8.

MAKE
5

DIFFERENT
TRANSISTOR
RADIOS

35/-

Step-b

;ugwtnm

¢ 10 \("' (pl\rH a le separate).

. I hare just completed one of your
e tr‘u!lu it i8 the first time I have ever
tackled m!y.'ﬂmg like a radio and I must state
here and now, I am amazed how easxy it is to a
layman like me.
hare obviously been very cavefully thought out 0
that even the nmiost dim can follow them . . .
19/6 plus 2/6 post, efc.

ILD in 2-3

M. of RBradford,

MNong wave with pe
48

Your instructions and plan ng & educational,

Well-known brand Transistor Radio Kits nighly sensitiv
—¥0U SAVE 23.15.8. Covering all medium (incl. tiny battery). Even
1s including Mullard Semi
instruction manual.

5 ]ll'lil in, making many different Radios Mr- D. B. of Huddersfield writes
ina few mins. Money back if not delighted.

ASTONISHING LOW PRICED RADIO KITS (all Guaranteed) FROM CONCORD

TRANSISTOR RADIO KITS
Sold in Department Stores at £5.8.0

ASTONISHING CIGARETTE

RADIO !
ONLY 18/6
Yes a perfectly
ordinary packet °
of l"l" arettes!
but it fethes i
ion after
station, Joud and
clear! Holds 10 §
Cigarettes — yet
cleverly con

o -
fully tran

experience necessary. Only
is.  From our bulging tes

No soldering,

n
NOW 35/- plus 3/6 p. & p.

CONCORD ELECTRONICS LTD (Dept. PE20) 9 Western Road, Hove, Sussex

plus 2/6 post, ete.

mible it in under 2 hours. XNo somvrmg.

have fitted the parts in and it is working wonder-
Jully ... ALL PARTS including Semi-
Conductors, A.B.C. Plans, ete. ONLY 18/8

QUALITY RECORD PLAYER AMPLIFIER
A top-quality record player amplifier. This amplifier
(which is used in a 29 gn. record player) employs
heavy duty -double wound mains transformer,
ECCB83, ELB4, EZB0 valves, Separate Bass, Treble
and Yolume controls. Complete with output trans-
former matched for 3 ohm speaker. Size 7in. w.
% 24in, d. % 54in. h. Ready built and tested. PRICE
69/6. P. & P. 4/9.

ALSO AVAILABLE mounted on board with out-
put transformer and 6in, speaker ready to fit
into cabinet below. PRICE 89/6. P. & P. 5/9.

QUALITY PORTABLE R/P CABINET
Uncut motor board. Will take above amplifier
and B.S.R. or GARRARD Autochanger or Single
Record Player Unit, Size 18 x 14 x Bt in.

PRICE £3/9/6. Carr.7/6.

4.SPEED PLAYER UNIT BARGAINS
All brand new in maker's criginal packing.
SINGLE PLAYERS
BS.R. TU/I2 . . £3/9/6. , Carr,5/6.
GARRARD SRP10 .. £5/9/11. Carr. 5/6.
B.S.R. GU7 with unit mounted pickup arm.
£4/18)8. Carr. 5/6.
AUTO. CHANGERS
B.S.R. UAIS £6/19/6.

B.S.R. UAIS. 9 6
Latesc B.S.R. UA25 Super slim £6 2 6
Latesc GARRARD ATS5 i8 8 0
GARRARD AT 10

£10 o
GARRARD Auto-Sl;rﬂ £6.10.0,  Carr. 6/6 on each.
All the above units are complete with t/oc mono head
and sapphire styli or can be supplied with compatible
stereo head for 12/6 extra,

STEREO AMPLIFIER
Incarporating 2 ECLB2s and | EZ80, heavy duty,
double wound mains transformer. Output 4 watts
per channel. Full tone and volume controls. Abso-

= lutely complete,

ONLY

Super De-
luxe version
with ECLB&
valves, sep.
bass & treble controls, full
feed back. B gns. P. & P.6/6

HIGH GAIN 4 TRANSISTOR
PRINTED CIRCUIT

AMPLIFIER KIT
Type TAI

® Peak
output in
excess of
I; wates,

@® All stan-
dard British
components.
@® Buile on
printed circuit panel, size 6 x 3in.

@ Generous size Driver and Output Transformers.
. Ou[pu: transformer tapped for 3 ohm and

BRAND NEW CARTRIDGE BARGAINS!
ACOS 71-5. Single sided Crystal Cartridge for
Stereo and L.P. records. Complete with diamond

stylus and universal mounting bracket. List price
£2.6,4, Ourprice 18/6, P.&P.1/-.

GARRARD GC1 MONO cumplete. List price
24/11, Our price 12/6, P, &P

RONETTE STEREO |05 "CARTRIDGE

Stereo/LP/78 complete with two sapphires. Original
list price 67/9. Our price 24/-. P. & P. |/-.

MAINS TRANSFORMERS

Fully shrouded, can be mounted upright or drop
through, Tapped prl |lG 200, 220, 240v. Sec. 250v.
4 wave at 85m. 2 amps. ¢/t. Stack size
BRI ), PRICEII& P&F'3

shrouded drop thro' type. Pri.200, 220, 14Uv Sec.
250v, iw:we at 70mA and 6-3v. at 2 amp c'c Stack
size 3* X 21" % It". PRICE Il/-. P.&P

BRAND NEW 13 OHH LOUDSPEAKERS
5|n..|16 6Im.l5‘ 12 in.,
27/ I . 15 ohm, .W ) ‘1oin. xﬁln 26/-.
ﬁ.H.i 134 x .El in. with high flux ceramic magnets

2

m
P.5"2-, ‘"&B"lﬁ 10" & 12" 3/6 per speaker.
4in HIGH FLUX TWEETER.
3 ohm and |15 ohm imp. Famous British make. Few
only 12/6,
ROLA CELESTION. Approx.9in.x6in.3ohm.
Middle register speaker, 10/6. P, & P. 3,-.
ACOS CRYSTAL MIKES. Hi P.
or hand use. High sensitivity, 18/6. P. & P.
TSL CRYSTAL STICK MIKE. Listed a: 45 -
Our price, 18/6. P. & P. 1/6.
BRAND NEW, 2" I5w H/D Speakers. Current
production by well-known British maker. Offered
below list price at 89/6. P. & P.5/- (25w. guitar model
£5.5.0).
MATCHED PAIR OF 2! WATT TRANSISTOR
DRIVER AND OUTPUT TRANSFORMERS.
Stack size 12 x 11 x ! in. Output trans. tapped for 3
ohm and 15 ohm output. 10/- pair plus 2/- P. & P.
BRAND NEW PLESSEY 12v. 4 pin non-sync.
vibrators., Type 12 1.45D. OMNLY 8/6. P.&P. 1/6
4-WAY NON- TANGLETELEPHONE CABLE
Latest spring-back coil type, extends 12 in. 1o 5fr,
Complete with rubber bushes. 4/6 zach. P, & P. 16,
VYNAIR AND REXINE SPEAKER AND
CABINET FABRICS app. 54 in. wide. Usually 35/-
yd., our price 13/6 per yd. length (min.lyd.) P. & P.2/6.
S.A.E.for samples.

Fcr desk

s. @ Transistors (GET 114 or SI
Hullard OCBID and matched pair of OCBl ofp).
® 9 volt operation. ® Everything supplied,
wire, battery clips, solder, etc. Comprehen-
sive easy to follow instructions and circuit diagram
1/6 (Free with Kit). All parts sold separately.
SPECIAL PRICE 45/-. P, & P, . Also ready
built and tested, 52/6. P. & P. 3;-. A pair of
TAls are ideal for stereo.

TAPE DECKS
B.S.R. MOMNARDECK (Single speed) 3iin,
per sec., simple r.omrol uses 52in. spools, £6/15/-
plus 7/6 carr, and in
COLLARO STUDIO DECK 3 motors, 3 speeds
push button contrel, Up toe 7in. spools £10/10/-
. & P.7)6. (Tapes extra on both.)

10/14 WATT HI- FI AMPLIFIER KIT

A stylishly fin-
ished monaural
amplifier with an
outputof | 4wartts
from 2 ELB4s in
push-pull. Super
reproduction of
both music and
sp::ch with neg-
ble hum. Sep-
a ate inputs for
mike and gram
allow recordsand 1
announcements to follow each other. Fully shrouded
section wound output transformer to match
3-157) speaker and 2 independent volume controls,
and separate bass and treble controls are prov:ded
giving good lift and cut. _ Valve line-up 2 ELBA4s,
ECC83, EFB6, and EZBO rectifier, Simple
instruction booklet 1/6. (Free with parts.) AII
parts sold separately. ONLY £6/19/6. P, & P. 8/6.
Also available ready built and tested complete
with std. input sockets, £8/15/-. P. & P, 8/6,

3-VALVE AUDIO AMPLIFIER
ODEL HA3M4
Desuzm:d for Hi-Fi repro=
duction of records. A.C,
Mains operation, Ready
built on plated heavy gauge
metal chassis, size 7iin. w.
x 4in. d, x 43in. h. Incor=
) porates ECC83, EL84, EZB0
valves, Heavy duty, double
wound mains transformer
and output transformer marched for 3 ohm speaker,
separate 'Bass, Treble and volume controls.
Negative feedback line.  Output 4+ watts. Front
panel can be detached and leads extended for
remote mounting of controls.
The HA34 has been specially designed for us and
our quantity order enables us to offer
them complete with knobs, valves, LA}
etc,, wired and tested for only P. & P. /-,

HSL ‘FOUR’ AMPLIFIER KIT,
A.C. Mains 200/250v., 4 watt, using ECCB83,
EL84, EZ80 valves.

<% Heavy duty double-
wound mains transformer
with electrostatic screen.
“% Separate Bass, Treble
and Volume controls, giving
fully variable boost and cut
with minimum insertion
loss. Y Heavy negative
feedback loop over 2 stages
ensures high output at
excellent quality with very low distortion factor.
% Suitable for use with guitar, microphone or
record player <+ Provision for remote mounting
of controls or direct on chassis. Chassis
size only 7fin, wide x 4in. deep, Overall height
42in, % All components and valves are brand
new. < Very clear and concise instructions enable
even the inexperienced amateur to construct
with 100% success. % Supplied complete with
valves, output transformer (3 ohms enly), screened
lead, wire, nuts, bolts, solder, etc, (Mo extras to
buy) PRICE 79/6. P. & P. 6,-

Comprehensive circuit diagram, practical layout
and parts list 2/6 (free with kit).

HARVERSON’'S F.M. TUNER Mk. |

® F.M. tuning
head by fam-
ous maker,
® Guaranteed
non-drift.
Permeability
tuning @ Fre-
Quency covers
age.88-100Mc/s
® OAS8I bal-
anced diode output
@® Two LF. stages and
discriminator. @ Attractive maroon and gold dial
(7 x 3in. glass). ®Seli powered, using a good
quality mains transformer and valve rectifier.
@ Valves used ECCB5, two EF80s, and EZ80 (rec-
er) @ Fully drilled chassis, @ Size of completed
tuner 8 x 6 x 5%in. @ All parts sold separately.
Set of parts if purchased at one time £5/19/6, plus
8/6 P.P. and ins. Circuit diagram and instructions
1/6 post free. Mark Il Version as above but
complete with magic eye, front panel and brackets,
£6/12/6. P. & P. 8f6.
Mark Il Version as Mark | but with output smga
(ECLB2)yand tone control, £7/7/.. P. & P.
Handsome Metal Cabinets, Chaice of Black, or
Gr:an To fit Mark I, 25/-. P.& P, 3/-. To fit Mark
, 17/6. P. & P. 3/-,

HARVERSON SURPLUS

170 HIGH ST., MERTON, S.W.19. CHErrywood 3985
Early closing Wed., | p.m.

Open all day Saturday

A few minutes from South Wimbledon Tube Station.

SPECIAL PURCHASE
TURRET TUNERS
By famous maker. Brand
new and unused, Complete
with PCCB4 and PCF80
valves, 34-38 Mc/s L.F. Bis-
cuits for Channels | to Sand
8 and 9. Circuit diagram
supplied. ONLY 25/« each.

co. LTD

(Please write clearly)

OVERSEAS P. & P. CHARGED EXTRA. S.A.E. with all enquiries.| P.&P.3/9.
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,Ess‘e“ntial bhooks for the
serious enthusiast

RADIO ENGINEERING
FORMULAE AND
CALCULATIONS

by W. E. Pannett

Problems in radio, radar and television engineering are usually presented
either in the form of examination questions and answers, omitting many
intermediate steps, or are framed solely for the instruction of the
student. In this book, examples have been selected from everyday
practice in design, installation and operation and are shown fully worked
and generously illustrated. Although it is intended primarily for the
practising engineer, it will be found equally valuable to the technical
assistant and the student about to embark on an engineering career.
Covers |. Aids to Engineering Calculations—2. Farmulae and Examples: Resistors and Voltage
Dividers—Inductors—Capacitors—A.C. Applications of Ohm's Law—Cireuit Theorems—
Gains and Losses—Electrical Tolerances—Frequency and Wavefength—Resonqnt Circuits—
Coupled Circuits—Attenuators and Filters—Thermionic Amplifiers—Amplifier Noise— Rece‘JVErs

Oscillators—Transmitters—Signalling and Modulation—Yalve Cooling- and Vent_ifatran—-
Aerials and Propagation—Radio-frequency, Transmission Lines—Power Supply—A.C. Rectifiers and
SmoothingFilters—Transformers and Reactors—Cables and Lines—Tests and Measureme_nu—
Transistors—Principles of Television—Radar Fundamentals—Great Circle Bearings—3. Unit and
Symbols—4, Mathematical Formulae, Data and Tables Index.

208 pages 163 figures 17s. 6d. (19s. by post)

« PRACTICAL WIRELESS »
/ RADIO AND TELEVISION
REFERENCE DATA

compiled by J. P. Hawker

This handy book provides the practical reference data that radio and
television servicemen, radio constructors, enthusiasts and amateurs
always need. It has been compiled with the day-to-day requirements of

All servicemen particularly in mind.
Contents include: full details of colour codes: a comprehensive collection of practical, everyday
the formulae for calculating the values of biasing components, potential dividers, etc.: oerial
f t dimensions; a quick frequency-wavelength conversion table: full lists of radio and television
acts broadcasting stations and frequencies; common symbols and abbreviations; notes on Amateur
ou need radio and a list of call-sign prefixes; communication receiver L.F.s; mathematical data including

logarithm tables; wire and cable data; battery equivalents; and a full and up-to-date listing of
valve, transistor and cathode-ray tube pin connections, bases, ratings and equivalents, including
selected CV types.

96 pages 62 pages of tables 10s. 6d. (12s. by post)

ELECTRONICS POCKET BOOK

edited by J. P. Hawker and J. A. Reddihough

Fully covers . . . FUNDAMENTALS: Behaviour of Electrons in Electric and Magnetic Fields—
Emission of Electrons—Conduction and Current —VYoltage Relationships. CIRCUIT ELE=
MENTS: Diodes—Thermionic Triodes— Tetrodes and Pentodes—Thyratrons—The Transistor—
Four-layer Semiconductor devices—Cathode-Ray Tubes—Electron Multipliers—Hall Multiplier—
Thermistors and Non-Linear Elements— Photo-Electric Cells—Tronsducers. ELECTRO-
MAGNETIC DEVICES: Solenoids—Relays, AMPLIFIER CIRCUITS: Voltage Amplification
Distortion—Bandwidth—Power Amplifiers—Classification of Amplifiers—Feedback—Special
Circuits--D.C, Amplifiers. PULSE CIRCUITS: Self-Oscillating Pulse Generators—Single=
Stroke Pulse Generators—Sawtooth Voltage Generators—Wide-Range Pulse Generators.
FURTHER ELECTRONIC CIRCUITS: Electronic Switching—Diode Clamps—Phase-Sensitive
Detectors—Pulse Modulation. COUNTING DEVICES AND CIRCUITS: Cotinting Circuits—
Radiation Detectors. POWER SUPPLIES: A.C, Rectification—Rectifier - Circuits—Ripple
Reduction—Voltage Regulation—D.C. Converters, THE MAGNETIC AMPLIFIER. ELEC-
TRONIC MEASUREMENT AND TEST GEAR. INDUSTRIAL ELECTRONIC CONTROL.
ELECTRONIC COMPUTERS. INSTALLATION AND MAINTENANCE UNITS,

294 pages 203 diagrams 21s. (22s. 6d. by post)
Order now. Complete the order on facing

page to receive bhooks by return of post.

750



Authoritative, practical, inexpensive.

Add them to your technical hookshelf

BEGINNER’S GUIDE TO
ELECTRONICS

by Terence L. Squires

This book provides a “short-cut” for those wishing to obtain a quick acqaint-
ance with modern electronics. It is not intended to replace “text’ or
“course’’ books on the subject that take the student through detailed \i\‘»
theory and calculations: what it does is to describe as simply as &
possible the basic concepts of importance in electronic engineering,
and the various components used in electronic equipment, so that the
reader gains an understanding of the terms used and the practical side
of the subject. No prior technical knowledge is assumed, mathe-
matics being avoided and emphasis placed on numerous illustrations.
The book will enable the reader to go on to more specialised
works or courses with confidence.

Contents: Electric Currents—Direct and Alternating Currents—Electronic Components
—Basic Electronic Circuits—Test Instruments—Radar—Medical Electronics—
Electronics in Spoce—Television—Electronics in Industry— The Future of Elec-
tronics—Training to be an Electronics Engineer.

192 pages 128 diagrams 15s. (17s. by post)

"The subject has
been thoroughly and
wisely treated”
ENGINEERING MATERIALS AND DESIGN

HIGH FIDELITY SOUND

REPRODUCTION
edited by E. Molloy

The high quality reproduction of disc and magnetic tape recordings and
of radio programmes has made remarkable strides in the past decade.
The introduction of long-playing gramophone records, V.H.F./F.M. broadcasts
and the availability of first-rate amplifiers, loudspeakers and pickups have
all created a growing interest in the faithful reproduction of music in the
home. The aim of this book is to bring together authoritative and
balanced information on the technique of Hi-Fi in terms that will be
readily understood.

Contents: Introduction—Subjective and Objective Judgement of Performance—The
Acoustics of Sound Reproduction—Multiple Channel Systems—Amplifiers and Pre-Amplifiers—

Dynomic Loudspeokers—Loudspeaker Enclosures—Electrostatic Loudspeakers—Record Repro-
duction—Tape Recordings—Radio Reproduction.

212 pages 151 illustrations 20s. (22s. by post)

Please send me.............copy/copies of the following books

....RADIO ENGINEERING FORMULAE AND CALCULATIONS |IT7s. éd. (/9s. by post)
...RADIO AND TELEVISION REFERENCE DATA 10s. 6d. (I2s. by post)
..ELECTRONICS POCKET BOOK 2Is. (225, 6d. by post) FROM
e BEGINNER'S GUIDE TO ELECTRONICS I5s. (I7s. by post) ALL
........................ HIGH FIDELITY SOUND REPRODUCTION 20s. (22s. by post)
BOOK

Name...... B e S e S B By S il SELLERS

I

I

|

|

. .. or in case of difficulty I
use this handy order form |
I

3

Simply cor blete this order form and send with your remittance today P.E.[8]65
to George Newnes Ltd., Tower House, Southampton Street, London, W.C.2

B s L . i o o . i e e By e S s NEWNES. _ _
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Unless you put your X between the two O’s the
machine will win at the next move. Even if you
do the machine puts the next O in the centre |
square, which not only stops you winning but

MAST MOUNTING ARRAYS, 9 element
wide spaced h:gh gam. 1 e!em:m: 55/-3

I 45/=3
THi’c:'esuTax;::e::dtr:emachme s win at the next ‘ {;‘,,Tﬁffmg;;,ﬁfgn ARH‘ . ?UNTSI;IG
MTON As Brian Trueman of Granada TV said after d N : element =%
Gidios RS WA mon 1 | | At el S D er | || e e e i
desk or wall mounting.  Call/talk/listen from MASTER April 12¢h, *"I'm glad | wasn’c playing it for PLEE 9l T2/ wid d high
to SUBS and SUBS to MASTER. Buzzing system | money ", One machine that did play for maney, AR A e e T ""“L =
e at 3d a go, refunded for a drawn game, raised £3 gain, | | element 80/-; 14 element 87/6. LO

operates to call when switched off, thus saves b.x!len
Operates on one small 9V battery which lasts months.
Onfofil switch. Volur control. 2¢in. dynamic

in three hours for charity. Full circuit, wiring | ARRAYS, 7 element 32/6; wide 5.?"&““‘”5;"

= | gain, 1l element, WITH TILTI
diagram, instructions for this fabulous unbeat. EHIE 12 oleniane 70# L e ans

; le machine, 3/6d postfree. Built for about £6,
speakers.  Fully transist d to last for years. Ideally ab ] UNITS HAVYE SPECIAL MULTI-ROD
1 ;‘ult Ihl‘;:{m nzu;lul;lmm UI'IluE' ]'mc:ur)é.i\‘:'urkluhupiw—xz-l PLANET INSTRUMENT co‘ REFLECTOR. LOW LOSS CO-AXIAL
| ouse, Hospital, Shop, ete. for instant in er-lepartmen f . e-am)
conlasts. Complote with long conmecting wiras and 25 DOMINION AVE., LEEDS 7 CABLE Hogde. "YHIE sanssiori S
, other accessories, Nothing else to buy, P. & P, §j- |
.
' P o BATTERY ELIMINATORS . B.B.C. (BAND ). Tele-
o — Usuolly GRS = f scopic loft 21/-. External
The ideal way of running your TRANSISTOR ‘D 30/
' Our Frice ONLY RADIO, RECORD PLAYER, TAPE RECORDER, I ad
. AMPLIFJER etc. Types available: 9v; 6v: 4iv LT.V. (BAND 3). 3 Ele-
/ (single output) 39;'6 each. P. & P.2/9. ment loft array 25/~ 5
5 7 6 9v -+ 9vi by + bvi or 43v -+ 4iv (two separate element 35/-. Wall mount-
outputs) 42/6 each. P. & P.2/9. Please state ing, 3 element 35/-.

element 45/-,

COMBINED B.B.C./LT.V.
Lofe |+3, 41/3; |+5, 48/9,
Wall mounting I +3, 56/3;
I+5, 63/9. Chimney 143,
63/9: 145, 71/3.

output required. All the above units are
completely isolated from mains by double
wound transformer ensuring 100% safety.

R.C.S. PRODUCTS (RADIO) LTD. 1

Mudrrnlze your Office, Shop, Warehouse, Workshop,
N 3 uu!_ Hmne with this latest two-way \

MMTLR and SUB, in strong plastic
chromium stands, Elegantly designed t
instant communication system. Call/

inets with
§ two-way
k/listen between |

(Dept,P.E.), Il Oliver Road, London, E.I7

VYHF transistor pre-amps from 75/-.

1wo persons anyw ¢ ndoors or of

operate on one 9V by ¥, Fully ti .misl ized. Com- | ] wrppre

plete with accessories.  Ready to operate. I, & P, 2/6, | DUKE & CO. (LONDON) LTD. Fr! (?Az:)mcﬁl):. I:':;fitﬁ S;DE.xMIrJ'.’::I. ml;li“.
. i 621/3 Romford Rd., Manor Park, E.12 mallble, Coa,  cabla’ By wdl Co-ax.

BATTERY ELIMINATOR & CHARGER Price 27/6 ILFord 6001-2-3 Stamp for fist plugs, “i/2. " Outler™ boxes, 416, Diplesee

Use your TRANSISTOR RADIO or INTERCOM from rossover Eoxey > JEARG S

domestic A.C. mains, and charge dry battery PP3 T.V. TU BES r & P. 3/6. Send 6d. stamps for illustrated

or QOGP 0 voita thys Boosl battery's life many times. 17in. — 35/- 14in. — I5/- i

'(nbc.n.a e wvalue. Saves you pounds on itteries.

P. & P, 26, Complete with Plug, Lead and Snap cord. Most makes and types availgble, =Set Tested. ‘ K.V.A. ELECTRONICS (DPept. 2)

Full price refunded if not eatisfied in seven days. | né‘éii”‘seick‘“ picture éarr’l’:stﬂa EJ_e;;'tch 3b, Godstone Road, Kenley, Surmrey.

WEST LONDON DIRECT SUPPLIES (PE/11) | RESISTANCES 10/- per 100, Brand new, mostly CRO 2527

6 Chignell Place, West Ealing, London, W.13 | |High Stabs. Assorted parcels. P. & P.2/-, |

Now in its | I1th Revised édition e

Advertisers’ Announcement| ELECTRICAL '
Readers will be glad to know that catalogue

ENGINEER’S
transistors suitable for use in the circuits
discussed in this issue are: R E F E R E N c E B o o K

AEEIGEE POSITION | NKYT TYPE NO.| LIST PRICE A revised edition of this comprehensive thirty-three
:::‘a:?lgzy:?;::: TR1 NKT 272 . 8/- . section s?andard .refer.en_ce work covering all branches
Computer  TR1& TR2 NKT 272 8/- of electrical engineering. New and thoroughly re-

! ! | Postage Extra . vised sections include materials ; cables and wires;

wiring and installation ; applied electronics; instru-

They can be purchased from any of the following: | | ments and measurements, etc. References are also
' made to many new aspects including germanium and

EASTERN AERO ELECTRICAL SERVICES LTD silicon ; printed circuits; transformer windings and
BUILDING 424, EASTERN PERIMETER ROAD design; electronic motor control; cold-cathode
LONDON (Heathrow) AIRPORT, ‘ lighting, etc. The “Progress' section is again
HOUNSLOW, MIDDX. entirely new and includes an authoritative survey of
ELECTR’CAL 3 HARDWARE MARKETING CO recent extensions to powar-station generating plant.

LTD, 10 KING STREET MEWS, BELFAST 1. 1 2,212 pages, 2,096 diagrams, over 300 photographs,

JAMES SCOTT (Electronic Agencies) LTD 76 specialist contributors, 33 sections, Ilth Edition. 120s.
i 90 WEST CAMPBELL STREET, GLASGOW C2.

: S.D.S. (Portsmouth) LTD, 67/68 COMMERCIAL
ROAD, PORTSMOUTH, HANTS.

FROM ALL BOOKSELLERS

««. or in case of difficulty 120s. post free from GEORGE NEWNES
LTD., TOWER HOUSE, SOUTHAMPTON STREET, LONDON, W.C.2

| NEWNES




VALUABLE NEW HANDBOOK

FREE mewees

Have you had your copy

The new edition of “ENGINEERING OPPOR-
TUNITIES? is now available—without charge—
to all who are anxious for a worthwhile post in
Engineering. Frank, informative and completely
up to date, the new “ENGINEERING OPPOR-
TUNITIES? should be in the hands of every
person engaged in any branch of the Engineering
industry,irrespective of age, experience or training.

On ‘SATISFACTION OR
REFUND OF FEE’ terms

Thisremarkable book gives details of examinations
and courses in every branch of Engineering,
Building, etc., outlines the openings available and
describes our Special Appointments Department.

WHICH OF THESE IS
YOUR PET SUBJECT?

MECH. ENGINEERING
Gen. Mech. Eng.—Mainten-
ance Eng. — Diesel Eng. —
Press Tool Design — Sheet
Metal Work — Welding —
Eng. Pattern Making —
Inspection - Draughtsmanship
— Metallurgy — Production
Eng.

RADIO ENGINEERING

General Radio — Radio &
TV Servicing — TV Eng. —
Telecommunications — Elec-
tronics—Sound Recording—
Automation—Practical Radio
—Radioc Amatenrs’ Exani.

CIVIL ENGINEERING
General Civil Eng. — Muni-
cipal Eng. — Structural Eng.
Sanitary Eng. — Road Eng.
Hydraulics—Mining— Water
Suppn')‘—!’rrra.' Tech.

ELEC. ENGINEERING
General Electrical Eng. —
Installations— Draughtsman-
ship — Hluminating Eng. —
Refrigeration — Elem. Elee.
Science — Elec. Supply —
Mining Elec. Eng.

AUTO ENGINEERING
General Auto Eng. — Auto.
Maintenance — Repair —
Aute. Diesel Maintenance —
Auto. Electrical Equipment—
Garage Management.

BUILDING
General Building — Heating
& Ventilation — Plumbing

— Architecture — Carpentry
— Painting — Decorating —
Specifications & Quantities
— Surveying — Architectural
Draughtsmanship.

of “Engineering Opportunities” ?

THIS BOOK TELLS YOU

+% HOW to get a better paid, more interest-
ing job.

% HOW to qualify for rapid promotion.

“ HOW to put some letters after your name
and become a key man . .. quickly and
easily.

% HOW to benefit from our free Advisory
and Appointments Depts.

+% HOW you can take advantage of the
chances you are now missing.

Y HOW, irrespective of your age, education
or experience, YOU can succeed in any
branch of Engineering.

156 PAGES OF EXPERT
CAREER - GUIDANCE

PRACTICAL INCLUDING
EQUIPMENT TOOLS

Basic Practical and Theote-  The specialist FElec-
tic Courses for beginners in tronics Division of
Radio, T.V., Electronics, Elc., B.ILE.T.
AM.LE.R.E. City & Guilds NOW offers you a
Radio Amateurs’ Exam. real laboratery train-
R.T.E.B. Certificate ing at home with
P.M.G. Certificate practical equipment.
Practical Radio Ask for details.

Radio & Television Servicing
B.I.E.T.

Practical Electronics
Electronics Engineering
Automation

You are bound to benefit from reading
“ENGINEERING OPPORTUNI-
TIES”, and if you are earning less than
£30 a week you should send for your
copy now—FREE and without
obligation.

POST NO

W10 BIET., 155 COLLEGE HOUSE, 3. sramplir paiteR i
29-31 WRIGHT'S LANE, W.8. an unsealed envelope.
Please send me a FREE copy of “ENGINEERING

WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBJECTS IN-
CLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT, INSTRU-
MENT TECHNOLOGY, WORKS STUDY, MATHEMATICS, ETC.

Which qualification would increase your earning power!
A.M.l.Mech.E., A.M.S M.l A.M.LE.R.E B.Sc.,

S.E., .M.IL.C.E., . En
AM.IP.E, AMIMI, ARILBA, ALO.B., AMIChemE, AR.CS.
M.R.S.H., AM.LE.D., AM.I.Mun.E,, CITY & GUILDS, GEN. CERT. OF

EDUCATION, ETC.
BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

155 COLLEGE HOUSE, 29-31 WRIGHT'S LANE, W.8

OPPORTUNITIES.” I am interested in (state subject, I

Published about the 15th of the month by GEORGE NEWNES LIMITED, Tower House, Southampton Street, London, W.C.2. Printed in England by

THE CHAPEL RIVER PRESS LIMITED, Andover, Hants. Sole Agents for Australia and New Zealand: GORDON & GOTCH (A/sia) Ltd.: South

Africa and Rhodesia; CENTRAL NEWS AGENCY LTD.: East Africa: STATIONERY & OFFICE SUPPLIES LTD. Subscription rate including
postage for one year: To any part of the World £1 16. 0.



FULLY DETAILED AND ILLUSTRATED

CATALOGUE

Over 90 big pages. The largest PRICE
range available in the country. 2/6

i
All types of components and (post paid)

PROVED ano TESTED DESIGNS

FULL AFTER SALES SERVICE AND GUARANTEE

equipment at competitive prices, " * CALL IN FOR DEMONSTRATIONS *
- DETAILED LEAFLETS FREE ON REQUEST
% 6-Transistor push-pull design. : 3
MW/LW POCKET SUPERHET RADIOQ | 3 §Transistor push-pull de 2 AND 4TRACK TAPE RECORDERS
TOTAL COST * ’F:’eﬁmeab;fﬁy geared tuning. ‘e b Pre-built
ull med./long wave tuning with push- L
TO BUILD » button wave change, Equipment—é
P.P. Y Double tuned IFT's. Valves—Collaro
85 o % Chromed front panel plate, Studio Decks—
(Battery 2/6 % Size: 7 < 4 x 2in, Fits any car. Portable Cabinets
PhuneYS,'-) % Pre-built units sold separately. with Speakers.
5 TOTAL Complete record
' ] i % All parts sold | cosTTO and playback.
s ; separately, BUILD 3
: % 6-Transistor design. Push-pull output, P, * ?’I"a‘:k deck 10 gns. P.P. 5/-. Amplifier
[ Y 2%in. Cl_eartone speaker, Printed circuit, I:Bigﬁums Ongst';kc?;l:n;;:g‘é‘ speal;e; i
' H Attractive .""°“|de‘f cabinet. (7in. > 4in, speaker with car fixing kit and 526 8}6. TT.;‘Q’SK
% Slow motion tuning. baffle board 20/- extra). i
S FlE e i R % 4-track deck £13. 19.6, P.P. 5/-, Amplifier
; 4 & g TWO WAVEBAND ALL TRANSISTOR 12 gns.  Cabinet with speaker 5 gns.
Y Size: 5% 3 ¢ l}in, CAR RARIO TO ASSEMBLE OR SPECIAL PRICE P.P
@AMAZING SENSITIVITY & SELECTIVITY® | @HIGH PERFORMANCE SUPERHET @ £30-6i5 FoneR
Prebuilc and
A SINCLAIR
g i 10 Watt & 20 Watt HI-FI AMPLIFIERS We stock: DESIGNS
tion,  low P @ POWER AMPLIFIERS. 10 TRANSISTORS | % Micro-6 Mwy/
noise Sy watts R.M.S. music power. 20 radio 59/6
) :lttls peak. 6-Transistor design. RECTIFIERS *::li?_ am‘:dg;}‘&
anel size 4 X 24 % %in. Response = P
0 s w0 20 “kefs” 100mV  into VALVES * '“3,';{" injector
ohm input. CRYSTALS f
UNIT 1. For 12/I5 ohm % Micro amp. 28/6
speak PRICE b MICROPHONES | * Esﬂllgﬂ\émp- kit
40 vole S 16 SVE]
: i a:mfﬁ.m.ﬁ 21 TEST GEAR | niir se10.6
4 UNIT 2. For 3 to 5 ohm TAP ECK -
4 speakers. PRICE PP =D = 4 WATT AND I WATT
"' 24/28 volt BU]LTE&.IU.B 26‘ SPEAKERS PACKAGED AMPLIFIERS
supply " | MuLTLMETERS | X STrensistor push-
¥« MAINS UNITS. 59/6. To cuit designs
power one amplifier or 69/6 to power RADIO % Size only 24 x
| two amplifiers (State 24 or 40 volt CONTROL 2 x Iin.
version). Y 4 wate 12/18
: PREAMPLIFIERS. Mono and stereo AMPLIFIERS volt, 1+ watt
; versions, 8 inputs, 14 to 300mV at Ik 9/12 volt
. to 500k. Response 30 c/s to 20 kc/s. RECORDERS % For 3 to0 5 ohm
Cbmlﬂlebte range of controls. Mains TUNERS *;pe\a’kers I
unit or battery operated. For pickups, mV into
tuners, tape, microphones, etc. RECORD DECKS Kn:lmi( [40 cf
UNIT'3. ' Mono fullfunetion pre- TWEETERS et
' : g Ve #75 PRICES. P.P a P.P.
L amplifier, Size: 94 % 24 x 2in. 1 Jo s Tk gL
| PRICEE 10 B B kot ot RECEIVERS BUILT I5W, B3/~ 1j6w. T8/6 "ijé
BUILTED. 0.02). " pancl piace 8/6) GENERATORS | 4.CHANNEL MICROPHONE
UNIT 4. simplified version of Unit 3. MIXER
, Price 65/-. P.P. 1/6. Panel plate 6/6. COMPONENTS Transistorised, 4 :
UNIT 5. Stereo preamplifier for AND inputs up to 100k
usz with two units or 2, Size Kohm.Full mixing
UNIT 3 9 % 3% % l§in. ACCESSORIES | PRICE 095 P.P,
i ; 176 -
. C
THE _FINEST QUALITY HI.FI gm;}f[ﬂ.lﬂ.ﬁ P.P. 3/6
AT UNBEATABLE PRICES (Front panel plate 12/6) VALUE FOR MONEY DESIGN
TRANSISTOR TWO WAVE BAND PUSH-BUTTON | VHF/FM TRANSISTOR TUNER TO BUILD
TEST TRANSISTORPORTABLE TO BUILD TOTAL -
EQUIPMENT TCTAL COST
All units size COSsT
6 2 4 % 2din R £6.19.6
RF generator, £ .2 ]
A 1106 5 rie, 26 eom-
¢ ) arFc‘p‘s %gdr.anr;;: (Batu;rles frontplate :
; g AF outputs. * 5i (Gold sprayed §
] +_.a PRICE £9.10.0 P.P.2/6 a4 cabinet  20/- #4
] Y% Kesistancefcapacitance bridge. £8.5.0. . ;p_;i_l gt extra). e 5
.P. 2/6 ik % S5-Transistor 4 diodes
% Audio. generator 10 ¢/s—I100 kcfs. 4 tor push % Printed circuit superhet
ranges. £16.15.0. P.P.2/6 pull design : A “ Geared u'ming STpm 105 me/s FM
] : %, YHFFM % Easy to follow printed SIrEATE % RF stage and double tuned IFT’s
sl TUNER % 8in. ferrite agrial. - D/T IFT's % Qutput up to | volt peak up to 100 Kohm
TO % Push button wave change % 9 volt 9mA supply-
ASSEMBLE % Geared tuning. Full Med./LW % Size in cabinet 4 X 3% x 2}in.
Two pre- K Actractive sturdy cabinet with handle. | % All parts sold separately
. p"lﬁ's"m“:;? Size: 10 % 7 x 3&in.
R .. vorkandlons pana SENSITIVE SUPERHET RADIO HENRY’S RADIO LTD.
ize: ¥ 33 X 4in Total Cost
“ B8 to IgB mc/s tuning £12.17.6 Let us quote for parts for your circuit. 303 EDGWARE RD., LONDON W2
% 100mV to 100Kohm cutout P.P.2/6 Send a list for quick reply. Quality PADdington 1008/9 3
* &Tﬁﬂfﬂjf""_ P”"':Pldblﬂ'-t- SUP!’-?th design components at realistic prices Open Mon. to Sat. 9-6. Thurs. | p.m,
units available separately) Open all day Saturday
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