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The Eddystone "840c" is an inexpensive, soundly engineered communications 
receiver giving full coverage from 480 kc/s to 30 Mc/s. It possesses a good perfor- 
mance and is built to give years of reliable service. The precision slow motion 
drive-an outstanding feature of all Eddystone receivers-renders tuning easy 
right up to the highest frequency, and the long horizontal scales aid frequency 
resolution. Modern styling and a pleasing two-tone grey finish lead to a most 
attractive receiver. 
List price E62. Os. Od. 

The Eddystone "940" is a larger and more elaborate communications receiver, with 
a correspondingly better performance. It has two fully tuned radio frequency stages 
and two intermediate frequency stages; variable selectivity with a crystal filter; built-in 
carrier level meter and push-pull output stage. Sensitivity is very high and outstanding 
results can be expected. Workmanship, construction and finish are all to the usual 
high Eddystone standards. Styling is modern, with two-tone grey finish. 
List price E125. Os. Od. 

THERE'S AN 

FOR ANY FREQUENCY 

BETWEEN 

10 kc/s and 
1,000 M/cs 

Please write for full Technical Specifications to the Manufacturers 

STRATTON & CO. LTD., BIRMINGHAM, 31 
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SOU. in 
AS A CAREER OR AS A FASCINATING HOBBY... 

THERE IS AN I CS COURSE FOR YOU! 

By taking an ICS specialised home study course 
you gain a sound theoretical and practical know- 
ledge of valve and transistor circuits and servicing 
work while building your own 5 -valve receiver, 
transistor portable (or a.f. amplifier), signal gen- 
erator and multi -test meter. All under expert 
tuition ! 

ICS Construction Courses have been specially 
written and designed by experienced radio engi- 
neers to enable YOU to learn easily and quickly, 
in your own home, in your own time. 

ICS training will take you from basic principles 
to advanced applications of various circuits, all 
made up from the kits supplied. 

With the ICS Complete Radio and Electronics 
Construction Course you get SIX kits, including 
testing instruments, tools and first class .com- 
ponents. And, what is most important, a personal 
library of Instruction Manuals. 

If you are making a career in the Radio Industry, 
you will be interested in the wide range of exami- 
nation and specialist diploma courses offered by 
ICS. These include: 

Radio and Television Engineering, Industrial 
Television, Radio and Television Servicing, 
Colour Television, Electronic Technicians, 
Servomechanisms, Radio -Electronic Telemetry, 
Instrumentation, Principles of Automation, 
Calculus for Electronics, Digital and Analogue 
Computers. 
Specialised coaching for Grad.Brit.I.R.E., 

C. &G. Telecommunication Technician's Cert. 
Radio &TV Servicing Cert.(R.T.E.B.), P.M.G. 
Certs. and Radio Amateur's Exam. 
Examination students coached until successful 

For full details 

of ICS Radio and 

Electronics Courses 

post coupon 

TODAY 

PRACTICAL INSTRUCTION! 

1 
Assembly and use of signal generator and multi -test meter 
(especially valuable in servicing work). 

Construction of 5 -valve 2 -waveband AC/DC superheterodyne 
receiver, and a number of instructional experiments, using testing 
instruments. 

3 
Construction of 6 -transistor (with semiconductor diode) 2 -waveband 
portable, and a number of instructional experiments, including 
a.f. amplifier with microphone pre -amplifier. 

ICS (DEPT. 248)1 NTERTEXT HOUSE 
PARKGATE ROAD, LONDON, S.W.11 

NAME 

AGE 

ADDRESS ............. 

3.64 

INTERNATIONAL CORRESPONDENCE SCHOOLS 
Member of the Association o British Correspondence Colleges 
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S-33 

HI-FI AMPLIFIERS 

S-99 

TUNERS 

HI-FI 6W STEREO AMPLIFIER. Model S-33. S watts per channel 0.3% 
distortion at 2.5W/chnl., 20dB N.F.B. Inputs for Radio (or Tape) and Gram, 
Stereo or Monaural, ganged controls. Sensitivity 200mV. £13.7.6 
DE LUXE STEREO AMPLIFIER. Model S-3311. De luxe version of the 
S-33 with two-tone grey perspex panel, and higher sensitivity necessary to 
accept the Decca Deram pick-up. £15.17.6 
HI-FI STEREO AMPLIFIER. Model S-99. 18W output. Ganged controls. 
Stereo/Mono gram., radio and tape inputs. Push-button selection. Printed 
circuit construction. £27.19.6 
POWER SUPPLY UNIT. Model MGP-1. Input 100/120V, 200/250V. 
40-60 c/s. Output 6.3V, 2.5A A.C. 200, 250, 270V, 120mA max. D.C. 

£5.2.6 
A wide range of American Audio equipment available. See Direct Mail 
order scheme below. 

S 

GL -58 

RECORD PLAYERS 

MA -12 

GOLDRING LENCO TRANSCRIPTION PLAYER. Model 
GL -56. With G-60 pick-up arm and Ronette 105 cartridge. £18.19.2 
GARRARD AUTO/RECORD PLAYER. Model AT -6. With 
R 105 cartridge. £13.12.1 With Decca Deram pick-up £14.6.1 

SUGDEN MOTOR UNIT "CONNOISSEUR CRAFTSMAN". 
Heavy duty motor operating at 334 and 45 r.p.m. Very heavy 12" 
turntable. Virtually no rumble. £16.6.6 
HI-FI MONO AMPLIFIER. Model MA -5. A general purpose 5W 
Amplifier, with inputs for Gram., Radio. Presentation similar to S-33. 

£10.19.6 
HI-FI MONO AMPLIFIER. Model MA -12. 12W output, wide 
freq. range, low distortion. £11.18.0 

j±' -i) Enjoy Yourself and Sa v e Money 
TEST INSTRUMENTS 

CAPACITANCE METER. Model CM -1U. Direct - 
reading 44" scale. Full-scale ranges 0-100µµF, 0-1,000µµF 
0-0.01µF and 0-0.1µF. £15.15.0 
VALVE VOLTMETER. Model V -7A. 7 voltage ranges 
d.c. volts to 1,500. A.C. to 1,500 r.m.s. and 4,000 peak 
to peak. Resistance 0.10 to I,000MS2 with internal battery. 
D.C. input impedance 11MS2. dB measurement, has 
centre -zero scale. Complete with test prods, lead and 
standardising battery. £13.18.6 
NEW! DE LUXE VALVE VOLTMETER, Model 
IM -13U. Circuit and specification known 
V -7A but with many refinements. 6" Ernest Turner meter. 
Unique gimbal bracket allows instrument to be used in 
many positions. Modern styling. Please send for details. 

£18.18.0 
MULTIMETER. Model MM -1U. Ranges 0-1.5V to 
1,500V A.C. and D.c(.; 150µA to 15A D.C.; 0.20 to 20MO. 
44" 50µA meter. £12.18.0 
R.F. SIGNAL GENERATOR. Model RF -1U. Up to 
100 Mc/s fundamental and 200 Mc/s on harmonics and 
up to 100mV output on all bands. £13.8.0 

5" OSCILLOSCOPE. Model 0-12U. Has wide -band 
amplifiers, essential for TV servicing, FM alignment, etc. 
Vertical frequency response 3 c/s to over 5 Mc/s, without 
extra switching T/B covers 10 c/s to 500 kc/s in 5 ranges. 

£35.10.0 
2}" SERVICE 'SCOPE. Model OS -1. Light, compact 
portable for service engineers. Dim. 5" x 8" x 144" long. 
Wt. "104 lb. £21.18.0 
ELECTRONIC SWITCH. Model S --RU (Oscilloscope 
Trace Doubler). Enables a single beam oscilloscope to 
give simultaneous traces of two separate and independent 
signals. Switching rates approx. 150, 500, 1,500, 5,000 
and 15,000 c/s. Sig. freq. response 0-100 kc/s. ±1dB. 
Separate gain controls and sync. output. Sig. input range 
0.1-1.8V r.m.s. £12.18.0 
AUDIO SIGNAL GENERATOR. Model AG -9U. 
10 c/s to 100 kc/s, switch selected. Distortion less than 
0.1 %, 10V sine wave output metered in volts and dB's. 

£22.10.0 
RESISTANCE/CAPACITANCE BRIDGE. Model C -3U. 
Measures capacity 10pF to 1,000µF, resistance 1005 to 
5MS2 and power factor. 5-450V test voltages: With safety 
switch. £10.10.0 

O -12U 

C -3U 
-A RANGE OF 

250 AMERICAN HEATHKIT MODELS 
Now obtainable for direct delivery from U.S. plant 
to your U.K. address. Illustrated catalogue and full 
details of mail order scheme can be obtained from us 
for the nominal charge of 1/- post paid. 

V -7A 

RF -1U 

TRANSISTOR RADIOS 
LATEST MODEL! "OXFORD" 
LUXURY PORTABLE. Model UXR-2. 
Specially designed for use as a domestic, 
car or personal portable receiver. Many 
features, including solid leather case. 

£14.18.0 

TRANSISTOR PORTABLE. Model UXR. 
1. Pre -aligned I.F. transformers, printed 
circuit. Covers L.W. and M.W. Has 7" 
x 4" loudspeaker. Real hide case. 

£12.11.0 

TRANSISTOR PORTABLE RECEIVER. 
Model RSW-1. In a handsome leather case, 
it has retractable whip aerial and socket for 
car radio use. Covers Med., Trawler and 
two S wave bands. £19.17.6 

JUNIOR TRANSISTOR RADIO. Model 
UJR-1. Single transistor set. Excellent 
introduction to radio. £2.7.6 

UXR-2 

UJR-1 

!!fla 

FOR THE MUSICIAN 
PA AMPLIFIER PA -1. The 
ideal compact unit for VOCAL- 
ISTS, INSTRUMENTALISTS, 
RECORDS, with 50W (100W 
pk output), 2 Heavy Duty 
Speakers. Variable TREMOLO 
Elegant modern cabinet. Send 
for full specification. 
£54.15.0 
Legs optional extra 17/6 set of 4. 

ELECTRONIC ORGAN 
(fully transistorised) 

Ideal for Soloists, Home use, Groups. Full 20 WATTS VOLUME. 
Matching bench £14.10.0 extra. £187.10.0 

*4111,+w.nNNINOVINM 

Money -back Guarantee 
Daystrom Limited unconditionally guarantees that each Heathkit 
product assembled in accordance with our easy -to -understand 
instruction manual must meet our published specifications 
for performance or the purchase price will be cheerfully 
refunded. 
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TAPE DECKS 

COLLARD 

CONTROL UNITS 

D-83 

COLLARO "STUDIO" TAPE DECK. The finest buy in its price 
range. Operating speeds: 11", 31" and 7+" p.s. Two tracks "wow" 
and "flutter" not greater than 0.15% at 7+" p.s. £17.10.0 

TRUVOX D92/2 & D83/4 TAPE DECKS. High quality mono/ 
stereo tape decks. 
D92/2, 2 track, £36.15.0 D83/4, 4 track, £29,8.0 

HI-FI AM/FM TUNER. Model AFM-1. Available in two units 
which, for your convenience, are sold separately. Tuning heart 
(AFM-Tl 4.l3.6 incl. P.T.) and I.F. amplifier (AFM-AI- 
£21.16.6). Printed circuit board, 8 valves. Covers L.W., M.W. 
S.W., and F.M. Built-in power supply. Total £26.10.0 

Ì 

TAPE AMPLIFIERS 

HI-FI FM TUNER. Model FM -4U. Also available in two units. R.F. 
tuning unit (£2.15.0 incl. P.T.) with I.F. output of 10.7 Mc/s, and amplifier 
unit, with power supply and valves (£13.3.0). Total £15.1$,0 
TAPE RECORDING/PLAYBACK AMPLIFIER. Thermometer type 
recording indicators, press -button speed compensation and input selection. 
Mono Model TA -1M, £19.18.0 Stereo Model TA -1S, £25.10.0 
MONO CONTROL UNIT. Model UMC-1. Designed to work with the 
MA -12 or similar amplifier requiring 0.25V or less for full output. - 5 inputs. 
Baxandall type controls. £8.12.6 
STEREO CONTROL UNIT. Model USC -1. Push-button selection, 
accurately matched ganged controls to ± 1dB. Negative foodback, rumble 
and variable low-pass filters. Printed circuit boards. £19.10.0 

Building these ileathk/t mode/s eorsrsow// 

SPEAKER SYSTEMS ' 
HI-FI SPEAKER SYSTEM. Model SSU-1. 
Ducted -port bass reflex cabinet "in the 
white". Two speakers. Vertical or horizontal 
models with legs £11.12.0 without legs 
£10.17.6. 
THE "COTSWOLD". This is an acoustic- 
ally designed enclosure 26" x 23" x 15i." 
housing a 12" bass speaker with 2" speech 
coil, elliptical middle speaker together with 
a pressure unit to cover the full frequency 
range of 32-20,000 c/s. Capable of doing 
justice to the finest programme source, its 
polar distribution makes it ideal for really 
Hi-Fi Stereo. 

MFS 

COTSWOLD "MFS" SYSTEM. Specially 
developed to give best possible results in 
small rooms. This minimum floor space 
model is based on.standard Cotswold. Size: 
36" high x 164" wide x 14+" deep. 

Either Model £23.4.0 

HI-FI EQUIPMENT CABINETS 
A wide range of equipment cabinets 
are available to meet the differing 
needs of enthusiasts. Designed for 
max. operating convenience or for 
where room space is an overriding 
consideration this range includes 
kits, ready assembled cabinets or 
fully finished cabinets, and has at 

"GLOUCESTER" ' least one model to suit your require- 
ments. Send for full details. 

Other models from our wide range include 
NEW! SELF SUPPORTING AERIAL TOWER, Model HT -1. 
for Commercial TV, fringe TV reception, Radio Amateur use. 
32 ft. high, square section (full erection instructions). HT -1G 
(gal finish) £35.15.0. HT -1 (red oxide finish) £29.15.0. Range 
of accessories, TV, VHF, FM aerials, etc. 

All models also available assembled 
Deferred Terms over £10 
Send coupon for FREE illustrated British catalogue 
of Heathkit range to: 

DAYSTROM LTD 
DEPT. RC.3 
GLOUCESTER 

AMATEUR EQUIPMENT 

SB -10U 

DX -40U 

AMATEUR BANDS RECEIVER. Model 
RA -1. To cover all the Amateur Bands 
from 160-10 metres. Many special features, 
including: half -lattice crystal filter; 8 valves; 
signal strength "S" meter; tuned R.F. 
Amplifier Stage. Send for spec. £39.6.6 
THE "MOHICAN" GENERAL COVER- 
AGE RECEIVER. Model GC -1U. With 
4 piezo-electric transfilters, variable tuned 
B.F.O. and Zener diode stabiliser, this is 
an excellent fully transistorised general 
purpose receiver for Amateur and Short 
wave listeners. Printed circuit boards, 
telescopic whip antenna, tuning meter and 
large slide -rule dial, 10 transistors. £39.17.6 
AMATEUR TRANSMITTER. Model DX - 
10015. The world's most popular, compact 
and completely self-contained Amateur 
Transmitter. Covers all amateur bands: 
160-10 m. 150W d.c. input. Careful design 
has achieved the stability and high per- 
formance -for which the DX -100U is noted 
and no less than 35 disc ceramic capacitors 
reduce TVI to a minimum. £79.10.0 

A wide range of American amateur equipment. See Mail Order Scheme. 

SINGLE SIDEBAND ADAPTOR. Model SB -10U. 
May be used with most A.M. transmitters. Less than 
3W R.F. input power required for 10W output. Operation 
on 80, 40, 20, 15 and 10m bands on U.S.B., L.S.B. or 
D.S.B. £39.5.0 
AMATEUR TRANSMITTER. Model DX -40U. Covers 
all amateur bands from 80 to 10 metres; crystal controlled. 
Power input 75W C.W., 60W peak controlled carrier 
phone. Output 40W to aerial. Provision for V.F.O. 
Filters minimise TV interference. £33.19.0 
New Model RG -1 

COMMUNICATIONS TYPE RECEIVER. 
A high performance, low cost receiver for the discrimin- 
ating listener. Frequency coverage: 600 kc/s -1.5 Mc/s 
and 1.7 Mc/s - 32 Mc/s. 
Send for full specification. £39.16.0 
VARIABLE FREQUENCY OSCILLATOR. Model 
VF -1U. Calibrated, 160-10 m. Fundamentals on 160 
and 40m. Ideal for our DX -40U and similar transmitters. 

£10.17.6 

Without obligation please send me (Tick here) 
I FREE BRITISH HEATHKIT CATALOGUE........__.........._..._....._... I 1 

I FULL DETAILS OF MODEL(S) 
(Please write in BLOCK CAPITALS) 

NAME..................... .......__..........._.__.........._....._____-._. ___._-..._....._..._.__ ___._.._..__..__.__ 

ADDRESS.......___.........._........._._..........._.._ _ _....._ ............._._...____._......_...._............_..._......._....... 

_....._.........._._._....__...........__._....._.._._ ............. DEPT. RC.3 
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THE SKYROVER 
Controls: Waveband Selector, 
Volume Control with On/off 
Switch, Tuning Control. In plas- 
tic cabinet, size 10" x 6}" x 3f", 
with metal trim and carrying 
handle. 
Can be built for 

f10.19.6 
P. and P. 5/- extra 

FOR THE FINEST RANGE OF 

TRANSISTOR RECEIVERS 
We consider our construction parcels to be the finest value on the home constructor market. 
If on receipt you feel not competent to build the set, you may return it as received within 7 days, 
when the sum paid will be refunded, less postage. 

THE SKYROVER 
and the SKYROVER DE LUXE 
GENERAL SPECIFICATION. 7 transistor plus 2 diode Super - 
het, 6 waveband portable receiver. Operating from four 1.5V torch 
batteries. The SKYROVER and SKYROVER DE LUXE cover the 
full medium waveband and short waveband 31-94 M, and also 4 

separate switched band -spread ranges, 13 M, 16 M, 19 M and 25 M, 

with band -spread tuning for accurate station selection. The coil 
pack and tuning heart is completely factory assembled, wired and 
tested. The remaining assembly can be completed in under three 
hours from our easy to follow, stage by stage instructions. 

SPECIFICATION: Superhet, 470 kc/s. All Mullard transistors and 
diode. Uses 4 U2 batteries. 5" Ceramic Magnet P.M. Speaker. 
Easy to read Dial Scale. Band -spread Tuning. 500mW Output. 
Telescopic Aerial and Ferrite Rod Aerial. 

WAVEBAND COVERAGE: 180-576 M, 31-94 M, and band - 

spread on 13, 16, 19 and 25 metre bands. 

All components available separately. Four batteries included 
free. Data for each receiver, 2/6 extra, refunded if you pur- 
chase the parcel. 

THE SKYROVER DE LUXE 
Tone Control circuit is incorporated, with separate Tone Control 
in addition to Volume Control, Tuning Control and Waveband 
Selector. In a wood cabinet, size I If" x 61-" x 3", covered with 

81 a washable material, with plastic trim and carrying handle. Also 
car aerial socket fitted. 

Can be built for £12.19.6 P. and P. 5/- extra 

READY BUILT BARGAINS 
BOY'S TRANSISTOR RADIO. Ready 
built, 2 -transistor pocket radio. In 

attractive plastic case. Size only 4^ x 21." x 
I". Fitted with 2}" loudspeaker. Socket 
for personal earpiece and telescopic aerial. 
Works from single PP3-type battery, 
Fully tunable over full Medium waveband, 
Supplied complete with earpiece, telescopic 
aerial, carrying purse and 9 volt 
battery. Ideal Birthday Present. 

LASKY'S PRICE 42/ - 
with all accessories. Post Free. 

6 -Transistor Pocket Radio.Fully 
built. 4" x 21." x I", with 2}" 
speaker. Uses single PP3-type 
battery. Supplied complete with personal ear- 
piece and leather case. Tunable over full Medium 
waveband. LASKY'S PRICE 79/6 
complete with all accessories. Post Free. 

TRANSFILTERS by BRUSH CRYSTAL CO. 

TO -01B 465 kc/s ± 2 kc/s 
TO -01D 470 kc/s ± 2 kc/s 
TO -02B 465 kc/s t I kc/s 
TO -02D 470 kc/s f I kc/s 
TF -01B 465 kc/s ± 2 kc/s 
TF -01D 470 kc/s ± 2 kc/s 

I6/6 each I 
P. & P. 6d. 

TAPE DECK MOTORS 
Motors for the Collaro Studio 
Deck - new and unused. 
200-250V A.C. Take-up, re- 
wind and capstan. Listed at 
C2 5s. each. LASKY'S PRICE 
14/11 each. P. & P. 2/6. 
Set of three 35/-. P. & P. 6/-. 

DISTLER MINIATURE MOTORS 
6 volt battery operated. P. & P. 2/6 7111 

LOOK !- LASKY'S NEW SCOOP ! 

The "Sixteen" Multirange 

METER 
KIT 

This outstanding 
meter was featured by 
Practical Wireless 
in the January 
1964 issue. Lasky's 
are now able to offer 
the complete kit of 
parcs as specified by 
the designer. The 
"Sixteen" Multi range offers the home constructor 
and serviceman an instrument that will meet mos t 
of his requirements for voltage, current and 
resistance measurement. There are 16 switched 
ranges: 9 for voltage measurement, 4 current 
ranges and 3 resistance ranges. All British com- 
ponents are used throughout. The instrument case 
is supplied with the meter movement built-in. 
The two scales are clearly printed in black on 
white and are very easy to read. 
RANGE SPECIFICATION 
D.C. volts: 0-2.5-25-50-250-500 at 20.0000/V. 
A.C. volts: 0-25-50-250-500 at 1,0000/V. 
D.C. current: 0-5011A, 0-2.5-50-250mA. 
Resistance: 0-2,0000, 0-200kO, 0-20M O. 
Basic movenent: 40mA f.s.d. moving coil. With uni- 
versal shunt full scale deflection current is 50mA. 
Size/finish: Black plastic case 31" x 5f" x If". 

Controls: 12 position range switch; separate slide 
switch for A.C.v olts-D.C. ohms; ohms zero 
adjustment pot. meter; meter zero. 
External connections: Two 4mm sockets for test 
lead plu. 
Power requirements: One I5V and one 1.5V 
batteries. Complete with all parts and full 
construction details. 
This offer is exclusive to Lasky's! 

PRICE 
LASKY'S £5. 19.ó P. & P. 5/ - 
Data and circuit available separately 2/6, refunded 
if all parts bought. Pair of batteries, 2/5 extra. 

REALISTIC SEVEN 
* 7 -transistor Superhet. * 350 milliwatt 
output into 4" high flux speaker. * All com- 
ponents mounted on a single printed circuit 
board, size 5f" x 
5f" in one com- 
plete assembly. * Plastic cabinet 
with carrying 
handle, size 7" x 
10" x 3} in Red/ 
Grey, Blue/Grey 
or all Grey. * 
Easy to read Dial. * External socket 
for car aerial. * I.F. frequency 
470 kc/s. * Ferrite rod internal aerial. Oper- 
ates from PP9 or similar battery. * Full 
comprehensive data supplied with each re- 
ceiver. * All coils and I.F.s, etc., fully wound 
ready for immediate assembly. 
An Outstanding Receiver. LASKY'S PRICE 
for the complete parcel including Transistors, 
Cabinet, Speaker, etc., and Full Construction 
Data. Can be built for: fS 19 6 P. and P. 4/6 . 
PP9 Battery, 3/9. Data and instructions 
separately, 2/6. Refunded if you purchase 
the parcel. 

REALISTIC `Seven' De Luxe 
With the same specification as standard model 
-PLUS a superior wood cabinet in contempor- 
ary styling. ALSO a full vision circular dial 

FOR ONLY t 
P. & P. as std. model L1 EXTRA 

THE SPRITE 
CBAUNILTBEFOR 79/6 3/6 extra 

* Six -Transistor Super - 
het Miniature Per- 

t _..a sonal Pocket Radio 
* Long and medium 

wavebands * Ferrite Rod Aerial 
* 1.F. Frq. 470 kc/s 
* 3" speaker 

* Printed circuit 21" x 2" 
* In Plastic Case. Size 4" x 2}" x f". 
In order to ensure perfect results, the SPRITE 
is supplied to you with R.F. and L.F. stages. 
Driver and output stages ready built with all 
components mounted on the printed circuit. 
The SPRITE pre -assembled, plus cabinet, 
speaker and all components for fmal construc- 
tion, can be built for 79/6. Postage and 
package 3/6 extra. Data and instructions 
separately 2/6. Refunded if parcel is purchased. 
Real calf leather case, wrist strap, personal 
earphone and case for earphone and battery, 
12/6 the lot extra. Make no mistake, this is a 
SUPERHET receiver of genuine commercial 
quality. It is not a regenerative circuit. 

HEADPHONES 
S. G. Brown type F earphones-moving iron 
2,00052. Hand-held type, but a headband could 
easily be fitted. 

LASKY'S 14'6 PAIR P. & P. 1/6 PRICE 

TRANSISTORS 
All New and Guaranteed 

GET.SI, GET.S5, GET.S6-2/6; 837A, 874P- 
3/6; OC.45, OC.71, OC.81 D-4/6; OC.44, 
OC.70, OC.76, OC.81 (matched pair 10/6)- 
5/6; AF.I 17, OC.72, OC.75, OC.170, OC.171, 
OC.200-6/6; OC.25, OC.42, OC.43, OC.73, 
OC.82D-7/6; OCP.71-9/6; OC.28, OC.201, 
OC.204-15/-: OC.205, OC.206-19/6. 

33 TOTTENHAM COURT ROAD W1 207 EDGWARE ROAD W2 152/3 FLEET STREET EC4 

2 mins. Oxford St. Nearest Station: Goodge St. Few yards from Praed St. (ELECTRONICS Fleet St. Ltd) FLEet 2833. 

MUSeum 2605 PADdington 3271/2 Open all day Thurs. Closed 1 p.m. Sat. 

Tottenham Ct. Rd. & Edgware Rd. addresses open all day Sat. Close I Thur. Please address all Mail Orders to Dept. W at above Edgware Road address 
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THE SMALLEST BATTERY IN THE WORLD 

MALLORY. 

(MALLORY ZM-312) 

GIVES LIFE TO THE 

WORLD'S SMALLEST 

RADIO(SINCLAIR MICRO 6) 

Leakproof Mallory batteries come in 

two types-Mercury and Manganese 
Alkaline-and a full range of powerful 
miniature and standard sizes. They 

pack many, many times more energy 

per volume than ordinary batteries, 
give a far longer, more stable life. For 

that extra, sustained performance, 
remember MALLORY batteries . . . 

and ask for them by name. 

for new ideas in batteries 

MALLORY BATTERIES LTD CRAWLEY SUSSEX 
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THE S M ALLEST 

A fantastic development in micro -miniaturisation 
The Sinclair Micro -Six is the smallest radio 
set in the world. Its six -stage circuit gives it 
the power and sensitivity that make recep- 

tion possible under the severest listening 
conditions so that you can have radio at your 
command no matter where you are, in car or 

bus, at home or at work. Just look at the re- 

markable specification of this latest Sinclair 
micro -electronic design-and then look at its 

size. It is by the use of micro -components, 
originally developed for use in space and 

computer electronics, that a set with these 

proven standards can be contained within a 

case considerably smaller than a matchbox. 

Brilliantly designed by the Sinclair research 

and development team, the Micro -6 is years 

ahead of anything the Americans, Japanese 

or Germans have yet produced. For within 
its minute dimensions, just 1f x 1136" x 
it incorporates the features of a de luxe re- 

ceiver. The professionally styled case and dial 

give this set outstanding appearance and make 
it a delight to use. Building the Micro -6 will 
be the most fascinating experience you have 

ever had in electronics. Send for yours today 
and you will have for your pride and lasting 
pleasure the smallest and most efficient 
receiver of its kind on earth. 

A WORLD-BEATING BRITISH DESIGN 

SINCLAIR MICRO -6 
One of a series of specialised micro -electronic transistor designs by 

SINCLAIR RADIONICS LTD., 69 HISTON ROAD, CAMBRIDGE 
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SET IN THE WORLD 
Six stage sensitivity 

Unique circuitry gives immense 
power and quality 

Plays in car, train, bus or plane 

Self-contained ferrite rod aerial 
and batteries 

CHASSIS VIEW 
ACTUAL SIZE 

This life-size illustration of the Micro -6 shows the in- 
genious printed circuit board layout which makes it such a 

delight to build. By following the well -presented instruc- 
tions, building could not be simpler. 

TECHNICAL DESCRIPTION 
The Micro -6 uses Micro -Alloy Transistors (MATS) in a com- 
pletely new circuit comprising six stages. Two stages of R.F. 

amplification are followed by an efficient double -diode detector 
which drives a high gain three stage A.F. amplifier. Powerful 
A.G.C. is applied to the first R.F. stage to ensure fade -free 
reception of the most distant station, and tuning covers the 
entire medium waveband. This is widened out at the high 
frequency end to provide improved separation of Continental 
stations. The tiny ferrite rod aerial and earpiece socket were 
both specially designed for this set. This socket incorporates a 

switch which operates automatically on inserting the earpiece 
plug, and switches off when the plug is withdrawn. Listening 
is by means of the high -impedance lightweight earpiece pro- 
vided. Quality of reproduction is outstandingly good. 
Instructions for building the Micro -6 set a new standard of 
clarity and simplicity. The diagrams are a masterpiece of 
technical illustration and the text contains all the information 
you require. 

Total cost all parts, including 
earpiece, case, dial and instruc- 
tions, come to 

Mallory Mercury Cell Type ZM312-1/11 each 

MORE SINCLAIR DESIGNS ON NEXT PAGE 

L 

ONLY 14/5' x 13/10 x 72" 

A.G.C. 

1st R.F. 
Amp. -- 

2nd R.F. 
Amp. Detector 

1st A.F. 
Amp. 

2nd A.F. 
Amp. 

3rd A.F. 
Amp. 

BLOCK DIAGRAM OF THE SINCLAIR MICRO -6 
Advanced design techniques result in six -stage circuitry shown above, and 
it is this that ensures the wonderful standards of performance of this set. 

SINCLAIR GUARANTEE 
If you are not completely satisfied with your purchase (we are con- 
fident that you will be delighted) your full purchase price will be 
refunded instantly and without question. 

FULL SERVICE FACILITIES AVAILABLE TO ALL 
SINCLAIR CUSTOMERS 

If you do not wish to cut coupon, please mention RC.3 when ordering 

To SINCLAIR RADTONICS LTD., 
69 

CAMBRID EA I 
Please send parts for building._.___ ................._............. Micro -6 Receiver(s) and I 

.______...._.._.___.. Mallory Cell(s) Type ZM321 at 1/11 each for which I enclose 

NAME ..._.. 

ADDRESS 

s. d 

BIM 
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THE MOST AMAZING TRIBUTE EVER 

PAID TO A CONSTRUCTOR'S SET 
The success of the Sinclair "Slimline" has been demonstrated 
again and again in the letters we have published from among 

the many hundreds sent to us by enthusiastic builders of this 
famous receiver. Of these, none surpasses the one we publish 
below. It typifies better than anything the ease with which 
the "Slimline" can be built and also the excellence of the 
performance it offers. Newcomers to micro -transistor set 

building cannot do better than start right away with the 
"Slimline" now. 

SINCLAIR 'Slimline' . 
simplicity itself to 
build 

I II 

60A Bromley Road, Catford, 
LONDON, S.E.6 

3.12.63 

Dear Sirs, tributes to this fine little 

Though you have received many 
for I am a complete 

set,Is I should still like ttill add mine,the 
first 

duffer of over 50 who till now had never attempted 

hensivelythi through sheer ignorance. I am still ignorant of 
g 

radio, but, within two hours of I was 
of the instruction ,repro- 

duction 
to 

the 
first rog 

to mhl y and the quality of 

listening my 
that 

programme 
many times the price. 

surpasses 
of 

Yours faithfully, 
CARTER 

(Signed) HAROLD F. B. 

A facsimile copy of the original of this letter has 
been shown to the Editor of this and other 
technical magazines. 

SINCLAIR MICRO -PROBE 
Injects a test signal at any frequency from 
1 kc/s to 30 Mc/s into radio or amplifier for 
rapid location of faults. Smallest and most 

27,6 efficient of all. Only 1AA" x 1iß" x i". Probe 
Parts come to 

Built and tested 32/6 

50SINC[AIR RADIONICS LTD., 

Please send...... 

for which I enclose £ 

NAME ......_.. 

ADDRESS... 

BRC.3... 

s..................d 

7- 

69 HISTON ROAD 
CAMBRIDGE 

I 

I 

. I 

111 

It gives you Europe in 
the palm of your hand 
The Sinclair "Slimline" is a micro -miniature 
receiver with self-contained ferrite rod aerial 
and accommodation for a standard PP5 

battery. Using Sinclair MAT Transistors and 
special circuitry, it provides great power and 
quality, tuning over the whole medium wave- 
band, and will play in car, bus or train. 
With all components, gold -trimmed 
blue case (size 2-n" x 1 " x e") and / 
lightweight earpiece, to build this 49 6 
set costs 

SINCLAIR MICRO -AMPLIFIER 
Smaller than a 3d. piece! From 30 to 
50,000 c/s ±1dB; 60dB power gain. 
Makes a good R.F. broad band amp. n/ 
or will even drive a loudspeaker. 7g 6 Parts come to IL.7 Y 

TR5 COMBINED PRE -AMP 
AND 72W. AMPLIFIER 
With tone control circuit and + 
watt output (transformerless) into 
15 ohms. Sensitivity 0.5mV. Sup- 
plied ready built, with 59/6 instructions 

BOOKS FOR CONSTRUCTORS 
22 Circuits using MATs, 5/6. Tested Short Wave Receivers using 
MA`:, 5/6. Tested Superhet Circuits for Short Wave and Com- 
mui.._ation Receivers using MATs, 6/6. All three together, 16/6. 

SINCLAIR MICRO-6-SEE PREVIOUS PAGES 

SINCLAIR RADIONICS LTD 
69 HISTON ROAD, CAMBRIDGE 

If you do not wish to cut out the coupon, please quote RC.3 when ordering 
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7 VALVE AM/FM RADIOGRAM CHASSIS 
Three Waveband & Switched Gram Valve line-up ECC85, ECH81 

--- EF89, EABC80, EL84 positions. Med. 200-550m. Long 1,000- ,tr;;;:.,. 
2,000m. VHF/FM 88-95 Mc/s. Phillips mz ;; -. EMS!, EZ80 
Continental Tuning insert with perme- 
ability tuning on FM & combined AM/FM 
IF transformers. 460 kc/s and 10.7 Mc/s. 
Dust core tuning all coils. Latest circuitry 
including AVC & Neg. Feedback. 3 watt 
output. Sensitivity and reproduction of a 
very high standard. Chassis size 131"x'6}". 
Height 7f". Edge illuminated glass dial 

I I}"x 3f". Vert. pointer Horiz. station Aligned 
names. Gold on brown background. A.C. and tested Carr. & 200/250V operation. Magic -eye tuning. ready for tt1 

1 

1O.O Ins. 51- Circuit diag. now available. use. L 
1 

Comp. with 4 knobs -walnut or ivory to choice. Indoor FM aerial 3/6 ex. 3 sé 
P.M. Speaker only required. Recommended Quality Speakers 10" Elac H/D, 30/-. 
13f" x 8" E.M.I. Fidelity, 35/-. 12" R.A. with cone Tweeter, 42/6. Carr. 2/6. 

TAPE DECK 
BSR MONARDECK 

Type TD2 
Twin -track ... ... ... E7. 7.0 
Four -track ... ... ... £9.10.0 

Carr. 5/ - 

BARGAINS! 
COLLARO STUDIO 

3 -SPEED DECK 
Twin -track ... ... ... £10.10.0 
Four -track ... ... ... £13.10.0 

Carr. 7/6 

New VALVES Reduced 
Boxed Bargain Prices 
1T4 3/6 ECC83 7/- PCC84 8/- 
1R5 6/- ECL82 10/- PCF80 8/- 
155 6/- ECL80 9/- PCL83 10/6 
3S4 7/- EF80 7/6 PCL84 10/- 
3V4 7/- EF86 8/6 PL81 9/6 
DAF96 8/- EL84 7/- PL82 9/- 
DF96 8/- EY51 9/- PL83 8/- 
DK96 8/- EY86 9/- PY32 10/6 
DL96 8/- EZ81 7/- PY81 8/- 
ECC81 7/- GZ32 9/6 PY82 7/- 
ECC82 7/- EM84 8/6 U25 10/6 

Electrolytics All Types New Stk. 
TUBULAR CAN TYPES 

25/25V 1/9 8+8/450V 4/6 
50/12V 1/9 16+16/450V 5/6 
50/50V 2/- 32+32/275V 4/6 
100/25V 2/- 50+50/350V 6/6 
8/450V 2/3 60+250/ 
4/350V 2/3 275V 12/6 
16+16/450V 5/6 100+300/ 
32+32/450V 6/6 275V 12/6 
1000/25V 3/9 2000+4000/ 

6V 3/6 
Ersin Multicore Solder 60/40 4d. 
per yard. Cartons 2/6, etc. 

NEW BRITISH RECORDING TAPE 
Famous Mfr. Bulk Purchase -Genuine recommended Tape Bargain. 
Uncond. Guar. Fitted Leader & Stop Foils (except 3"). 

Standard (PVC base) Long Play (PVC base) D'ble Play (Myiar base) 
3" 150ft. ... 3/9 225ft. ... 4/9 300fc. ... 6/6 
5" 600ft. ... 11/6 900ft. ... 15/- 1,200ft. ... 25/- 
53" 850ft. ... 14/6 1,200ft. ... 17/6 1,800ft. ... 32/6 
7" 1,300ft. ... 17/6 1,800ft. ... 22/6 2,400ft. .. 42/6 
Post and Packing -3" Reels 6d. Each additional Reel 3d. 4" to 7" Reels 1/-. 
Each additional Reel 6d. 
EMPTY TAPE REELS (Plastic): 3" 1/3; 5" 2/-, 5e" 2/-, 7" 2/3. 
PLASTIC REEL CONTAINERS ;C -setter): 5" 1/9, 5;" 2/-, 7" 2/3 

Jack Plugs. Standard 2-" Igranic 
Type, 2/6. Screened Ditto, 3/3. 
Miniature scr. 1r, 2/3. Sub -min. 1/3. 
Jack Sockets. Open Igranic Moulded 
Type, 3/6. Closed Ditto, 4/-. Minia- 
ture Closed Type, 1/6. Sub -min. (deaf 
aid) ditto, 1/6. Stereo Jack Sockets, 3/6. 
Stereo Jack Plugs, 3/6. 
Phono Plugs, 9d. Phono Sockets 
(open), 9d. Ditto (closed), 1/-. Twin 
Phono Sockets (open), 1/3. 
Grundig Continental. 3 p. or 5 p. 
plug, 3/6. Sockets, 1/6. 

Soldering Irons. Mains 200/220V 
or 230/250V. Solon 25 watt Inst., 
22/6. Spare Elements, 4/6. Bits, 1/- 
65 watt, 27/6 etc. 
Alumin. Chassis. 18g. Plain 
Undrilled, folded 4 sides, 2" deep, 
6" x 4", 4/6, 8" x 6", 5/9, 10"x 7" 
6/9, 12" x 6", 7/6, 12" x 8", 8/- ecc, 
Alumin. Sheet. 18g. 6" x 6", 1/-, 
6" x 9", 1/6, 6" x 12", 2/-, 12" x 12". 
4/6 etc. 

RECORD PLAYER CABINETS 
Contemporary style, rexine covered cabinet 
in two-tone maroon and cream. Size 151" x 
148" x 8}", fitted with all accessories including 
baffle board and Vinair fret. Space available 
for all modern amplifiers and auto -changers, 
etc. Uncut record player mounting board 
14}" x I2}" supplied Cabinet Price 59/6. Carr. and Ins. 5/-. 

2 -VALVE 2 WATT AMPLIFIER 
EZ80 and Twin stage ECL82 with vol. and neg. 
feedback tone control. A.C. 200/250V with 
knobs, O.P. Tfr., ecc., ready wired to fit 
above cabinet. £3.4.0. P. & P. 1/6. 7" x 4" 
Speaker 15/6. P. & P. 2/-. 

COMPLETE R/PLAYER KIT. As ill. 
inc. BSR UA14 Unit. New Bargain 
Price Now Only £11.10.0, 7/6 carr. 

Now Available ! De luxe Record Player Kit 
Based on Mallard's 3 -watt amplifier with printed circuit and Bass Boost and Treble Controls and 8" x 5" High Flux Speaker and Garrard Auto -Slim Unit. Cabinet size, 17#" x 16" x 8". Send for full details; 3d. stamp. 

Complete Kit £13.19.6 carr. 101 - 

Volume Controls -5K-2 Meg - 
ohms, 3" Spindles Morganite Midget 
Type. I}" diam. Guar. I year. LOG 
or LIN ratios less Sw. 3/-. DP. Sw. 
4(6. Twin Stereo less Sw. 6/6. D.P. 
Sw. 9/6 (100 k. to 2 Meg. only). 

Meg. VOL Controls D.P. Sw. 
flatted spindle. Famous Mfrs. 

4 for 10/- post free. 

COAX 80 OHM CABLE 
High grade low loss Cellular air 
spaced Polythene -I" diameter. 
Stranded cond. Famous mfrs. Now 
only 6d. per yard. Bargain 
Prices -Special lengths: 

20 yds. 9/-. P. & P. 1/6. 
40 yds. 17/6. P. & P. 2/-. 
60 yds. 25/-. P. & P. 3/-. 

Coax Plugs 1/-. Sockets 1/-. 
Couplers 1/3. Outlet Boxes 4/6. 

Condensers-S/Mica all values 2pF to 
I,000pF 6d. Ditto Ceramic 9d. each 
.005, .01 and .1, ecc., I/-. Paper 
Tubular 450V .001 mfd to .01 mfd and 
.1/350V 9d..02 -.I mfd 1/-, .25 mfd 1/6, 
.5 mfd 1/9. 

Close Tol. S/Micas-10 % 5pF-500pF 
8d. 600-5,000pF 1/-. I% 2pF-100pF 
9d. 100pF-500pF I Id. 575pF-5,000pF 
1/6. Resistors -Full Range 10 ohms - 
10 megohms 20% } and kW 3d., ditto 
10% 4d., }W 5d. (Midget type modern 
rating) I W 6d., 2W 9d. Hi -Stab 5% }-;W 100 ohms I megohm 6d. Other 
values9d. I % }W 1/6. W/W Resistors 
25 ohms to IOK 5W 1/3, IOW 1/6, 15W 
2/-. Pre-set T/V Pots. W/W 25 
ohms -50K 3/-. 50K-2 Meg. (Carbon) 

TRANSISTOR BARGAINS 
Brand New-BVA Ist Grade 

OC44 8/6 OC70 5/6 
0C45 8/- OC71 6/- 
OC8ID 7/6 GEX34 2/9 
2/OC8I 15/6 OA70 2/9 
GET114 6/6 OABI 2/9 
0072 7/6 GEX I3 2/9 
AFI 17 9/6 

Speakers P.M. -3 ohms 2f" E.M.I 
15/6. Goodmans 3f" 16/6. 5" Rola 
15/6. 6" Elac 16/6. 7" x 4" Goodman 
15/6. 8" Rola 19/6. 10" R. x A. 25/-. 
9" x 6" Goodmans 22/6. E.M.I 
Tweeter 22/6. 
Speaker Fret -Expanded gilt ano 
dised metal ;" x }" diamond mesh, 
4/6 sq. ft., multiples of 6" cut. Max. 
size, 4ft. x aft. 47/6. Carr. extra. 
TYGAN FRET (contemp. pat.) 12" x 
2" 2/-, 12" x 18" 3/-, 12" x 24" 4/-, 

18" x 18" 4/6, etc. 

BON DACO UST Speaker Cab. Acous- 
tic Wadding, superior grade, I" thick, 12" 
wide, any length cut 1/6 per ft, 4/- per yd. 
ENAMELLED COPPER WIRE - 
fib reels, I4g-20g, 2/6; 22g -28g, 3/-; 
36g -38g, 4/3; 39g -40g, 4/6, etc. 
TINNED COPPER WIRE -14-22g. 
2/6 f lb. 
PVC CONNECTING WIRE -10 
colours (or chassis wiring, etc.) -Single 
or stranded conductor, per yd., 2d. 
Sleeving, Imm. and 2mm., 2d. yd., etc. 
KNOBS -Modern Continental types: 
Brown or Ivory with Gold Ring, I" dia., 
9d. each; I f", I/- each; Brown or Ivory 
with Gold Centre, I"dia., 10d. each; I f", 
1/3 each. LARGESELECTION AVAILABLE. 

TRANSISTOR COMPONENTS 
Midget I.F.'s-465 kc/s " diam. 5/6 
Osc. diam. M/W. 5/3 
Osc. coil M. & L.W. 5/9 
Midget Driver Trans. 3.5:1 6/9 
Ditto 0/Put Push-pull 3 ohms 6/9 
Elect. Condensers -Midget Type I5V 

I mfd-50mfd, ea. 1/9. 100mfd. 2/-. 
Ferrite Aerial -M. & L. W. with car 
aerial coupling coil, 9/3. 
Condensers -150V. wkg. .01 mfd. to 
.04 mfd., 9d. .05 mfd., .1 mfd., I/-. 
.25 mfd., 1/3. .5 mfd., 1/6, etc. 
Tuning Condensers. J.B. "00" 208+ 
176pF, 8/6. Ditto with trimmers, 9/6. 
365pF single, 7/6. Sub -min. }" DILEMIN 
100pF, 300pF, 500pF, 7/-. 
Midget Vol. Control with edge control 
knob, SkIJ with switch, 4/9, ditto less 
switch, 3/9. 
Speakers P.M. -2" Plessey 75 ohms, 
15/6. 2f" Continental 8 ohms, 13/6. 
7" x 4" Plessey 35 ohm, 23/6. 
Ear Plug Phones -Min. Continental 
type, 3ft. lead, jack plug and socket. 
High Imp. 8/-. Low Imp., 7/6. High 
sensitivity M/coil 8-10 ohms, 12/6. 
Brand New. Mfrs. surplus 1st grade. 

1 0C44 & 2 0C45, 15/6. 
I OC81D & 2 0081, 15/-. 
All above and 0A81, 32/6, post free. 

JASON FM TUNER UNITS 
Designer -approved kit of parts: 

FMT I, 5 gns. 4 valves, 20/-. 
FMT2, £7. 5 valves, 35/-. 
JTV MERCURY 10 gns. 

3 valves, 22/6. 
JTV2 £13.19.6. 4 valves, 28/6. 

NEW JASON FM HAND- 
BOOK, 2/6. 48 hr. Alignment 
Service 7/6. P. & P. 2/6. 

TRIMMERS, Ceramic (Compression 
Type)- 30pF, 50pF, 70pF, 9d.; 100pF, 
I50pF, 1/3; 250pF, 1/6; 600pF, 1/9. 
Philips Concentric Type-2-10pF, 1/-; 
3-30pF, 1/-. 
METAL RECTIFIERS- STC Types - 
RM I, 419; RM2, 5/6; RM3, 7/6; RM4, 
16/-; RMS, 21/-; RM4B, 17/6. 

MULLARD "3-3" HI-FI AMPLIFIER 
3 VALVES 3 WATT 
3 ohm and 15 ohm Output. 
A really first-class Amplifier 
giving Hi-Fi quality at 
reasonable cost. Mullard's 
latest circuit. Valve line-up: 
EF86, EL84, EZ81. Extra H.T. 
and L.T. available for Tuner 
Unit addition. This is the ideal 
companion Amplifier for FM 

tuner units. 
TECHNICAL SPECIFICATION-Freq. Response: ± IdB. 40 c/s -25 kc/s. 
Tone controls, max. treble cut 12dB at 10 kc/s. Max. Bass Boost 14dB at 
80 c/s sensitivity: 100MV for 3W output. Output Power (at 400 als); 3W 
at 1% total harmonic distortion. Hum and Noise Level: At least 70dB 
below 3W. 
COMPLETE KIT (incl. valves, all Bronze Escutcheon Panel, Print - 
components, wiring diagram and ed Vol., Treble, Bass, On -Off, 
special quality sectional Output Trans.) supplied with each kit. BARGAIN PRICE £6.19.6 carr. 4/6. Recommended Speakers -R. Allen 
Complete wired and tested, 8 gns. 12" with tweeter 42/6, WBHF10-12 Wired power 0/P socket and addi- £4.7.6, Goodmans Axiette 
tional smoothing for Tuner Unit, Axiom 10 £6.5.0, Audiom 51 £8.10.0. 
10/6 extra. Carr. extra. 

Send for detailed bargain lists, 3d. stamp. We manu 
facture all types Radio Mains Transf. Chokes, Quality 
O/P Trans., etc. Enquiries invited for Specials, Proto 
types for small production runs. Quotation by return 
RADIO COMPONENT SPECIALISTS 
70 Brigstock Rd., Thornton Heath, Surrey 
THO 2188 Hours; 9 a.m.-6 p.m., I p.m. Wed. Terms 
C.W.O. or C.O.D. Post and Packing up to # lb. 9d., I lb. 
113, 316. 2/3, S Ib. 219, 8 lb. 3/6. 
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This is a page from our Catalogue. 
If you think that the other 
199 pages would interest 
you, send Coupon 

below, with iÌ PO. 
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TCIt 

TG20 

TOSI 

Y 

HOME RA D MDe/0 of MITCHAM TC H A 
Pt. RC, 187 London Road, Mitcham, Surrey. Phone: MIT 3282 

IIIIIIIIIIIIillluuuuuul)111881 

179. 

nued 

fully transistorised 
signal generator (size only 6 in. x 

43 in.) (weight under 2 lb.). Frequency 
range 200 kc/s -220 

Mc/s. 
Battery (extra) 

. 

Price 
£ s. d. 

9 10 0 

2 3 

Maker: NOMBREX. 
Resistance 

Capacity Bridge 

Cat. Maker's 

No. No. 

Description 

£ i, d. 

TGI9 62 RANGES, 
I. I ohm -10K ohms. 2. 100 ohms -I 

Megohm. 
3. IOK ohms -100 Megohms. 

4. IpF- 

.01uF. 5, IOOpF-IuF, 
I.0OIuF-I(IOuF. 

ACCURACY. 
All the ranges employ close tolerance 

internal standards, 
permitting 

measurement 
to an 

accuracy of 21. ; or better at mid -scale. 

POWER FACTOR. 
This control operates on the high- 

est capacitance 
range 6, permitting 

power factor 

measurements 
up to 70;,,. 

LEAKAGE, 
Assessment 

of capacitor 
leakage is 

provided by a neon indicator circuit, for all capaci- 

tors of voltage rating 250-350 V.D.C. 

SIZE. 6 in. x 4 in. x 2, in. 

8 5 0 

Maker: NOMBREX. 
Audio Generator 

Car. Maker's 
No. No. 

TG20 
63 RANGES. 

10-1000,000 
cycles, in four multiplier 

ranges. 
Directly calibrated 

scale. 

OUTPUT. 
Sine wave and square wave. 

OUTPUT. 
Voltage: Mzximum 

1 volt peak, sine and 

square. Impcdance:Maximuml000ohms, 

Stabil- 

ity: Voltage constant over entire range within 

I dB. 
DISTORTION. 

Sine wave: Less than 1%. Square 

wave: Rise time 03uSec, 

ACCURACY. 
Frequency: 

Within 5 all ranges 

(average 
3}0). Output Voltage: Within 3°,; of 

indicated voltage. 

ATTENUATORS, 
1, Continuously 

variable attenuator, 

directly calibrated 
in millivolts. 

2. Three -position 

switched output multiplier, 
XI, X10 & X100. 

ran 

1 

Maker: Nil API ,ae wr 

....... r °rrrrrr 
to y,,,r name and address in 

A unit des I 
block P 

transisr I 

v (tars 

CURRENT 
I 

protect 1 N AME .... 

VOLTAGE 

........ 

Volta@ 

................_. ............................ 

REGULA' 

-_, 

ACCURA 
1 ADDRESS ._. 

SUPPLY, I 
. 

order) 
CONSUL 

1 

SIZE. I ................._..... . 

1 

1 HOME RADIO LTD., DEPT. RC, 187 LONDON ROAD, MITCHAM. 

7 I 
I I 
1 
I 
1 
1 
1 
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Printed Circuit 
- Transistor 

Amplifier F. G. Rayer, ASSOC. BRIT. I.R.E. 

A.F. amplifiers are always of interest to the home -constructor, and the transistorised design 

described here is particularly attractive since it employs a ready-made printed circuit board 

which allows a very neat and compact layout to be achieved. The design is versatile, in that it 
allows the use of transistors which may already be on hand, and the alternative component 

values needed with such transistors are fully discussed in the text 

HIS AMPLIFIER IS CONSTRUCTED COMPLETE ON A 

circuit board measuring approximately 24 x 
4#in, and it can be operated from any 9 volt 

battery. A 7} volt supply is also satisfactory, with 
slightly reduced output. Both high impedance and 
low impedance input points are provided. The high 
impedance input is suitable for a crystal pick-up 
and other high impedance sources, while the low 
impedance may be used with a transistor t.r.f. or 
superhet tuner. * 

*The high impedance input is at 470kO2, and this may cause a 
small amount of bass -cut with crystal pick-ups. Such bass -cut need 
not be a disadvantage, particularly when small speakers and en- 
closures are employed.-EDtroR. 

R1 

470 
kn 

High 

impedance 

R2 

47kn 

Low impedance 

The amplifier, as constructed on the circuit 
board, has optional connecting points for TRI 
input, and does not include the volume control. 
Though the amplifier is of small size, a relatively 
large output is obtainable. It is intended that the 
volume control and speaker shall depend on the 
equipment in which the amplifier is fitted. With a 
battery driven record player, a 7 x 4in or other 
fairly large speaker can usually be accommodated, 
and the volume control can be mounted near the 
turntable or other controls. Alternatively, for 
general purposes it may be preferred to place the 
amplifier in the speaker cabinet with the volume 
control. A 2-3 ohm speaker is required, and a 
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68On -9V 

4.7kn 
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l: VRI 
>51cn 
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Ikn 

C2 
30NF 

ID+ 

mug 

//11 

R5 

33kn 

00 

ryVYY 

jC3 
IOONF 
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Fig. 1. The circuit of the 4 -transistor printed circuit amplifier 

516 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



Emitter_ 

Basé 

Collector 

TRI 

Emitter 

C4 
R7 

Yellow Red 

Green Blue 
1Rz 

Dot 

Collector 
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Heat sink 

RII 

Clip 

Heat sink Clip 
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Fig. 2. The components fitted to the circuit board. In some instances it may be preferable to mount R1 away from 
the board 

miniature unit can be employed if a small overall 
size in the equipment makes this necessary. 

Circuit Board 
This is available complete with printed conductors, 

and it is ready to take all components. Construction 
is thus much simplified and speeded up, and the 
chance of making wiring errors is small. 

It is only proposed to give brief details of circuit 
board construction, as no difficulty is likely to be 
experienced. Components are placed on the 
insulated side of the board, with wire ends projecting 
through to the foil side. A small soldering iron 
with a ,1in or -i-in bit is most satisfactory, and 20 
or 22 s.w.g. radio -grade cored solder is necessary. 
The solder is always applied to the point where the 
junction between lead and printed conductor will 
occur, and not to the iron. 

Only a little solder is used on each joint, as excess 
may spread to other conductors. Lengthy applica- 
tion of the iron is not needed and should be avoided, 
because overheating may damage components. 

All components and their positions on the board 
are shown in Fig. 2, and it is as well to leave the 
transistors until last. The electrolytic capacitors 
have positive and negative lead -outs, which are 
positioned as shown. Resistors can of course be 
inserted either way round, but care should be taken 
to see that each value is correct for its circuit 
position. 

The wire ends of capacitors and resistors are 
bent over so that they can pass through the appro- 
priate holes. Extremely sharp bends, which may 
fracture the wires, should be avoided, and leads 
should not be bent immediately against the com- 
ponent body. 
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Resistors and capacitors rest on the board, and 
the protruding wire ends are bent out slightly, to 
keep the components in place. The board is then 
turned over, and the joints soldered. A good joint 
should be made in a few seconds, after which the 
iron is removed at once. Excess projecting wire is 
snipped off. 

Resistors R5 and R11 stand vertically. One 
lead is left straight, and the other given two right 
angle bends. 

Transformer T1 is held by its leads, which are 
bared and shaped to pass down through the holes 
indicated. T2 is secured by projecting lugs, these 
being soldered to conductors on the foil side of the 
board. 

Fig. 3 shows the underside of the board. Flexible 

Below -chassis view 
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Fig. 3. The connections appearing on the copper side of the board 

leads of appropriate length are taken from the 
connecting points indicated, these comprising twin 
flex from T2 secondary to the speaker, and red and 
black flex for battery positive and battery negative 
connections. No on -off switch is incorporated in 
the board wiring. For many purposes, the switch 
can be provided by the volume control in the usual 
way, and both miniature and ordinary volume 
controls are available with a single pole switch for 
this purpose. However, some turntable mechanisms 
have a switch incorporated, and the amplifier can 
then be wired in parallel with the turntable motor. 
Both motor and amplifier are then switched on by 
raising the pick-up arm. 

Various input circuits are possible, to suit the 
equipment, and these are explained later. 

Transistors 
Special care is needed when soldering the transis- 

tors, as lengthy heating will cause damage. All 
transistor leads can be at least lin long, and this 
reduces the chances of excessive heat reaching the 
body. A heat shunt must be clipped on each lead 

Diode 

5kn 

2pF 

3.9kn 

68kn 

IOkn 

TRI 

Fig. 4. An alternative input circuit for use with 
transistor tuner units. The 5kS2 potentiometer may 

also be the diode load 

T2 

Lug 

=Battery 
tery 

positive 

before soldering. The iron should have reached 
its proper temperature before attempting soldering, 
and it should be removed as soon as the joint is 
made. 

Transistor wires must not touch each other, or 
other parts. Sleeving can be placed on leads, if 
necessary. Fig. 2 shows connections for Mullard 
and Newmarket transistors. lit, and TR2 are 
supported by their wires. 

TR3 and TR4 are fitted in clips bolted to the heat 
sink plates. This is best done by arranging the 
transistors in the clips, with collector, base and 
emitter wires passing through the appropriate 
holes, and then soldering the leads after the sinks 
and clips are finally secured. Leads should not be 
under tension, or bent near the transistor body. 

Various alternative transistors can be used with 
success, but in some cases resistor values have to 
be changed to suit. The most important point is 
generally the ratio between the values supplying 
the base (such as R5 and R6 for TR2, or R8 and R9 
for TR4 and TR5). 

With an 0071 or equivalent for TRI, R2 and 
VRI may be 47k1 and 5k52 respectively, as shown 
in Fig. 1. For fixed values (volume control in tuner) 
R2 may be 68 k1 with 10k52 between points X and 
Y. A good quality transistor is necessary in the 
TRI position, as noise will be amplified by following 
stages. Many surplus transistors work well with 
these values, though with some it may be preferable 
to reduce R2 to 56k52 or 47kO (when 10k52 is used 
instead of VR1) to obtain a collector current of 
about 1mA. 

TR2 is an OC81D or equivalent, driving two 
OC81s or equivalents in the TR3 and TR4 positions. 
In these circumstances, and with a 9 volt battery, 
up to 500mW may be obtained without heat sinks. 
The relative values of R8 and R9 are important. 
R8 should be 4.7k52 5 %, and R9 8211 5 %. With the 
transistors in clips as described, a somewhat higher 
output may be obtained. For a 1W output, recom- 
mended values are: R5 47k52, R6 12k52, R7 68053, 
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R8 2.2kû 5%, R9 3952 5%, and R11 3.352. 
If OC72s are to hand, they may be used for TR3 

and TR4, with an 0071 driver (TR2). Resistor 
values for transistors other than those mentioned 
will be found in published circuits and the maker's 
data. For many purposes an output of 250mW or 
so, into a high efficiency speaker of reasonable size, 
will be adequate. 

Inputs 
Referring to Figs. 1 and 3, it will be seen that 

various input connecting points are provided. The 
unit can be wired up as shown, or the input circuit 
may be connected to suit the purpose in view. 

Points X and Y allow an external volume control 
to be located near the turntable or elsewhere. In 
all cases screened wire is required for input connec- 
tions, the outer braiding forming the "earth" or 
positive line conductor. With the volume control 
near the turntable, it is convenient to solder R1 
directly to the control itself, as a junction point 
for the pick-up leads. If not, R1 may be located 
as in Fig. 2. The input impedance is about 470kû, 
and can be reduced to about 250k2 by changing 
R1 accordingly. Sensitivity is sufficient for the 
usual crystal pick-up, at about 300mV. 

The amplifier must not be switched on with VRI 
disconnected, unless a fixed resistor is wired to 
points X and Y. Fig. 4 shows input connections for 
use with the usual transistor superhet or t.r.f. 
tuner incorporating a diode detector. 

The low impedance sensitivity is around 5mV 
or better, and is easily adequate for excellent 
volume from a transistor timer. 

Current Drain 
Current drain depends on actual transistors and 

resistor values, especially R8 and R9. With no 
signal, or with low volume, a meter in one battery 
lead should show about 8mA to 12mA or so. As 
volume is increased, current peaks will rise to some 
20mA to 25mA with good volume, and approximately 
34mA to 40mA or more with considerable volume. 

If the same battery is used to power the turntable 
unit, the meter should be included in one battery 
lead to the amplifier only, or it will indicate both 
motor and amplifier current. 

Negative Feedback 
If an alternative transformer is used instead of 

T1, and oscillation arises, the amplifier should be 
switched off at once, and the secondary leads of 
T1 reversed, or C6 and R10 transferred to the collector 
of TR3. 

The feedback circuit is frequency sensitive, and 
is generally satisfactory. An alternative, giving 
increased feedback at lower frequencies, consists 
of removing C4 and C6, and of changing R10 from 
220k2 to 560kû, it being wired from TR4 collector 
to TR2 base. An 0.25µF capacitor and 120û 
resistor are then wired in series, and connected 
across the primary of T2 to suppress high frequencies. 
The amplifier may also be operated without feed- 
back, whereupon it gives slightly increased gain. 

Printed circuit-compare with Fig. 3 opposite 

Components List 
See text for alternative transistors and resistor 

values 
Resistors 
(All fixed resistors 10% 4W unless otherwise stated) 

R1 470kû 
R2 47kû 
R3 4.7kû 
R4 1kû 
R5 33kû 
R6 10kû 
R7 1kû 
R8 4.7kû 5% 

82û 5% 
220kû 
4.7û 
68Oû 
5kû volume control, log track, with switch 

S1 (see text) 

R9 
R10 
R11 
R12 
VR1 

Capacitors 
Cl 100µF 6V wkg. 
C2 30µF 6V wkg. 
C3 100µF 12V wkg. 
C4 560pF 
C5 100µF 6V wkg. 
C6 60pF 
C7 100µF 12V wkg. 

Transistors 
TRl 0071 or NKT252 
TR2 OC81D or NKT252 
TR3, TR4 matched pair 0081 or NKT251 

Switch 
S1 s.p.s.t. ganged with VR1 (see text) 

Miscellaneous 
4 -transistor amplifier circuit board (Osmor) 
Ti Driver transformer type QXD1 (Osmor) 
T2 Non -miniature output transformer QXO2 

(Osmor) 
Two heat sinks approximately 1-1 x 3in with clips 

(Osmor) 
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IN LAST MONTH'S CONTRIBUTION TO 

this series the author described 
an expanded scale voltmeter 

which was capable of monitoring 
mains voltage, and of thereby giving 
warning of excessive voltage drops 
due to power cuts and similar cir- 
cumstances. The voltmeter circuit 
employed a zener diode to provide a 
reference voltage, and a milliam- 
meter and series resistor to measure 
the potential difference between this 
voltage and a fraction of the a.c. 
mains voltage after full -wave recti- 
fication. With correct component 
values, the circuit was then capable 
of indicating a small range of volt- 
ages over the entire scale of the 
meter. Thus, an input voltage of 210 
could cause zero deflection of the 
meter, whilst 250 volts could result 
in full-scale deflection. By presenting 
mains voltages in this manner, small 
variations become much more evi- 
dent to the observer than occurs with 
a conventional linear instrument, 
and the entire scale of the meter is 
devoted to the range of voltages 
which are of importance. 

After this article had been written 
and despatched, the writer considered 
further, and more complex, applica- 
tions for expanded scale voltmeters. 
A typical instance might, for instance, 
occur when it is required that a piece 
of equipment be provided with a 
supply voltage which should lie 
within certain limits. Alternatively, 
it may be necessary to ensure that 
the output voltage of an item of 

520 

The circuits presented in this series have been 

designed by G. A. French, specially for the enthusiast 

who needs only the circuit and essential data 

No. 160 An Expanded Scale Voltmeter with 
Compressed Centre Section 

equipment does not go either above 
or below a certain range. In both 
these cases all that needs to be shown 
by a monitoring meter is the amount 
by which the voltage passes outside 
the specified limits. For the meter 
to offer maximum information, the 
space taken up on its scale by the 
"safe" range of voltages should be a 
negligible proportion of the whole. 

To take an example, let us assume 
that a device is designed to offer an 
output voltage which lies between, 
say, 90 and 110 volts. If a fault con- 
dition arises, it is possible for the 
output to fall below the 90 volt 
figure to 70 volts, or to rise above 
the 110 volt figure to 130 volts. How 
can this particular information be 
most satisfactorily displayed by a 
monitoring meter? In the writer's 
view, the best method would consist 

Fig. 1. A typical example of an 
expanded meter scale with a 

compressed central section 

of having very nearly one-half of the 
meter scale calibrated from 70 to 90 
volts, a negligibly small proportion 
of the scale calibrated from 90 to 
110 volts, and the remaining .part of 
the scale calibrated from 110 to 130 
volts. The resulting meter scale 
would look like that shown in Fig. 1 

and, as may be seen, this offers 
maximum information with respect 
to the voltages which exist under 
fault conditions. 

Not only does the meter scale of 
Fig. 1 have an expanded scale, but 
it also has a compressed section at 
the centre as well. The writer investi- 
gated the possibilities of producing 
meter readings of this type, and he 
found that these could be obtained 
very easily by simply taking advan- 
tage of an attribute of the zener 
diode which is usually ignored. In 
order to present a practicable circuit 
for publication, tests were then car- 
ried out with a prototype which was 
capable of monitoring mains voltages. 

The Basic Principle 
The basic manner in which a zener 

diode may be employed to provide 
an expanded meter scale with a com- 
pressed central section is illustrated 
by the circuit of Fig. 2. In this 
diagram a zener diode is connected 
in series with a centre -zero milliam- 
meter and a resistor, the latter two 
components constituting a voltmeter. 
Also provided is a fixed reference 
voltage, which could be given by a 
neon tube or similar device. The 
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voltage to be monitored is applied 
to terminals ° A and B with the 
polarity indicated. 

When the reverse voltage across a 
zener diode exceeds a certain figure 
the diode passes a reverse, or zener, 
current. This effect is analogous to 
reverse voltage breakdown with a 
normal semiconductor diode. The 
zener diode is, however, especially 
designed to pass a continuous zener 
current, and it offers the advantage 
that the reverse voltage which 
appears across it remains substanti- 
ally constant for all zener currents 
within its safe operating ränge. In 
consequence, the zener diode can be 
employed as a voltage stabiliser or 
as a voltage reference device. Apart 
from this property, the zener diode 
is just the same as any other semi- 
conductor diode. If a forward volt- 
age (i.e. in the conducting direction) 
is applied to it, forward current 
flows. Advantage is taken of this 
fact in Fig. 2. 

Let us assume that the positive 
potential at terminal A of Fig. 2 is 
higher than that offered by the refer- 
ence voltage. Conventional current 
(from positive to negative) then flows 
from terminal A to the positive ter- 
minal of the reference voltage. This 
current is in the forward direction 
for the zener diode which, acting in 
the same way as any other semi- 
conductor diode, then conducts. 
Under this condition the zener diode 
can be considered as presenting what 
is very nearly a short-circuit, where- 
upon the meter gives an indication 
of the voltage difference existing 
between the voltage applied to ter- 
minals A and B, and the reference 
voltage. 

Since terminal A is more positive 
than the positive terminal of the 
reference voltage, the needle of the 
centre -zero meter is deflected to the 
right. 

If we next decrease the voltage 
applied to terminals A and B we 
are, at the same time, decreasing the 
voltage difference between terminal 
A and the positive terminal of the 
reference voltage, whereupon the 
meter deflection decreases also. This 
process continues until the voltage 
at terminals A and B becomes equal 
to the reference voltage. Under this 
condition the meter needle remains 
at the centre of its scale, to indicate 
zero, and the zener diode ceases to 
pass current. If we continue to de- 
crease the voltage at terminals A 
and B the meter will still indicate 
zero, because the zener diode is now 
biased in the reverse direction and 
it passes no current. 

If the voltage across terminals A 
and B is decreased still further, the 
voltage difference between terminal 
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Fig. 2. A zener diode meter circuit which provides both an expanded scale 
and a compressed central section 

A and the positive terminal of the 
reference voltage eventually becomes 
equal to the zener voltage for the 
diode. The diode now commences 
to pass zener current. In this case, 
however, conventional current flows 
from the positive terminal of the 
reference voltage to terminal A, 
passing through the zener diode in 
the reverse direction. The meter 
will now give an indication which is 
proportional to the potential differ- 
ence between the voltages, minus the 
zener voltage which is dropped across 
the diode. Since this current flows 
in the opposite direction to that 
which flowed previously, the needle 
is deflected to the left. The meter 
needle will suffer increased deflection 
to the left as the voltage across ter- 
minals A and B decreases further. 

As may be seen, we now have the 
necessary conditions for a meter to 
offer an expanded scale with a 
compressed central section. The ex- 
panded scale results from the use of 
a reference voltage, whilst the com- 
pressed centre is the result of employ- 
ing a zener diode and a centre -zero 
meter. When the difference between 
the voltage to be monitored and the 
reference voltage lies between zero 
and zener voltage, the needle stays 
in the central position. We have, 
therefore, a circuit which is capable 
of producing a meter scale similar to 
that shown in Fig. 1. 

R 
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50NFT 
350 
W.V. 

Practical Considerations 
The actual meter calibration ob- 

tained with the circuit of Fig. 2 
depends upon the sensitivity of the 
meter, the value of the series resistor 
and the zener voltage of the diode. 
If the set-up is to be used to monitor 
direct voltages, these components 
can be chosen accordingly. It may 
also be necessary to step down the 
voltage to be monitored by means of 
a fixed potentiometer in order to 
bring the compressed central section 
of the meter scale within the limita- 
tions offered by a practical zener 
diode. The experimenter who under- 
stands the principle of operation of 
the circuit of Fig. 2 will be quite 
capable of working out the required 
external circuitry needed under such 
conditions. 

To carry out a practical check on 
the zener diode circuit, the writer 
made up the prototype shown in 
Fig. 3. The function of this proto- 
type was to monitor a.c. mains volt- 
ages above and below an arbitrary 
central range. In Fig. 3 the a.c. , 

mains voltage is applied to the rec- 
tifier circuit given by Di, the limiter 
resistor R1, and reservoir capacitor 
C1, whereupon a rectified voltage 
proportional to the mains voltage 
appears across Cl. A reference 
voltage is provided by the VR105/30 
regulator tube, this stabilising at 
approximately 105 volts. A fraction 

Coloured dot 

Centre -zero 

D2 
0-1mA 

VR 105/30 

D2-Zener diode 

R5 

IOkn 
2W 

5kn 
W.W. 

R4 
18kn 
3W 

C2 

8pF 
200 
WV 

Fig. 3. Employing the basic circuit of Fig. 2 to monitor a.c. mains voltages 
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Fig. 4. The results given by the circuit of Fig. 3 when an OAZ212 is used, 
and R3 has a value of 6.8k12 

of the rectified voltage appears at 
the junction of R4 and R5 and is 
applied to a series combination of a 
resistor (R3), a meter and a zener 
diode in the same manner as occurred 
at terminal A in Fig. 2. In the 
prototype, the variable resistor, R6, 
was set up so that, at an a.c. voltage 
approximately midway between 210 
and 250, the voltage at the junction 
of R4 and R5 was equal to the 
reference voltage appearing across 
the VR105/30.* 

The voltage appearing at the 
junction of R4 and R5 is proportional 
to the a.c. mains voltage. Since the 
VR105/30 stabilises at about 105 
volts, the voltage at the junction of 

R4 and R5 is approximately 
235 of 

the applied a.c. voltage. The curves 
given in Figs. 4, 5 and 6 were taken 
against mains voltages, and the cor- 
responding direct voltages at the 
junction of R4 and R5 will be 

approximately 230 (nearly k) of the 

a.c. voltages indicated. 
The first curve taken is shown in 

Fig. 4. An OAZ212, which has a 
zener voltage of 9.1 +15% at lmA, 
was employed in the D2 position, 
and R3 was given a value of 6.8k0. 
As is shown by the curve, the com- 
pressed central section appeared be- 
tween 233 and 218 volts. The differ- 
ence between the onset of forward 
and zener current is, therefore, 15 

volts. Scaling down by a factor of 
(to obtain the corresponding 

voltages at the junction of R4 and 
R5) this corresponds to some 7.5 
volts, which is what would be 
expected from an OAZ212. 

It was next decided to increase the 

*As the curves of Figs. 4, 5 and 6 show, 
the actual a.c. voltage was about 233 volts. 
However, the purpose of the experiment was 
to prove the results which could be given by 
the zener diode circuit of Fig. 2, and it was 
only necessary to have an arbitrary setting 
in R6 to achieve this end. 

sensitivity of voltage indication, and 
to narrow the compressed central 
section of the meter scale. Accord- 
ingly, R3 was reduced to 3.9kû and 
an OAZ210 (6.2 +15 % zener volts 
at 1mA) fitted in the D2 position. 
This resulted in the curve shown in 
Fig. 5. The compressed section now 
appears between 234 and 224 volts, 
the difference between these voltages 
scaling down to some 5 volts, as 
would be expected from an OAZ210. 
The a.c. voltages corresponding to 
+ImA and -1mA now become 253 
and 198 respectively, instead of 256 
and 191, as in Fig. 4. 

To obtain a further increase in 
sensitivity, R3 was next reduced to 
2.2k0, giving the curve shown in 
Fig. 6. In this curve the central 
compressed section is approximately 
the same as for Fig. 5, and the a.c. 
voltages corresponding to + 1mA 
and -1mA become 248 and 203 
respectively. 

The practical result indicated by 
the curve of Fig. 6 is that the left- 
hand half of the meter scale indicates 
a.c. voltages from 203 to 224, whilst 

260 R3=39kn 

D2 =OAZ 210 

24 
Mains 

23 
Voltage 

2 

2 

190 

98V 

234V 

224V 

the right-hand half indicates a.c. 
voltages from 223 to 248. Both 224 
and 233 volts appear at the same 
point at the centre of the scale, this 
representing the compressed section 
of the range. 

It will be noted that, in Figs. 4, 5 

and 6, the parts of the curves which 
correspond to forward current and 
zener current are shown as being 
linear, with a small amount of curva- 
ture near the zero current section 
only. So far as could be judged, 
within experimental error, this high 
degree of linearity was achieved with 
the prototype circuit, although the 
published forward and zener charac- 
teristics for the zener diodes em- 
ployed would lead one to expect 
more pronounced curvature, parti- 
cularly near the zero current points. 
Between the points at which forward 
current and zener current commence, 
the curve is quite definitely a straight 
vertical line, since the meter simply 
indicates zero over the corresponding 
range of voltages! 

The zener current sections of the 
curves have a greater slope than the 
forward current sections. This is 
doubtless due to the fact that zener 
slope resistance is greater than for- 
ward slope resistance. 
Practical Points 

The circuit of Fig. 3 represents 
one application of the principle illus- 
trated by Fig. 2, and it can be 
employed in practice to monitor 
mains voltages above and below any 
arbitrary preferred range. This being 
so, there are several points which 
need to be discussed. 

The reference tube employed for 
the circuit need not necessarily be a 
VR105/30, and any other voltage 
regulator having a maximum current 
of the order of 30mA could be em- 
ployed in its place. A running cur- 
rent of some 10 to 20mA would be 

Zener 

current 

Forward 

current 253V 

-10 -08 -06 -04 -0.2 0 402 +04+Oó+08 +10 

Meter reading(mA) 

Fig. 5. The compressed section is narrowed with an OAZ210, and sensitivity 
is increased by reducing R3 to 3.9kû 
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adequate. The potentiometer offered 
by R4, R5 and R6 should draw some 
10mA or so, and should offer a 
voltage to R3 which is equal to the 
reference voltage when the a.c. 
voltage is at the uppermost end of 
the range to be compressed. It is 
helpful to insert a pre-set potentio- 
meter in the R6 position for final 
setting up. 

The width of the compressed 
range depends upon the characteris- 
tics of the zener diode chosen for the 
D2 position. Sensitivity is con- 
trolled by the value of R3. 

If the zener diode is reversed the 
circuit will still function. However, 
the potential at the junction of R4 
and R5 should then be equal to the 
reference voltage when the a.c. 
voltage is at the lower end of the 
range to be compressed instead of 
at the higher end. 

The circuit of Fig. 3 employs a 
reservoir capacitor, whereas it is 
normal in measuring instruments to 
use full -wave rectifying circuits with- 
out a reservoir component. How- 
ever, the zener diode cannot function 
correctly in the presence of the heavy 
ripple following an unsmoothed full - 
wave rectifier, and some form of 
smoothing is essential. If the circuit 
of Fig. 3 is adopted, accuracy should 
be maintained quite well with time 
if the reservoir capacitor has a value 
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Fig. 6. Sensitivity is further increased by employing a 2.2kS2 resistor 
the R3 position 

considerably higher than that needed 
to cause the peak voltage to appear 
after the rectifier. There is, then, a 
reserve in hand before loss of reser- 
voir capacitance causes the device to 
read low. The time constant of CI 
and the associated components of 
Fig. 3 is of the order of 0.5 seconds, 
which seems to be reasonable in this 
respect. 

Capacitor C2 was included to 
ensure that the voltage applied to 
the zener diode circuit was well 
smoothed. It is possible that the 
circuit would function as well, or 

in 

nearly as well, without C2, but this 
point was not checked in practice. 

Two switches are employed, one 
controlling the a c mains input and 
the other the zener diode and meter 
circuit. It is pjeferable to switch S2 
on after St, and to switch S2 off 
before S1. This prevents charging and 
discharging currents from the elec- 
trolytic capacitors passing through 
the meter. Whilst these currents are 
not excessively high they may cause 
the meter needle to travel beyond 
full-scale deflection for short periods 
of time. 

Fault Finding 
in Home Constructed Equipment 
JOHN D. BENSON 

Our contributor, who is a professional radio and television engineer of many years' standing, 
recounts a case -history which will be of interest both to the beginner and the advanced constructor 

IIRACTED BY THE APPARENT SIMPLICITY OF 
constructing a stereo amplifier using printed 
circuits, a friend, whose only qualification 

for tackling the job was a limited amount of experi- 
ence with soldering, purchased a complete kit of 
parts for building the unit, complete with power 
pack and control panel. 

The building instructions were religiously followed 
and eventually "the moment of truth" arrived, 
when the completed amplifier was to be tested. 
The results were chaotic, and the writer was hastily 
called in to sort out the troubles. 

First Checks 
First reactions were to check the control panel 

connections and circuitry, and several errors 
were found which could have accounted for the 
behaviour of the amplifier. These were corrected 
and a text was run. Results were poor with the 
output at "mouse -power" --certainly not up to 
the 10 watts as advertised! The output was also 
marred by a background of continuous crackling. 
It was now obvious that the fault lay in the printed 
circuit panels. Voltage tests proved anode, screen - 
grid and cathode voltages to be correct, and 
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eliminated the possibility of incorrect values of 
components in these circuits, a very common fault 
in amateur -built equipment. 

A simple shock test applied to the grid circuits 
showed a lack of sensitivity, so it was decided to 
switch off and check them. Ohmmeter tests to the 
chassis line with these circuits gave readings which 
varied in value from almost zero to a few hundred 
ohms! It was no wonder there was no amplification. 
Colour coding on components indicated correct 
values, so it was decided to examine the soldered 
joints on the reverse side of the circuit board, 
paying particular attention to the grid pin con- 
nections. In the case where an almost -zero reading 
had been obtained, the cause was self-evident- 
a small spike of solder had extended to an adjacent 
earth point. The other grid connections where 
low readings were obtained showed no apparent 
faults to the naked eye, but examination with a 
jeweller's eye -piece revealed that the spaces between 
the grid connections and adjacent cathode pins 
or earthing points were filled by minute specks of 
solder. Further examination of the remaining 
soldering points showed a number of "dry" joints. 
These were due to neglecting to clean the component 
connecting wires before soldering. The writer 
has often found that these wires become covered 
with a hard oxide when in storage and failure to 
remove this before use invariably results in a dry 
joint. As flux -cored solder had been used through- 
out, the faulty joints had been effectively covered 
up. In the case of the grid short-circuits the answer 
was not so easily arrived at. Diplomatic questioning 
revealed that the soldering iron which had been 
used was heated on a gas ring, with the result that 
the bit was too hot. When applied to the joint 
the flux in the solder "exploded" and sprayed out 
tiny particles of molten solder, which then embedded 
themselves in the surface of the circuit board and 
became hidden from the eye by a layer of molten 
flux. It required a considerable amount of patience 
and a stout darning needle to remove them, after 
which the board was re -varnished.* 

* Joints on printed circuit boards should always, of course, be 
made with a reliable electric iron.-EDrroa. 

Checking with the ohmmeter showed that the 
correct values were now obtained. With valves 
reinserted, and control -panel, player, power unit 
and speakers connected, the power was switched 
on. All was well as regards volume, etc., but 
there was still a nasty crackle in the background, 
which varied as the units were moved. 

Screened Lead 
The screened lead between units was at once 

suspected, experience having taught the writer 
that braiding, when soldered, can be a real source 
of trouble. Careful examination traced the offending 
joint, and the cause was, once again, an over -heated 
soldering iron. This had ruptured the conductor 
insulation, allowing the solder to penetrate. Once 
more all units were again connected and the favourite 
record put on. Joy of joys! This time, melodic 
strains came forth, pure and clear of crackling. 
Clear, that is to say, until the writer's friend walked 
across the room to tell his wife the good news. 
With each step there came the familiar crackle! 

Yet again, screened leads and connecting wires 
were checked over and tested for mechanical 
defects or poor joints, but without success. The 
printed circuit boards were then subjected to 
shock tests (i.e. tapping with a screwdriver handle) 
and the right hand channel amplifier was found 
to be the culprit. By lightly tapping the individual 
components on the panel, the offending item was 
found to be a tubular coupling capacitor. The 
reason why this otherwise reliable component 
had developed trouble was because the connecting 
wires had been bent too sharply near the body 
to accommodate them in the appropriate holes 
in the panel. Replacement of the injured capacitor 
restored the output to its specified high quality. 

Summing Up 
In summing up, then, we may learn that when 

soldering it is important to use an iron heated to 
the correct temperature; to clean all component 
wires before soldering, thus eliminating much of 
the risks of "dry" joints; and not to make sharp 
bends in component wires near the body of the 
component, as this is liable to fracture the internal 
connection. 

LOSSES Of MAIL 
......................................... 

Unfortunately, one of our regular advertisers, Henry's Radio Ltd., of 303 Edgware Road, London, W.2, have recently suffered regular losses of their mail, and they have asked us to insert the following announcement. "We have received a large number of queries and complaints from readers and customers concerning the non- delivery of goods ordered by post from ourselves between 10th November and 31st December last. As soon as we discovered this regular loss of mail we contacted the Post Office Special Investigation Department, who have since discovered and dealt with the cause of the losses. The Post Office advised us that customers who have sent postal orders, etc., or letters to 303 Edgware Road, should claim for same and re -order as necessary. The Post Office have apologised for the inconvenience caused to us (Henry's Radio Ltd.) also to the general public. We at Henry's would also send our regrets to all those concerned during this unfortunate episode and would emphasise that the fault was in no way our own." 
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NEWS AND COMMENT . . 

Instant Electronic Newspaper 
At the end of last year we were 

pleased to receive our usual "Christ- 
mas Card" from the famous editor 
of the American Radio -Electronics 
magazine, Mr. Hugo Gernsback. 

The "card" takes the form of a 
small 32 page booklet giving Mr. 
Gemsback's 1964 forecast of scientific 
facts of the future. This form of 
greeting has been distributed for 
the past 30 years and always makes 
interesting reading for those interest- 
ed in radio. 

The main feature this time was the 
forecast of Instant Electronic News- 
papers. The method of producing 
such newspapers being called 
RAFAR (Radio Automated Fac- 
simile And Reproduction). Type 
would be set up by compositors, as 
now, photographed and put on 
film or special paper for facsimile 
radio transmission. The complete 
newspaper would then be transmitted 
by its own radio -facsimile station. 
At the reader's end his "rafar" 
transistorised receiver will be switch- 
ed on continuously. Attached to 
the receiver will be an optical 
projector. The radio signals are 
translated on to a facsimile -set 
recorder on a special paper roll 
giving "pages" of about one-third 
the usual size. 

When the owner of the receiver 
comes down for breakfast, by press- 
ing a few buttons, he sees correctly 
enlarged and projected by a lens - 
reflecting system, Page 1 of his 
favourite newspaper. 

The Radio Constructor pages even 
now are committed to film and, 
as the Managing Editor is a pioneer 
of amateur radio teleprinting in 
this country, is it too fanciful to 
imagine some copies of The Radio 
Constructor being produced in this 
fashion in a few years time? 

Letters to Advertisers 
When reading advertisements con- 

taining imaginary conversations ex- 
tolling the virtues of various products, 
one often feels that here is a conversa- 
tion which could never have taken 
place because of the unreal phrase- 
ology used. 

Sometimes the same feeling 
occurs when reading letters in 
advertisements, which do not pur- 
port to be imaginary, and it is 

easy to visualise someone think- 
ing up glowing tributes from A.C. 
of Brighton or D.G. of Leeds, 
etc., etc., although never from 
"Disgusted" of Tunbridge Wells. 
However we can vouch for the 
authenticity of the letters quoted 
in this issue by Radionics Ltd., 
concerning their Slimline receiver, 
and by ourselves in the advertisement 
for our latest publication Under- 
standing Television. 

Voice -controlled switch 
A voice -controlled switch which 

can stop any electrical device on 
spoken command has been developed 
in the United States and is expected 
to find wide use as an emergency 
shut-off for industrial machines. 

The switch is plugged into an 
ordinary electrical outlet and any 
apparatus for which voice -control 
is desired is then plugged into the 
switch. To halt the machine's 
operation, one need only call 
"Stop, stop!" or "Off, off!" and 
the switch will turn off the electricity. 

It is able to "hear" and respond 
to these commands even when 
background noise, such as in a 
machine shop, is louder than the 
spoken command ! The switch is 
inside a flat aluminium box about 
9in long and 6iin wide. It is 
equipped with a microphone which 
picks up the commands. 

The switch was developed by the 
Voice Systems Corporation of Camp- 
bell, California. The same firm also 
developed a voice -responsive machine 
with a vocabulary of the numerals 
zero through nine, plus six other 
commands. That machine, popularly 
known as "the shoebox" because 
of its size, was demonstrated at 
the Seattle World's Fair in 1962. 
There, the machine was attached 
to an adding machine which totalled 
numerals spoken into the micro- 
phone. 

Other possible uses for more 
advanced models could be operation 
of cash registers by a grocery cashier 
who calls out the prices while his 
hands are free to check and pack 
the merchandise. 

The switch and "shoebox" operate 
by means of "property filters" 
which screen the microphonè's input 
and activate other components when 
a sound is "recognised". 

On "Sound" 
Some of our readers may not be 

aware that every fortnight on Net- 
work 3 there is a programme called 
"Sound", a magazine for radio and 
recording enthusiasts. 

Talks by leading personalities in 
the radio, tape recording and hi-fi 
fields are given and discussions held 
on matters of interest to the amateur. 
It is of interest that one of the team 
advising on these broadcasts is F. C. 
Judd, author of our Data Book 
Radio Control for Models and con- 
tributor to these pages from time to 
time. 

The programmes are usually broad- 
cast on Sunday afternoons at 2.30 
p.m., details, of course, being given 
in The Radio Times. 

On Sunday 2nd February a repeat 
was given of the programme first 
broadcast in December, which started 
with "The Story of The Radio 
Society of Great Britain" in which 
John Clarricoats, who was general 
secretary for 36 years, and Geoffrey 
Stone, the President, were inter- 
viewed. Many interesting facts were 
given: for example, did you know 
that the call signs of the licensed 
amateurs in the early days before the 
First World War were self -assigned 
and always included the prefix X to 
represent experimental? 

Did you know that the first presi- 
dent of the Society, A. C. Swinton, 
as early as 1908 forecast the use of 
the cathode ray tube for high 
definition TV? 

Two TV Set Families 
We are gradually becoming used 

to the idea of two -car families but, 
Mr. Perring-Thoms, chairman of 
Radio Rentals, has conjectured 
whether, with the advent of BBC 2, 
we may be entering on the era of 
two TV sets for one family. 

It does seem a possibility because 
it must be extremely rare for any 
family not to have the occasional 
argument as to which programme 
shall be watched at a given time. 
We have already found in our ex- 
perience that, in a good reception 
area, it is very useful to have a trans- 
portable TV with indoor aerial so 
that minority programmes may be 
watched in a room away from the 
rest of the family. 
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lmA Indicating Lamp 

for 
Transistor 

Radios 
R. M. MARSTON 

MEMBERS OF THE WRITER'S FAMILY HAVE THE 
unfortunate habit of not always turning 
the transistor radio right off after use, 

but of only turning the volume control to the low 
end of its track. The writer must confess in all 
honesty that he is not immune from the same 
habit himself and, apparently, nor are most of 
his friends. This tends to be rather expensive 
on batteries. After looking at a large and pathetic 
pile of dud cells in the junk box one night-the 
result of only a couple of months of absent-minded- 
ness-the author decided to find a, cure to the 
problem. 

The obvious solution is to fit some sort of warning 
lamp to the set, but this is not without snags. 
The lowest current rating of generally available 
low voltage bulbs seems to be about 40mA, which 
would run down a transistor battery in a few hours. 
Neon indicators will work with only a few micro - 
amps, but need between 100 and 250 volts applied 
before they will strike. Clearly, a certain amount 
of thought had to be given to the problem. 

Transistor Oscillator 
The final solution decided on was to use a trans- 

former -driven low frequency transistor oscillator, 
with a step-up secondary winding giving an output 
of about 120 volts and up to 50i.r.A, which could 
then be used to feed a neon indicator. The circuit 
is strapped across the radio supply lines via a 
decoupling circuit, and draws a total of only one 
or two milliamps from a 9 volt battery. The circuit 
is shown in the accompanying diagram. 

A Red Spot transistor was used in the test circuit, 
but almost any other low frequency transistor with 
an adequate voltage rating could be employed. 
The transformer was specially wound. 

With reference to the diagram, the circuit is 
connected to the receiver supply lines, R1, CI, 
forming a decoupling network to prevent feedback 
to the radio a.f. stages. Resistors R2, R3, and R4 
provide the stabilising and biasing networks. 

On the transformer, winding B is the collector 
winding, A is the feedback or base winding, and 
C is the step-up output voltage winding which 
feeds the neon indicator and its limiting resistor, 
R5. The capacitor C2 is connected across the 
collector winding and determines the operating 
frequency of the circuit. The latter is not in any 
way critical, but should be kept reasonably low 
so as not to cause radiated interference in the set. 

None of the component values used are critical, 
and may in some cases be varied by as much as a 
few hundred per cent without adversely affecting 
performance. The values shown are given purely 
as a rough guide. 

The Transformer 
The transformer was wound on a 0.7in stack 

of "E" and "I" transformer stampings of about 
2 x 1.5in, and with a tongue width of 0.4in, these 
being taken from a burnt -out transformer in the 
junk box. The base winding (A) was put on first 

To receiver 
supply lines 

and is made up of 30 turns of 38 s.w.g. enamelled 
copper wire. This is followed by 250 turns of the 
same wire, for winding B. Finally, the output 
winding (C) is laid on, being 5,000 turns of 42 
s.w.g. enamelled copper wire. This final winding 
is a bit tedious to put on by hand, and great care 
should be taken when winding it, as the wire is 
rather fragile. A breakage half way through the 
job can be, to put it mildly, a little annoying. Once 
again, the actual dimensions of the core, the number 
of turns and the gauge of wirè used are in no 
way critical, and the figures given here are only 
to be taken as a rough guide. The only figures 
of any real importance are the ratios between the 
collector, base and output windings. If the reader 
so desires, there is no reason why he should not 
miniaturise the transformer as long as he bears 
these ratios in mind. 

Finally, the neon indicator (an ordinary Radio - 
spares component in the writer's case) may be 
screened with a small piece of sheet tin, wired 
to the positive supply line, to eliminate any radiated 
interference that otherwise might be caused. 
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This month Smithy the Serviceman, aided as always by his able assistant Dick, sorts out the 
tale of woe which results from Dick's attempts at servicing in the home 

PEOPLP 

E," REMARKED DICK SADLY, 
"can be very demanding." 

Smithy sipped his tea and 
nodded gravely. 

"Especially," continued Dick, 
"when they are relatives." 

Thoughtfully, Smithy put his 
lunch-time cup of tea on the bench 
and turned round to look at his 
assistant. 

"You have," he observed, "made 
a very profound statement. So far 
as my own relatives are concerned, 
it has always been a source of 
complete mystery to me that people 
outside the family regard them as 
just ordinary people." 

"I didn't know," remarked Dick 
innocently, "that you even had any 
family." 

"Of course I have," snorted the 
Serviceman indignantly. "It's just 
I keep quiet about them, that's all." 

Recommendations 
"My trouble," continued Dick 

morosely, the sudden vision of a 
vast hidden army of Smithy's 
kinsmen fading beneath the magni- 
tude of his own afflictions, "is aunts." 

"Ah yes," said Smithy sym- 
pathetically. "I must agree that 
you have more than your fair share 
there." 

"Most of them are O.K.," admit- 
ted Dick grudgingly. "The main 
snag at the time being is my Aunt 
Evalina." 

"What's she been up to?" 
"Two years ago," said Dick 

aggrievedly, "and I want you to note 
the fact that it was two years ago, 
she asked me what make of TV I 
recommended." 

"Don't tell me," chuckled Smithy, 
"that you were actually mug enough 
to recommend a make." 

"As a matter of fact I recommen- 
ded both a make and a model," said 
Dick. "And that is the one she 
bought." 

"You don't need to say any more," 
said Smithy with confidence,"because 
I'll tell you exactly what has hap- 
pened since. The set you recom- 
mended has worked perfectly well 
over the last two years, but it has 
now suddenly packed up. Where- 
upon she expects you to fix it for 
her on the cheap." 

Dick's jaw dropped open. 
"How on earth did you know 

that?" 
"Also," continued Smithy 

assuredly, "she's told you that she 
expects you to do this because she 
wouldn't have bought it in the first 
place if you hadn't recommended 

it!" 
Dick gazed at the Serviceman in 

utter wonder. 
"You must be psychic," he 

gasped eventually. "That's exactly 
what did happen. But how did you 
know?" 

"It's the oldest trick in the book," 
replied Smithy. "Nowadays, when- 
ever anyone asks me what make of 
TV I recommend I always advise 
them to get one on rental!" 

"That," said Dick glumly, "is a 
bit of useful advice I'll remember for 
the future. But it's the present that 
worries me." 

Regretfully, Smithy put aside all 
thoughts of a lunch-time free from 
gossip about servicing. 

"What," he asked resignedly, 
"was wrong with your aunt's set?" 

"Just a little thing," replied 
Dick. "it had weak and distorted 
sound. As a matter of fact, I went 
up to her place last night and got the 
job half finished." 

"Weak and distorted sound 
shouldn't have been too much 
trouble," commented Smithy. 
"Faults like that are our bread-and- 
butter jobs." 

"True enough," agreed Dick, "and 
that was my own reaction when she 
first told me about it. Anyway, I 
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Fig. 1. A typical television sound detector and noise limiter circuit. The 
component values shown are representative of commercial practice 

picked up a spare valve or two, a 
testmeter and a few odds and ends of 
wire and stuff, and went to have a 
look at it. The first thing I did was 
to try the set out and see what form 
the fault actually took. The sound 
was weak and distorted all right." 

"Did you try both channels?" 
"I didn't think of doing that," 

replied Dick. "should I have done?" 
"Trying both channels can be 

helpful occasionally," said Smithy. 
"Especially as it only takes a second 
or so to do before you start probing 
into the works." 

"What could it show up?" 
"Not a great deal," admitted 

Smithy, "but you might be lucky 
enough to obtain a clue if you find 
that distortion is much worse on 
one channel than on the other. 
Disregarding anything as new-fangled 
as Bands IV and V for the moment, 
the signals most people get on 
Bands I and III vary quite a bit in 
strength, the Band I signal usually 
being the stronger. If you're losing 
gain in the sound i.f. amplifier you 
might then find that the weaker 
channel only gives enough audio 
signal after the detector for the 
sound to become audible when the 
volume control is turned fully up. 
Whereupon you may have quite a 
heavy background of hiss and 
field buzz which would otherwise 
be masked." 

"Hiss and field buzz," objected 
Dick, "are not the same as 
distortion." 

"True enough," agreed Smithy. 
"But they sometimes get described 
as such by the customers. I thought 
I'd mention the point, anyway." 

"In my aunt's set," said Dick 
positively, "I was getting real 
distortion. Like you get when you've 
got too much bias on an a.f. output 
valve." 

"Fair enough," commented 
Smithy. "I'll take your word for 
it!" 

Interference Limiter 
"After checking the symptoms," 

continued Dick, "I next got the 
back off the set and had a shufti 
around inside. Everything looked 
O.K. and so I swopped the triode - 
pentode a.f. amplifier and the valve 
containing the noise limiter diode." 

"Very sensible," approved Smithy. 
"Even when it's doubtful that a 
valve is at fault, it's still always 
worthwhile changing it. If you're 
lucky you may then clear the snag 
without having to lug the chassis 
out of the cabinet." 

"It didn't work for me this time," 
said Dick regretfully. "The distor- 
tion was just as bad with the new 
valves. So I had to get the works 
out." 

An expression of anguish spread 
over Dick's face at the memory. 

"Smithy," he said bitterly. "you 
should just see my Aunt Evalina's 
house. There isn't a single table 
with a surface of more than one and 
a half square feet or with legs thicker 
than quarter of an inch. And you 
know what it's like getting some 
chassis out! They've got tough 
knobs and the chassis fits so tightly 
that you have to remove it at just 
the right angle. Whereupon, even 
then, you've still got short little 
bits of flex coupling it to the speaker 

and what -not inside the cabinet. 
This set was one of those; a point 
which I should have thought about, 
incidentally, when I recommended 
it. You can't imagine what it was 
like trying to pull out that chassis 
with the set standing on a ricketty 
little polished table and my aunt 
blowing gaskets all over the place 
whenever she saw any dust inside." 

"Working in peoples' houses," 
said Smithy sympathetically, "does 
tend to be a little difficult." 

"The worst bit," said Dick, "was 
when I was getting the chassis past 
the most ticklish position. It was 
at that precise instant that I trod on 
the cat." 

Dick heaved a doleful sigh at the 
recollection. 

"Were it not," he remarked, "for 
the nerve of iron which I have 
acquired through my normal ser- 
vicing work, that episode would have 
reduced me to a final gibbering 
wreck. As it was, I managed to 
keep a hold on the chassis whilst the 
cat shot off in the direction of the 
coal house with my aunt in hot 
pursuit." 

"Very trying indeed," com- 
miserated the Serviceman. "But it 
could have been worse. At least 
you didn't have a budding Marconi 
of five with his nose one inch from 
the chassis whilst the fond mother 
gazes on. That is murder!" 

Dick looked at the Serviceman with 
a newly awakened interest. 

"Don't tell me," he queried, 
"that you've been through this sort 
of thing as well." 

"Many, many times," replied 
Smithy wearily. "It's one of the 
occupational hazards of being a 
service engineer. However, let's 
get back to that set of your aunt's." 

"Well," said Dick, collecting his 
thoughts. "After I'd got the works 
out I had a short period of blessed 
respite while my aunt ministered to 
the injuries of her poor old pussy. 
And so I checked the series diode 
resistors in the sound interference 
limiter circuit." (Fig. 1.) 

"Very good," approved Smithy. 
"Those are nearly always the most 
likely suspects when you have weak 
and distorted sound. They only 
pass about 50 to 100ir.A or so, yet 
they have a most annoying habit of 
going open -circuit or high in value. 
When they go open -circuit the diode 
tends to act as a peak rectifier, and 
you get very weak and distorted 
sound as a result. Incidentally, I 
hope you understand how the 
circuit works." 

"Of course I do," replied Dick 
indignantly. "You told me about it 
a year or so ago. The sound 
detector is connected up in such a 
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manner that the detected signal is 
negative -going. When you get a 
pulse of interference, the anode of 
the noise limiter diode goes negative. 
The cathode also tends to go negative, 
but it does this much more slowly 
because of the capacitor connecting 
it to chassis. By the time the pulse 
comes to an end the cathode has 
gone only slightly negative, and so 
most of the pulse is lost." 

"That's right," confirmed Smithy. 
"At the same time, the time constant 
of the capacitor and resistor in the 
cathode circuit is sufficiently short 
to enable the cathode to follow 
normal variations in speech and 
music. When the circuit is working 
properly, the diode is held conductive 
all the time by reason of the resistors 
between the h.t. positive line and 
chassis, and so it simply passes the 
audio signal applied to its anode." 

"As you say," commented Dick. 
"Anyway, I checked the two resistors 
and I found that these were both 
O.K. So I carried on to the a.f. 
voltage amplifier triode, whereupon 
I found that it was one of those 
stages that have no grid bias at all. 
Just a 10Mû resistor from the grid 
down to deck." (Fig. 2.) 

Contact Potential 
"There's nothing wrong with 

that," commented Smithy. "Lots 
of voltage amplifiers are employed 
without external bias potentials. 
They're designed to work without 
them." 

I don't trust them," said Dick 
dogmatically. "I don't trust them 
at all. Here was I looking for 
distortion and what did I find? A 
stage which, so far as I can see, 
deliberately introduces distortion!" 

"How do you mean?" 
"It must introduce distortion," 

said Dick heatedly. "Dash it all, 
it's nothing more nor less than a 
leaky -grid detector." 

"You do get some funny ideas at 
times," commented Smithy. "There 
may be no external bias voltage, but 
the valve is still properly biased for 
low-level input signals." 

"I can't see that," expostulated 
Dick. "How can the valve handle 
any input signal if the grid is at the 
same potential as the cathode?" 

"But it isn't," protested Smithy. 
"The grid is negative of the cathode." 

"Hey?" 
"The grid," repeated Smithy firmly, 

"is negative of the cathode. In 
point of fact, it's negative by a 
potential which may be as high as 1 

volt, and which is usually described 
as the `contact potential'. Contact 
potential tends to vary from valve 
to valve, but it can quite frequently 

reach the 1 volt figure I've just 
mentioned." 

"But -where does this contact 
potential come from?" 

"From the processes which go on 
inside the valve," replied Smithy. 
"The complete business is, actually, 
rather complicated, and it isn't 
entirely true to refer to the voltage 
between grid and cathode simply 
as contact potential. Incidentally, 
the definition of contact potential is 
that it is the e.m.f. which is given 
when two dissimilar conductors are 
placed in contact. In a valve, the 
surfaces of the cathode and grid 
will employ dissimilar materials and 
it can be said that they are in 
contact by way of the electron 
stream. There are other factors 
involved, however, and these include 
negative grid currents which flow 
due to ionisation of the traces of 
gas left in the envelope, or negative 
currents which are caused by the 
actual process of electron emission 
through the valve itself. The result 
of all these factors is that, if you 
couple the grid of a valve to its 
cathode via a very high resistance, 
you get a negative potential on the 
grid. This voltage may be a com- 
bination of contact potential and 
the potential dropped across the 
resistor by the negative grid current. 
A circuit in which the grid of an a.f. 
voltage amplifier valve is returned 
to its cathode via a high value 
resistor' is variously referred to as 
employing `contact potential bias', 
'grid leak bias' or 'grid current 
bias'." 

"In other words," said Dick, 
"if you use this type of bias, you 
don't run into positive grid current 
at all." 

"You don't," confirmed Smithy. 
"Provided, that is, that the input 
signal is smaller than the difference 
between the negative potential ap- 
pearing on the grid and the potential 

22 

Volume 

control 
5cOk'- 

at which positive grid current 
starts to flow. If your input signal 
should happen to exceed this level 
you could have the same effect as 
with a leaky -grid detector, whereupon 
the valve will bias itself back a bit. 
But, for low level signals, the valve 
functions just as though it was 
getting its bias from a cathode bias 
resistor." 

"Blimey," said Dick, impressed. 
"That's something I didn't know 
before. Are these negative grid 
currents and things very small?" 

"They're pretty small," said 
Smithy, "although they're still quite 
capable of being measured. When 
the grid is joined to cathode via a 
high value resistor you can some- 
times get a small indication of 
negative voltage on the grid relative 
to cathode by checking with a high 
resistance voltmeter. Incidentally, if 
ever you have an idle quarter of an 
hour to use up, you can often amuse 
yourself by measuring the contact 
potential on a valve which isn't 
connected to anything at all!" 

"That sounds interesting," said 
Dick. "How do you do that?" 

"You start off", said Smithy, "by 
choosing a valve in a piece of equip- 
ment which has a fairly heavy 
cathode. An a.f. output valve is a 
pretty good choice. You next switch 
on the equipment an¢ let it run for 
about five minutes, so that the 
cathode of the valve gets good and 
hot. Then you quickly pull out the 
valve and immediately apply the 
test clips of a high resistance volt- 
meter to the grid and cathode. 
(Fig. 3.) If you're nippy enough 
you'll get readings of the order 
of half a volt or so before the cathode 
cools off." 

"You get these readings," said 
Dick incredulously, "without the 
valve being connected to anything?" 

"That's right," said Smithy cheer- 
fully. "Although it's possible that, 

HT+ 

OOO5jiF To grid of 
output 
pentode 

Fig. 2. The a.f. voltage amplifier stage encountered by Dick 
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High resistance 

voltmeter 

Fig. 3. "Contact potential" readings may be obtained from valves whose 
cathodes are at emitting temperature. The voltmeter is connected as shown 

in the inset circuit 

without an h.t. supply, you're losing 
some of the causes of negative grid 
current. Nevertheless, you will still 
get the voltage reading if you're 
quick enough in connecting up the 
meter before the cathode cools off. 
I've done it with 6V6's and I 
speeded things up by connecting up 
the leads of the meter to the grid 
and cathode tags of a spare octal 
valveholder. By whipping out the 
6V6 and popping it immediately into 
this valveholder I got quite high 
voltage readings. You'll probably 
get readings which last longer if you 
try the experiment with a booster 
diode, or a valve of that nature. In 
this case, the contact potential 
would appear between the anode 
and cathode instead of between the 
grid and cathode." 

"I'm dashed," exclaimed Dick 
"I must have a stab at that one of 
these days." 

"I should," agreed Smithy. "It's 
quite instructive. Anyway, how 
about returning to the saga of your 
Aunt Evalina's TV set?" 

"Oh, yes," said Dick. "I'd for- 
gotten all about that! Well, as I was 
telling you, I'd checked the noise 
limiter resistors, and I then bumped 
into the triode voltage amplifier 
stage with its high resistance grid 
leak. Now that you've explained 
this to me I can understand how it 
functions, but all that I did at that 
time was to regard it with suspicion 
and merely measure the resistance 
between the grid and cathode. This 
came to the 10M S2 marked on the 
resistor, and so I passed on to the 
next stages." 

"Very commendable," approved 
Smithy. "If the resistor had been 
too high in value, the grid operating 
point might have wandered off a 
little, whereupon you could have got 

quite a noticeable bit of distortion. 
And if, due to the resistor itself or 
leakage in the components around 
the grid and cathode pins, there had 
been too low a resistance, you'd have 
had zero grid bias with a similar 
possibility of distortion. Inciden- 
tally, it's rather doubtful if either of 
these snags would cause a very great 
loss in volume. Don't forget that 
your faults were distortion and weak 
sound." 

Coupling Capacitors 
"That's a point," admitted Dick. 

"Anyway, at that moment my aunt 
returned after having carried out 
first aid on the cat." 

"Any damage?" 
"None at all," replied Dick, a note 

of indignation entering his voice. 
"Fortunately, I'd just stepped on the 
tip of his tail. Indeed, so far as I 
could tell, he'd forgotten all about 
it. But old Aunt Evalina was 

From anode 0005NF 
of voltage -8.-' 
amplifier 

covered all over with coal dust and, 
she had that awful thin-lipped look 
which maiden aunts have when they 
intend visiting the solicitor in the 
morning." 

"At any rate, I'm glad to hear the 
cat was O.K." 

"The cat was fine," snorted Dick. 
"He was rubbing himself against my 
trouser legs all the time and purring 
fit to bust. Besides, I like cats. 
We've got a big fat tabby at home 
and I'm very fond of him." 

Smithy frowned as a sudden 
thought struck him. 

"The only cat I can ever remember 
you having," he remarked after a 
moment, "was a scraggy old mog 
who was always out on the tiles." 

"It's the same cat," replied Dick. 
"We had him doctored, and he's 
never looked back since." 

"I see," said Smithy. "Perhaps 
we'd better get back to your set 
again. What was the next thing 
you did?" 

"I checked the anode load of the 
triode a.f. amplifier. And its anode 
voltage. These were both all right, 
and so I proceeded to the pentode 
output section." (Fig. 4.) 

"There couldn't have been much 
to go wrong there," commented 
Smithy. "Did you check the coupling 
capacitor for leakiness?" 

"That was the first thing I did," 
said Dick. "And I used an old 
dodge you showed me ages ago." 

"What's that?" 
"I shorted the grid -leak," replied 

Dick, "and listened for a crackle in 
the speaker. (Fig. 5.) If there's no 
crackle you assume that the potential 
on the grid remains the same whether 
the short-circuit is on or not. With 
the result that there can't be any 
leakiness in the coupling capacitor." 

"That's the idea," said Smithy. 

Speaker 
transformer 

Fig. 4. The a.f. output stage following the voltage amplifier of Fig. 2 
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"You can save quite a lot of time 
with that little dodge." 

"Funnily enough," said Dick 
thoughtfully, "there's a point that's 
just struck me about that short- 
circuiting test. Why didn't I get 
the same negative grid current and 
contact potential effect at the pentode 
grid as occurred at the triode grid?" 

"There are several reasons for 
that," said Smithy. "First of all, 
the pentode grid leak has a much 
lower value than the triode grid leak 
and so any negative grid current 
which flows will cause a much 
lower voltage to appear across it. 
The second reason is that you're 
using an external bias supply which 
makes the grid go negative relative 
to cathode. As the grid goes 
negative, its negative grid current 
decreases. Because of these two 
factors, the effect of negative grid 
current becomes negligible and it 
can, for all practical purposes, be 
ignored." 

"Where does the external bias 
supply come from?" 

"It comes," said Smithy patiently, 
"from the bias resistor in the cathode 
circuit." 

"Oh yes, of course," exclaimed 
Dick. "At any rate, it seems that 
checking for coupling capacitor 
leakage by short-circuiting the grid 
leak doesn't apply if the valve uses 
grid current bias like the triode did." 

"It wouldn't be a good test there," 
agreed Smithy. "Because the short- 
circuit would be bound to cause a 
change in grid voltage." 

"How about measuring the voltage 
between grid and chassis?" asked 
Dick. "If a coupling capacitor were 
leaky the grid should go highly 
positive." 

The istor 

HT+ 

Cot Nng 

capacitor 

Temporary short-circuit 

Fig. 5. A simple test for coupling capacitors in a.f. amplifiers. If short- 

circuiting the following grid leak does not cause a crackle in the speaker, it 
may be assumed that both ends of the leak are at the same potential and 

that the coupling capacitor is not, therefore, leaky. This test cannot be 

applied when grid current bias is employed, as in Fig. 2 

"No it shouldn't," contradicted 
Smithy. "And that's because the 
grid and cathode would act as a 
diode, causing the grid to take up a 
relatively small positive potential 
only. This voltage would, however, 
show up much more obviously if 
you pulled the valve out, but that's 
a course I don't entirely recommend 
in a TV set." 

"Why not?" 
"Because," said Smithy, "the 

heaters in a TV set are connected 
in a series chain, and the triode - 
pentode a.f. valve is often at the 
chassis end of the string. (Fig. 6.) 
If you pull out this valve whilst the 
set is switched on and operating, the 

Mains voltage 

i' Remaining heaters 
tappings 

To HI circuits 

C.R.T. 

Line oscillator 

A.F Triode -pentode 

Tuner unit heaters 

Mains 

[n -ON 

v/ni. 

Fig. 6. An example of a television receiver heater chain, showing the order 

in which the heaters at the chassis end may typically appear 

heaters of all the other valves, 
together with that of the c.r.t., go 
up to full mains potential. There 
is, then, a certain risk of heater - 
cathode breakdown somewhere along 
the line which I would prefer to 
avoid." 

"But," protested Dick, "the same 
thing would happen if the triode - 
pentode heater burnt out ih the 
normal course of events." 

"I couldn't agree more," said 
Smithy. "But I still don't see any 
point in buying trouble. I'm possibly 
being over -fussy in this respect, but 
I prefer to be on the safe side. 
Incidentally, it isn't always generally 
realised how high the insulation 
resistance of a.f. coupling capacitors 
should be if you want to avoid 
trouble. If you have, say, 100 volts 
on the previous anode and a grid 
leak of 500kO, (Fig. 7), a leak of 
50MO in the coupling capacitor 
will cause the following grid to go 
nearly 1 volt positive of chassis." 

Output Transformer 
Smithy paused for a moment. 
"We've digressed a little," he 

remarked. "Anyway it seems that 
you checked almost everything that 
needed checking in the a.f. stages of 
your aunt's set. Pretty well all that 
was left was the output pentode and 
its anode circuit." 

"That's right," agreed Dick. "The 
next thing I did was to measure all 
the voltages around this valve. It 
had a 4700 cathode bias resistor, 
and there was 14 volts dropped 
across it, so that part of the circuit 
seemed O.K." 

"A reasonable assumption," com- 
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HT+ 

Fig. 7. Anode -to -grid a.f. coupling capacitors must have a very high insulation 
resistance. In this example, a 50M12 leak in the coupling capacitor causes 

the following grid to go positive of chassis by nearly 1 volt 

mented Smithy. "What was the 
valve?" 

"A PCL82." 
"Yes, quite reasonable," confirmed 

the Serviceman. "A drop of 14 
volts across 470û corresponds, rough 
check, to about 30mA. Which is 
just what you'd expect for the 

_ cathode current of the pentode 
section of a PCL82." 

"That," said Dick, impressed, 
"was a very quick calculation. I 
always have to go through the R 
equals E over I patter when I work 
out these little Ohm's Law prob- 
lems!" 

"Over the years," replied Smithy, 
"I've evolved a little mental short- 
cut for Ohm's Law problems in 
radio and TV circuits. I always 
start off by saying that 1 volt across 
lkQ corresponds to a current of ImA. 
In the present case we have 14 volts 
across 47052. Now, 14 volts across 
lkû would equal 14mA, but in this 
instance it's across 47052. So, since 
47052 is slightly less than half of 
lid) the current is slightly more 
than doubled. It works out, approxi- 
mately, at about 30mA." 

"Well, I'm dashed," said Dick. 
"I must remember that little dodge 
in the future." 

"I find it helpful myself," com- 
mented Smithy. "Although, of 
course, other people may prefer to 
use different ideas for doing their 
mental arithmetic. Did you check 
anode and screen -grid voltages?" 

"I did," said Dick. "The anode 
voltage was 181 and the screen -grid 
voltage was 183." 

A gleam came into Smithy's eye. 
"That's interesting," he commen- 

ted. "What did you make of those 
voltages?" 

"They seemed O.K. to me," said 
Dick carelessly, "and so I had a 
look at the secondary circuit of the 

transformer. I thought that if 
there was a high resistance joint 
here, this would result in both weak 
sound and distortion." 

"That's possible, I suppose," 
commented Smithy somewhat critic- 
ally. "But I think that it would be a 
doubtful possibility in practice." 

"I looked for it, anyway," said 
Dick. "There were no cold joints, 
but I did find a wire hanging off one 
of the voice coil tags on the speaker. 
It took me ages to find out where it 
was supposed to connect to." 

"I would guess that it should have 
connected to the metal frame of the 
speaker." 

"As a matter of fact," said Dick, 
a touch of annoyance in his voice, 
"that's exactly where it should have 
connected. After a long search I 
found a solder tag under one of the 
speaker mounting nuts. The wire 
had broken away from that." 

"Did you solder it back on again ?" 
"I did," said Dick aggrievedly. 

"And it didn't make a blind bit of 
difference! Tell me, Smithy, why do 
manufacturers waste time by fitting 
gash bits of wire between one of the 
voice coil tags and the speaker 
frame?" 

"They don't," replied Smithy 
severely, "waste time at all, because 
that connection serves a very useful 
function. In some sets, you have 
one side of the speaker transformer 
secondary "connected to chassis, 
whereupon the speaker frame is then 
also at chassis potential via the bit 
of two-way flex which joins the two 
together. (Fig. 8 (a).) In other 
cases you may have the transformer 
secondary isolated from the chassis, 
but you will still have the connection 
between one side of the voice coil 
and the speaker frame. (Fig. 8 (b).) 
Or you may have the same arrange- 
ment with, say, a 1M52 resistor 

between the voice coil circuit and 
chassis. (Fig. 8 (c).) And, in some 
receivers, you'll find that there's no 
connection between the speaker 
frame and the voice coil at all." 

"So far as I can see," maintained 
Dick, "it just seems to be an 
additional complication that's not 
needed." 

"There's a very good reason for 
connecting one side of the voice 
coil to the speaker frame," said 
Smithy. "You must remember that, 
in the speaker, there is a very tiny 
gap between the voice coil and the 
magnet pole -pieces. If the voice 
coil and pole -pieces are not bonded 
together it is possible for a small 
static voltage to appear between 
them, with the result that you may 
get tiny sparks or discharges occur- 
ring, these being particularly evident 
with loud sounds where the voice 
coil suffers relatively large excursions. 
It's even possible that, under these 
conditions, the voice coil wire 
actually touches the pole -pieces. At 
any event, the result is that the 
discharges can be picked up in the 
early stages of the receiver whereupon 
they result in sharp cracks on sound 
and, possibly, flashes on the screen. 
This effect is most likely to occur, 
incidentally, if you use an indoor 
aerial mounted close to the receiver." 

"I've never heard of a fault like 
that before." 

"It's fairly rare," admitted Smithy, 
"this being mainly because most 
manufacturers bond the speaker 
frame and voice coil together in 
order to prevent it. You may, 
nevertheless, bump into it now and 
again with sets which don't have 
the speaker frame bonded. It's 
most likely to show up on Band III 
because the length of the wiring to 
the speaker is liable to be closer to 
Band III than to Band I wavelengths. 
Also, since the Band III signal is 
often weaker than the Band I signal, 
the set is functioning under more 
sensitive conditions on this Band. 
The cure is, of course, to connect 
the speaker frame to the voice coil 
in the same manner as occurs in 
other sets. However, you have to 
be a little careful here." 

"How come?" 
"If," said Smithy, "the speaker 

frame is capable of being touched 
or if it is in contact with, say, a 
metal speaker grille, you may be 
introducing a shock hazard to the 
customer if you bond the frame to 
the voice coil. So, check very 
carefully before you add such a 
connection. In some receivers there 
is a slight risk of such contact to 
the speaker frame, whereupon the 
manufacturers make doubly sure by 
isolating the speaker transformer 
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secondary from the chassis. That 
explains the second circuit I men- 
tioned. (Fig. 8 (b).) Or they may 
isolate the secondary and prevent 
static voltages building up in the 
circuit by using a 1M52 resistor, as 
in the third circuit I talked about. 
(Fig. 8 (c).) You have to keep an 
eye open for these things." 

"Why," asked Dick despondently, 
"do even the simplest things in 
television get complicated as soon 
as you start digging into them? I 
would have thought that there was 
nothing simpler than earthing a 
speaker frame. I find, now, that 
I've got to take shock hazard into 
account as well!" 

"It is," said Smithy philosophically 
"just the nature of the beast we have 
to handle. At any rate, how long 
did it take you to find -that the speaker 
transformer had shorted turns in 
the primary?" 

For the second time that day, 
Dick's jaw dropped open. 

"You are psychic, Smithy," he 
gasped. "How could you possibly 
have known that?" 

"I didn't actually," chuckled 
Smithy. "I just made a guess at it. 
You told me that the output anode 
voltage was 181 and that the screen - 
grid voltage was 183. Most sets 
run the sound output pentode 
screen -grid direct from the same 
h.t. positive line which feeds the 
speaker transformer primary, and I 
risked the assumption that this was 
so in your aunt's set." 

"As it happened," confirmed 
Dick, "the screen -grid and trans- 
former primary did run from the 
same h.t. line." 

"Good," said Smithy briskly. 
"We learnt earlier that the cathode 
current of the output pentode was 
30mA and, with a valve like the 
pentode section of a PCL82, this 
would mean that there would be 
about 25mA flowing in the anode 
circuit. However, the difference 
between anode and screen -grid 
voltages meant that the speaker 
transformer primary was only drop- 
ping 2 volts." 

"Wait a minute," interrupted 
Dick. "Let's work this out using 
that mental short-cut of yours! If 
we start off by saying that 1 volt at 
1mA infers a resistance of 1k52, 
then 2 volts at 1mA infers a resistance 
of 2ka." 

"Right," said Smithy. 
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Fig. 8. It is common practice to connect the metal frame of a speaker to one 
side of the voice coil. In these three diagrams, it is assumed that two-way 
flex couples the television chassis proper to the speaker. In (a) the speaker 
frame is at receiver chassis potential whereas in (b) there is no chassis 
connection. In (c) the formation of static voltages in the secondary circuit is 

prevented by the 1M52 resistor 

"But in this instance," continued 
Dick, "we have 2 volts at 25mA, so 
that the final resistance is 2kû 
divided by 25." 

Dick stopped. 
"Perhaps," he added, "I should 

have done it on paper after all!" 
"Nonsense," snorted Smithy. 

"2k52 divided by. 25 is the same as 
2k52 divided by 100 and multiplied 
by 4. The answer is 8052." 

"Of course it is," said Dick 
excitedly. "And, blimey, that's the 
figure 'I found when I measured the 
resistance of the primary!" 

"Fair enough," commented 
Smithy. "Most of the sound output 
trannies in TV sets are pretty tiny 
affairs, and they usually have primary 
resistances of the order of 200 to 
50052. A primary resistance of 
8052 would indicate a most suspicious 
state of affairs." 

Success at Last 
"That's what I thought," said 

Dick. "And I was able to prove it 
very easily." 

"How was that?" 
"My aunt," explained Dick, "has 

a mains radio as well as a TV, and 
so I put the radio on another of her 
ricketty tables near the television 
chassis. After which I unhooked one 
of the connections from the primary 
of the TV speaker transformer, and 
then coupled the h.t. positive line 
and the pentode anode to the primary 
of the speaker transformer in the 

radio set. Whereupon, lo and 
behold, the latter gave forth sound 
of the utmost volume and fidelity!" 

"I have no doubt it did," said 
Smithy. "Was your aunt pleased 
about it?" 

"She was at first," replied Dick 
cautiously. "But it was at that 
moment that the cat decided to 
investigate the ,odd bit of flex I'd 
used to join the TV chassis and the 
radio speaker together. With the 
result that he pulled the connection 
out again." 

"Not to worry," said Smithy 
soothingly: "You'd proved your 
point. All you've got to do now is 
to go batk tonight and pop a new 
sound output tranny into that TV 
set." 

"That bit," replied Dick morosely, 
"is easy." 

"Then what are you beefing 
about?" 

"You haven't heard the worst," 
wailed Dick. "When that dratted 
cat broke the connection he also 
toppled the radio off the table as 
well, with the result that it fell to 
the deck with the most almighty 
crash you ever heard. So I've got 
to start all over again, and fix the 
radio!" 

"You were unlucky," com- 
miserated Smithy. "What's the snag 
with it?" 

"After the thump," snarled Dick, 
"it developed weak and distorted 
sound!" 

UNDERSTANDING RADIO 
PART 31 

Due to circumstances beyond our control, we regret that this part of the series has been held over until next month. 

MARCH 1964 533 

www.americanradiohistory.com



SHORT 
WAVE 
SUPERHET 

HIS LITTLE RECEIVER WILL PROVIDE A LOT of entertainment for those who like exploring 
the shorter wavelengths. Results on these 

wavelengths are always of interest; many Con- tinental transmissions can be received consistently at good programme level and there is always the 
chance of picking up some really distant signals. 
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Circuit 
The receiver covers the range 9.5 to 60 metres 

(31.5 Mc/s to 5 Mc/s) with two sets of plug-in coils. Referring to Fig. 1, it will be seen that the r.f. stage does not have the usual tuned grid circuit, the signal from the aerial being applied, instead, through the capacitor C1 direct to the grid of the 
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Fig. 1. The circuit of the receiver. C15 connects to tag 6 on the B9A valveholder into which L2 is plugged, and provides the padding capacitance for Range 5 (10.5-31.5 Mc/s) 
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Components List 

Resistors 
(All fixed resistors watt 10% unless otherwise 
stated) 

R1 22kû 
R2 100kû 
R3 100kû 
R4 6811 
R5 1kû 
R6 22k11 
R7 22012 
Rs 1kû 
R9 47k11 
R10 10kû 
R11 1kû 
R12 1.2M11 
R13 15011 
R14 1.2M11 
R15 47k11 
R16 220k11 
R17 2.2kû 
R18 1.2M11 
R19 220k11 
R20 470k11 
R21 1.2kû, 5 watts (see text) 
R22 22012 
R23 22011 
VR1 500k11 log track (with Si) 
VR2 500k11 log track 

Valves 
V1 
V2 
V3 
V4 
V5 

6BA6 
12AH8 
6AM6 
6AL5, (or two diodes GEX34) 
6AB8 

Coils 
L1 Miniature dual purpose ranges 4 and 5 

Yellow (Denco) 
L2 Miniature dual purpose, White, ranges 4 

and 5. (Denco) 
IFT1, 2 Transformers type IFT.11-1.6 Mc/s 

(Denco) 

Capacitors 
(All fixed capacitors 350V wkg. unless otherwise 
stated) 

Cl 33pF 
C2 0.01µF 
C3 0.01µF 200V wkg. 
C4 0.011.1.F 200V wkg. 

first valve, a variable -mu pentode type 6BA6. 
This arrangement saves the cost of two coils and 
enables a two -gang capacitor to be used for tuning 
in place of the more expensive three -gang compo- 
nent; it also simplifies alignment and reduces the 
risk of instability. The gain of the stage is, of 
course, reduced, but all its other advantages- 
improved a.g.c. action, better signal to noise 
ratio, removal of aerial loading from the mixer 

C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30 

C5 0.01µF 
C6 0.01µF 
C7 
C13 
Cs 20pF trimmer 
C9 0.01µF 
C10 0.01µF 200V wkg. 
C11 47pF 
C12 20pF trimmer 
C14 960pF 5% silver mica 
C15 0.004F 5% silver mica 
C16 0.01µF 
Clé 0.05µF 200V wkg. 
C18 0.01µF 

0.01µF 200V wkg. 
33pF (see text) 
33pF 
33pF 
0.00511F 200V wkg. 
0.011/F 200V wkg. 
0.01µF 
0.001µF 
5001.4F electrolytic, 15V wkg. 

32+34F, electrolytic (with mounting 
clip) 

1.05p.F 200V wkg. 

300pF, 2 gang 

Rectifier 
MR1 250V 50mA contact cooled 

Transformers 
T1 Output transformer, 60:1 for 3 û speaker 
T2 Mains transformer. Secondaries: 250V 

half wave, 50mA, 6.3V, 2A 

Sockets 
2 B7G valveholders with screens (V1, V3) 

1 B7G valveholder without screen (V4) 
4 B9A valveholders without screens (V2, V5, L1 

L2) 
1 pilot lamp holder 
1 aerial socket 

Miscellaneous 
1 tuning drive (see text) 
1 pilot lamp 
1 2 -way tagstrip 
1 3 -way tagstrip 
Knobs, grommets, wire, etc. 

grid, etc., are retained. A.G.C. is applied to the 
stage in the series mode through resistor R2, while 
R5 and C5 serve to decouple the anode circuit. 

Mixer 
The output from V1 is applied by way of the 

r.f. transformer L1, to the signal grid of the mixer 
stage, where a 12AH8 is used in a conventional 
circuit. The triode section, in conjunction with 
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0.001,uF 
25OV AC. Wkg. 

0004.F 
250VAC. Wkg. 

To S1 

Fig. 2. Modulation hum may be cleared by adding 
two capacitors as shown here. The receiver chassis 

should preferably be earthed 

coil L2, generates the local oscillator frequency 
which is then combined inside the valve with the 
signal frequency at grid 1 to produce the intermediate 
frequency of 1.6 Mc/s at the anode. A.G.C. is 
applied to the signal grid via the secondary of L1. 

I.F. Amplifier 
The choice of 1.6 Mc/s for the intermediate 

frequency means that the image or second channel 
reception point is spaced 3.2 Mc/s from the frequency 
to which the signal circuit is tuned. As a result, 
image reception is very much reduced and almost 
every transmission will be received at one point 
on the tuning scale only. The transformer IFT1 
selects the required frequency from the anode 
of V2 and applies it to the grid of V3, which, in 
order to obtain a high degree of gain, is a high 
slope pentode type 6AM6. As this is not a variable - 

mu valve a.g.c. cannot be applied to it, but the 
control voltage is of most value on the grids of 
the r.f. and mixer stages, and very little is lost by 
omitting it from the grid of V3. The resistor, 
R13, provides the necessary fixed cathode bias. 

Detection And A.G.C. 
A double -diode valve, 6AL5, provides detection 

and a.g.c. A.G.C. is especially important in a 
short wave receiver and, to obtain the most effective 
control, the a.g.c. diode is fed from the anode of 
V3 through the capacitor C20. The voltage obtain- 
able here is appreciably higher than that at the 
secondary of IFT2. Note that the insulation of 
C20 is particularly important. If it should fail, 
the full h.t. voltage will be applied to the diode 
with distressing results. A good quality mica or 
ceramic component should be used. Resistor 
R14 is the a.g.c. diode load and the d.c. voltage 
developed across it is fed through R12 to the a.g.c. 
line. In order to retain maximum sensitivity for 
weak signals, the application of a.g.c. voltage to 
the controlled valves is delayed by applying to the 
cathode of the a.g.c. diode a positive bias of 1.8 
volts obtained from the potential divider R16, 
R17. The controlled valves thus operate at maximum 
gain until the signal at the a.g.c. diode exceeds 
1.8 volts. 

The other half of V4 deals with signal detection. 
Resistors R15 and VR1 form the load proper, 
while capacitors C21 and C22 remove the now 
unwanted intermediate frequency. Connected to 
this network, C23 forms, with VR2, a simple top -cut 
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Fig. 3. Top view of chassis before bending, showing the principal holes which have to be made 
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tone control which will be found useful for reducing 
whistles and other high audio frequency interference 
which is sometimes common on short waves. A 
pair of germanium diodes of the GEX34 type can 
be substituted directly for V4 if desired, with no 
alteration in performance. The red ends of the 
diodes correspond to the cathodes of the 6AL5. 

A.F. And Output Stages 
Audio frequency amplification and power output 

are obtained simply and economically from a 
triode -pentode valve type 6AB8. As the bias 
requirements for the two sections of this valve 
are different and there is only a single cathode, 
it is necessary to return the grid resistor of the 
triode to a tapping on the cathode bias resistor. 
This works quite well provided the cathode is 
adequately bypassed to chassis. A large capacitor 
is needed and C27 has been given a value of 500µF. 
As an output valve, the pentode section will deliver 
about 1} watts into a load of llkL2 and, if the 
usual 3Sl speaker is to be used, the output trans- 
former in the anode circuit must have a ratio of 
about 60:1. Suitable transformers are readily 
available. The capacitor C26 across the primary 
serves to correct the response at the higher audio 
frequencies. 

Power Supply 
The h.t. requirement of the receiver is about 

45mA at 180 volts. This is supplied by the double- rectifier, MR1. Smoothing is provided by the 
wound mains transformer, T2, the half -wave h.t. resistor R21 in conjunction with the electrolytic 
secondary of which feeds a contact -cooled metal capacitors C28 and C29. The gain of the a.f. section 

Below -chassis view 

p3 

TUNING 

o 
AGC 

S CII 

6 3V TO 
DIAL 
LIGHT 

C26 

C 

AC MAINS 

Fig. 4. Below -chassis layout and wiring. The tags on the switch of the particular volume control employed should be 
checked, as they may vary in position from those shown here 
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of the receiver is not high and no further smoothing 
is needed. It should be noted that the value of 
R21 which is required to produce the correct h.t. 
line voltage depends to some extent on the output 
of the transformer and rectifier combination 
employed, and may need to be varied accordingly. 

The valve heaters require a total of 1.5 amps 
and, allowing for the addition of a dial light, the 
transformer should be capable of supplying 2 
amps at 6.3V. 

To avoid the possibility of modulation hum, 
it is advisable that the transformer primary be 
screened. If there is no screen and modulation 
hum is experienced, it may be cured by fitting two 
small capacitors in series across the primary winding 
and earthing the centre point to chassis as in Fig. 2. 
Good quality capacitors rated at 250 volts a.c. 
working should be used. 

Construction 
The receiver is constructed on a chassis of 18 

s.w.g. aluminium sheet, 10 x 5 x 2in, details of which 
are given in Fig. 3. The positions of the fixing 
holes for the tuning capacitor and the transformers 
will vary according to the components used and 
are not, therefore, shown in this drawing. There 
is plenty of room in the chassis for all the compo- 
nents, and construction can proceed in any desired 
order except that the connections to C28 and C29 
must be made before fitting the output transformer 
as they are rather inaccessible afterwards. The 
overall gain is high and the constructor who does 
not wish to experiment is advised to adhere to the 
layout of Fig. 3 and keep all the wiring as short 
and direct as can conveniently be managed. This 
applies particularly to the i.f. stage where the high 
slope of V3 is a potential cause of instability. V1 
and V3 should be screened. 

A complete wiring diagram is given in Fig. 4. 
Note that the positions of the components, as 
shown, are only approximate and that much of 
the wiring, which has been opened out for clarity, 
appears longer than is permissible in construction. 
Tinned copper wire of 22 s.w.g., covered with 
sleeving, is suitable for all the wiring. 

The two 20pF trimmers C8 and C12 serve for 
both ranges and should be mounted on top of the 
tuning capacitor. 

Components 
The tuning capacitor should be 300pF each 

section, but a 500pF component will serve quite 
well if fixed capacitors of 1,000pF are inserted at 
the two points X in Fig. 1. Close tolerance mica 
components should be used for this. The remaining 
capacitors can be of any type, though disc ceramics 
are very convenient in some places, notably for 
C25. All capacitors except those in grid and cathode 
circuits, must be rated for 350 volt working because, 
when the set is first switched on, they must withstand 
the full peak value of the h.t. supply until the valves 
warm up and begin to draw current. The wattage 
ratings for resistors are given in the Components 
List. 

Four coils are needed, two for the 5-15 Mc/s 
range and two for 10.5 to 31.5 Mc/s. The cost 
can, of course, be reduced by fitting one pair 
only and if this is done, the 5-15 Mc/s range should 
be selected as it is generally the more rewarding. 
The padder capacitor, C15 (Fig. 1) will not then 
be required. The specified coils must be used or 
the plug-in arrangements will not hold good. 

The tuning control should ideally be a good 
quality vernier drive but quite a good performance 
can be obtained from the much less expensive 
arrangement shown in the illustration. This consists 
of a 3+in drum driven by an ordinary cord drive, 
a pointer fixed to the driven spindle being made to 
traverse any arbitrary semicircular scale. 

Testing 
When construction is complete and the wiring 

has been checked carefully against the diagrams, 
a test should be made, with a meter on a high 
ohms range applied between C29 and chassis, 
to see that there are no short-circuits in the h.t. 
wiring. When a meter lead carrying positive voltage 
is applied to C29, a large initial deflection should 
be observed and the apparent resistance should 
then gradually increase to infinity or thereabouts 
as C28 and C29 become charged from the meter 
battery. All being well, a speaker can be connected, 
power applied and further tests made to see that 
voltage appears at the screens -grids, anodes and 
cathodes of the valves (except V4). Check also 
that the h.t. line voltage is 180+10V. Any greater 
difference should be corrected by altering the value 
of R21. 

Alignment 
Unless pre -tuned transformers have been used, 

it will be necessary to use a signal generator to 
align the i.f. amplifier. Inject a 1.6 Mc/s signal 
at the signal grid of V2 and adjust the transformer 
cores for resonance in the usual manner. Resonance 
is best detected by a high resistance voltmeter 
(20,000i2 p.v.) connected across VR1, but if this 
is not available, a modulated signal can be used, 
the volume control being turned up and resonance 
judged by ear. In either case, it is essential to 
keep the injected signal to the minimum necessary 
to produce a reliable indication. 

The signal and oscillator circuits present little 
difficulty. Start with the 5-15 Mc/s range and, 
with the gang at minimum capacitance, inject a 
15 Mc/s signal at the aerial. Tune it in with the 
trimmers C8 and C12. Then, with the gang at 
maximum, inject at 5 Mc/s and adjust the cores 
of L1 and L2 for the best results. The range is 
now correct and it remains to track the oscillator. 
Set the generator to 7 Mc/s and tune the receiver 
to the harmonic at 14 Mc/s. Manipulate the 
tuning capacitor and the trimmer C12 to find the 
combination of settings for maximum response. 
Note the tuning scale reading carefully. Now 
tune in the 7 Mc/s signal and by manipulation 
of the gang and the core of L2, again find the 
optimum combination. Return to the 14 Mc/s 
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scale position and make final adjustment to Ci2. 
The coils for the 10.5 to 31.5 Mc/s range can now 
be inserted and their cores adjusted for optimum 
response at 14 Mc/s. Do not make any alteration 
to the trimmers Cs and C12. 

Alignment without a Generator 
This is a practical proposition (provided the i.f. 

amplifier is pre -tuned) though it requires a little 
patience. Withdraw the core of L2 about *in, 
connect a good aerial and search for transmissions 
towards each end of the 5-15 Mc/s band. The 
oscillator circuit will take charge and if the operation 
is carried out after dark, when reception conditions 
are good, it will usually be possible to find two 
transmissions which are not too badly affected by 
fading. Identify them so that they can be found 
again and use them in lieu of the generator signals. 
It will not be possible to check the range of the 
coils but this is not a matter of any great moment. 

When the r.f. and oscillator adjustments have been 
carried out, tune in a transmission on the 49 metre 
band and check the alignment of the pre -tuned 
i.f. transformers. Only very small adjustments 
to the cores should be necessary to compensate 
for differences of stray capacitances. Do not 
make any large alterations or the original alignment 
will be lost. The second set of coils can now be 
fitted and their cores adjusted as previously des- 
cribed, using a transmission in the 25 metre band. 

Operation 
The stronger signals can be received on about 

18 in of wire but, as with all receivers, the best 
results are obtained with an efficient aerial. The 
prototype gave a good account of itself on a 30ft 
outdoor aerial, the a.g.c. system proving well able 
to cope with the large and rapid variations of 
signal strength which occur on short waves. An 
earth connection will eliminate mains -borne inter- 
ference. 

TOWNSEND 

FERRIES TEST 

TELEVISION 
AID TO PRECISION BERTHING 

A Marconi Marine closed-circuit television installation was recently tried out on board the cross -channel car ferry 
vessel Free Enterprise, with the co-operation of her owners, Townsend Bros. Ferries Ltd., in order to investigate what 
assistance this equipment can provide in the docking and general harbour manoeuvring of vessels of this type. 

These ships berth stern -on and to do so have to go astern, at sufficient speed to maintain adequate steerage way, 
between two rows of dolphins, coming to a stop with the stern some six feet off the shore car ramp. This naturally 
demands fine handling, particularly in a cross -wind or poor visibility or darkness. For precise information regarding 
the ship's position and movement relative to the dolphins and shore ramp the master normally relies upon the observa- 
tions of an officer stationed on the after mooring bridge, who passes it on over the talk -back system. 

In discussions between Townsend Bros. Ferries Ltd. and officials of the Marconi International Marine Co. Ltd., it 
was felt that a closed-circuit television installation might supplement this verbal information by providing the master 
on the bridge with an actual picture, in close-up, of what his officer, stationed aft, was seeing. Arrangements were 
accordingly made to carry out an evaluation project with a television installation aboard the 2,600 -ton Free Enterprise, 
316 feet in length. 

A test was made during a Channel crossing and return, a team of engineers from the Marconi Marine Company 
sailing in the vessel. Two fixed -aspect cameras were mounted on the port and starboard guard rails at the after end 

of the boat deck, covering the stern and quarters of the vessel; and display monitors were placed in the port forward 
corner of the wheelhouse. With this positioning of cameras and monitors the equipment was used during docking and 

undocking at both Dover and Calais, the trial proving most successful-so much so that during the return crossing the 
opportunity was taken to reposition the cameras, mounting one on the centreline of the after goalpost structure, 
looking aft, and moving the other forward to observe the forecastle head and the mooring party there, the master's 
view in this direction being somewhat restricted by the forward guard rail of the boat deck and the fan house. It was 

considered that this latter arrangement, giving the master simultaneous viewing of rope handling fore and aft, as well 
as of the positioning of his ship in relation to the dolphins and shore ramp, could be of great value. 

On the result of tests, it is known that the light -grasp of this particular camera is better than that of the human 
eye in conditions of restricted visibility, especially at dusk or even in darkness with adjacent illumination, and the 
Marconi Marine Company intends to carry out further operational trials to prove the television system under such 

conditions. 
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Design for a LONG Wave Light Programme 

Car Radio 
Flt. Lt. J. H. Thompson, 

ASSOC. BRIT. I.R.E., M.I.P.R.E. 

If a car radio receiver is generally employed to receive one station only, why introduce the complexity of a superhet circuit? In this article, our contributor describes a car radio which is intended for reception of the Light Programme on 1,500 metres. Since single -station working is all that is required, the radio then becomes a simple t.r. f. receiver which can be constructed at 
a component cost of f4 or even less 

AVING USED A CAR RADIO FOR MANY YEARS the author has found that, after the first 
thrill of the new toy, the set has been left more or less permanently tuned to the long wave- band Light Programme on 200 kc/s. 

540 

LI 
VI 

RFC. 6AM6 

R1 

470 
kn. 
R2: 

IMn 

3 

C3 

OlpF 
I60n 

C2 
OINF 

L3 

C4 

220 
pF 

R4 

V2 

6AM6 

L5 

C6 FT 

C5 
OINF 

7OpLF 

C7 
t220pF 

C8 
22OpF 

C9 
220pFT 

R5 
2.7 

R9 47kn 

RIO 
Ikn 

C11 

O OINF 

This programme gives, in the author's opinion, 
all that is required for the motorist; music, short news broadcasts, and a mass of light entertainment that requires little or no concentration. The strength of the long wave Light Programme trans - 

5 
V3 

6AL5 

47kn 

allume éontrol 

R11 
2.7 
Mn 470n 

R13 

47n 

HT dropping resistor 
for 12 Holt working 

R12 

IMn 

R16 

C12 C13 

3232 
pF pF 

R15 
1Okn 

V4 

5 6AM6 

C1 

HT+ 

R18 

4kn 

HT+ 

CI6 
1,0-5yF 

HT+ 
j172-- 

0 .01 en» 
NF R19 

OOn 
7 - V5 

6BW6 

RI7 
Ikn 

CI5 
50NF 

Fig. 1. The circuit of the receiver. The valve heater connections are shown in Fig. 3. R18 is only required with 12 -volt car systems. In the event of a.f. oscillation, reverse the connections to the secondary of T1 
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mitter is such that good reception is assured through- 
out the British Isles, and on a recent posting to 
Fontainebleau, some thirty miles south of Paris, 
the station still came in loud and clear with only 
a slight amount of "sideband splash" from the 
Continental Radio I signal. 

T.R.F. Receiver 
The normal car radio, designed to cover the 

long and medium wavebands is, of course, a super - 
het. This is to obtain high and equal gain through- 
out the fairly large frequency coverage. If, however, 
the receiver is to be spot tuned to one frequency 
(in this case 200 kc/s) the same problems do not 
exist, and so it was decided to use a straight receiver, 
making the r.f. gain as high as possible and following 
this by a high gain audio frequency amplifier. 

As may be seen from Fig. 1, the first r.f. stage 
is untuned. An untuned input circuit may seem 
peculiar, but this method of coupling the car radio 
aerial to the receiver was found, by experiment, 

to give superior results to any form of tuned coup- 
ling. There are two stages of r.f. amplification 
using 6AM6's. These valves give a very high stage 
gain and, when the aerial circuit was tuned, it 
was found difficult to prevent the set from becoming 
unstable on a weak signal. The receiver was quite 
stable on a moderate -to -strong signal as the a.g.c. 
voltage automatically reduced the gain of the 
first valve and removed the instability. After 
experimenting with various forms of tuned input 
circuit the present untuned version was adopted, 
and it has been found to give good gain and to be 
rock stable. 

The radio frequency choke in the aerial circuit 
cuts. down any r.f. ignition interference noises 
generated by the car engine. The 470kQ resistor 
R1 serves two purposes. It is the untuned grid - 
cathode load of the first r.f. valve and it also leaks 
away any static voltages picked up by the car 
aerial. The second r.f. stage is quite straightforward. 
It is not connected to the a.g.c. line and its main 

Components List 

Resistors 
(All fixed values * watt 20% unless otherwise 
stated) 

R1 470k52 
R2 1 MSI 
R3 16052 
R4 16052 
R5 2.7MSl 
R6 47kC2 
R7 250k52 potentiometer, log track 
R8 1M52 
R9 47k12 
R10 an 
R11 2.7MS2 
R12 1M52 
R13 4752 
R14 47052 
R15 10kS2 
R16 1.5k52 1 watt 
R17 1k9 1 watt 
R18 41x2 10 wattst 
R19 10052 
R20 1452 3 wattst 

Valves 
Vl 6AM6 
V2 6AM6 
V3 . 6AL5 
V4 6AM6 
V5 6BW6 

Switch 
S1 On/Off toggle 

Miscellaneous 
Valveholders, chassis, wire, nuts, bolts, etc. 

Capacitors 
C1 70pF mica or ceramic 
C2 0.1µF paper 
C3 0.11.LF paper 
C4 220pF mica 
C5 0.111F paper 
C6 0.1µF paper 
C7 220pF mica 
C8 220pF mica or ceramic 
C9 220pF mica or ceramic 
C10 0.01µF paper 
C11 0.01µF paper 
C12, 13 32-1-32µF electrolytic, 300V wkg. (6V 

version) or 500V wkg. (12V version) 
C14 0.011LF paper 
C15 5014F electrolytic, 50V wkg. 
C16 0.5µF paper 
C17 0.51/F paper 
C18 100µF electrolytic, 6V wkg.* 
C19 100µF electrolytic, 12V wkg.t 

* Only required for 6V wkg. 
t Only required for 12V z ikg. 

Inductors 
L1 R.F. choke type RFC8 (Denco Ltd) 
L2, 3-L4, 5 R.F. coupling coils "Maxi -Q" Range 

1, Yellow (Denco Ltd) 

Rotary Transformer 
Surplus item (manufactured by Hoover Ltd) 
12V input -450V output 
6V input -250V output (Available from Relda 

Radio Ltd, 32A Coptic Street, London, W.C.1.) 

Output Transformer 
T1 Ratio 50:1 

Speaker 
352 impedance 
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HT+ 

HT output 

HT- 

LT- 

LT+ 

Mounted on generator 
Keep leads short. 

+ 

6or 12V 

input 

Fig. 2. The connections to the rotary transformer for 
either 6 or 12 volt input. The noise suppressor 
capacitor, C17, is mounted direct to the rotary 
transformer with leads as short as possible. A 
negative earth is assumed, but if the car has a positive 
earth, the h.t. negative output will correspond to the 
positive input connection. Before wiring up, check that 
the rotary transformer has no internal connections 
between its input terminals and case (which may 
necessitate its insulation from the car body). After 
wiring, ensure that the h.t. output polarity is correct 

before connecting to the receiver 

purpose in life is to give as high a gain as possible. 
This stage is followed by a double diode (6AL5). 

One diode demodulates the signal in the normal 
way and the other produces the necessary a.g.c. 
voltage to control the first r.f. stage. The 47k12 
and 11()) resistors (R9, R10) in the cathode circuit 
of the a.g.c. diode give the system a delay of some- 
where in the region of 5 volts. 

Audio Frequency Section 
The audio frequency section is of interest. The 

first stage (6AM6) has a high anode load of 1MÛ 
and is directly coupled, through the 10k12 resistor, 
R15, to the output valve (6BW6). The gain is very 
high, so high that a large amount of negative 
feedback can be used, making the a.f. output from 
this set very pleasant to listen to. 

The bias resistor in the output stage, R17i fulfils 
three functions: (1) It produces the necessary bias 
for the output valve; (2) it produces a high voltage, 
in excess of that required for bias, to overcome 
the h.t. positive voltage from the anode of the 
previous valve; (3) it supplies the screen grid voltage 
for the first a.f. valve, the actual potential being 
about 30 volts. 

If a valve other than a 6BW6 is used in the output 
stage, the value of the cathode resistor can be found 
in the following way: (a) commence with a 1kü 
resistor in circuit; (b) connect a milliameter between 
the output transformer primary and the h.t. positive 
line; (c) ascertain what anode current the valve 
should consume for an h.t. potential of 250 volts; 
(d) if the meter registers too low a current, decrease 
the bias resistance and (e) if the meter registers too 
high a current, increase the value of the bias 
resistance. 

The circuit is, however, largely self -balancing, 
and 1kí2 is approximately correct for most valves. 

Rotary Transformer 
The rotary transformer used gives an output of 

250 volts for an input of 6 volts. If the input is 
increased to 12 volts the output will rise to about 
450 volts. The rotary transformer circuit is shown 
in Fig. 2. 

If the set is required to operate on a 12 volt 
car system then an h.t. dropping resistor will have 
to be inserted, in the receiver, between the h.t. 
positive input and the 1,50012 smoothing resistor, 
as shown in Fig. 1. 

The receiver consumes approximately 50mA, 
so Ohms Law gives the value of the additional 
series resistor as follows: 

Voltage to be dropped (450-250)=200 volts 
R= Ì 200 1 x ,000=4 = kí2 

50 

Wattage =EI =200 
x 50 

000 
-10 watts 

Two 6 volt versions of this car radio have been 
constructed and installed in Renault Dauphines, 
both have given excellent results and there has been 
no trouble whatsoever with car ignition interference. 

The heater circuits for 6 and 12 volt supplies 
are given in Fig. 3. 

Setting Up 
Setting up the equipment is very simple. Connect 

a voltmeter across the bias resistor of the first 

LT+ 
6 Volts 

LT+ 

12 Volts 

Fig. 3. The heater circuit for 6 volt working is shown 
in (a), and that for 12 volt working in (b). The 
associated capacitor (and resistor) should be mounted 
in the receiver chassis. As in Fig. 2, a negative 
earth is assumed. A positive earth will necessitate 

reversal of the parallel electrolytic capacitor 
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AE socket. 

Grid connection 
screened cable 

-- 

by Anode connection by 

screened cable 

Detector tuning 

L4L5 

Screen 

Anode connection by 

screened cable 

L2 L3 

Screen 

V4 

j 
V5 mounted 

below V4 

e7 D u 

C18or C19 

--C16 

C12,C13 

Output 
transformer 

Volume control 
R7 

Fig. 4. The basic layout employed by the author. The final size is dependent upon the space available in the car, 

but it is strongly advised that the general layout shown here be employed. A metal screen should be fitted to the top of 
the receiver on completion. It would be preferable to fit V1, V2 and V3 with screening cans 

r.f. valve (maximum potential 2 volts) and adjust 
the two tuned circuit iron dust cores for the lowest 
reading, corresponding to maximum dip in the 
meter. On a normal car radio aerial, maximum 
dip on the Light Programme should be somewhere 
in the region of 0.5 volt. 

Total Cost 
The total cost of the installation, excluding the 

aerial, is in the region of £3 to £4. This assumes 
the use of the rotary transformer recommended 
(10s. 6d. at the time of writing) and Government 
surplus valves. At this price the author considers 
the receiver to be good value for money. No 
additional noise suppression devices, other than those 

shown, were found necessary. It is recommended 
that the rotary transformer be mounted out of 
hearing, as it produces quite a large amount of 
physical noise. 

Editor's Note 
When the receiver is used for 12 volt working, 

the full h.t. voltage available from the rotary 
transformer will appear on the h.t. positive line 
until the valves warm up. In consequence, capacitors 
connected across the h.t. supply (C3, C6 and C16) 
should, preferably, have a working voltage of 500 
for this condition. This increased working voltage 
is already specified in the Components List for C12 
and C13. 

New Alpha Monitor Detects 
Radium Leakage 

A new portable instrument which can detect alpha radiation even in the presence of high gamma fields, so making 
it ideally suited for detecting leakage from radium needles by direct examination, has been developed by EMI 

Electronics Ltd. 

This new instrument, Alpha Monitor Type PAM1, is also suitable for monitoring Americium 241 and Radium 226 

for alpha radiation. 
In the past, instruments could not detect low levels of alpha radiation in strong gamma fields and when monitoring 

radium needles it was necessary to make wipe tests to determine whether they were leaking. With this new instrument 
the needles can now be directly monitored. So high is the sensitivity of Alpha Monitor PAM1 that small leaks, difficult 
to detect by a' wipe test, can be detected even in a 50 millicurie needle. 

The monitor is of all -transistor construction, is battery operated and incorporates a standard EMI 100 sq. cm. 
Alpha Probe Type AP3. The ratemeter is housed in a durable reinforced plastics case which fits neatly over the probe. 

If required, the probe can be detached from the ratemeter and used separately. The phosphor is zinc sulphide on 

perspex and the photomultiplier is EMI Type 9600H. Weight of the complete instrument is 32 lb. 
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TRANSISTORISED 
HOME BUILT CLOSED 
CIRCUIT TV 

Part 3-R. Murray -Shelley 
and T. Ian Mitchell 

The third in a series of four articles describing the construction and operation of an amateur -built closed circuit television camera. The camera, which is fully transistorised, provides an r. f. output at any channel in Band I and it may, in consequence, be used in conjunction with a 
conventional domestic television receiver 

Power Supplies 
HE POWER SUPPLIES REQUIRED FOR THE CAMERA are, relative to the earth line: 

(a) 12 volts, negative at approximately 100mA. (b) 100 volts, negative at approximately 2.5mA. (c) 300 volts, positive-very small current. (d) 6.3 volts, 0.6 Amps, a.c. 50 c/s. 
There are a number of ways in which these supplies can be obtained and the method which is adopted will depend rather on what the individual constructor has already available. The 300 volt and 6.3 volt supplies can be obtained from almost any receiver type power pack. The writers had such a pack and this was pressed into use. The 

100 volt negative supply was obtained initially from a small dry battery-such a small current is required that battery life is very long. (A 90 volt receiver battery is quite suitable). The 12 volt 

L 
Mains 

input 
E 

Receiver type 

Power pack 

63V +300V 
50ch D.C. 

0.6A 2mA 

I2V 
+ 

90V 

+F-F 

-12V 
D.C. 

100 
mA 

-90V 
D.C. 

2.5 
mA 

Connect to camera via multi -way 
cable 

Fig. 11. A suitable power supply, showing 
interconnections. Switches may be included where 

appropriate 

supply, with which is associated a rather larger current, can be taken from a miniature accumulator. (The writers used one of 12 volt 0.75 amp. hour rating obtained from ex -government sources) Fig. 11 shows the connections of a pack made up as above. The power supplies were, in the writers' case, external to the camera proper and connected to it via a multi -way cable with connectors made up from B9A valve bases and suitable plugs at each end. 

On -Off 

AC. 
Mains 

it 

250V 
39On IOH IOkn 300V 

o 

390n 
250V 

63 
IOkn 

4Th 
63V 

°5Oc/s 
I00kn -IOOV 

8}iF BNF ..50}iF 
+ IOOWV 

Earth 

Fig. 12. Illustrating how the +300, -100 and 6.3 volt supplies may be obtained from the mains. The 
transformer h.t. secondary has to supply a low current 
only. Capacitors with working voltages of 450 are 
recommended unless otherwise stated. Resistors may 
have a rating of 1 watt. All diodes are Lucas type 
DD008, or similar types with 800 volt p.i.v. ratings 
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6° 

Fig. 13. The camera case frame. The material is 
x din wood batten. The use of ferrite materials must 

be avoided 

The 100 volt supply can also be derived from 
the mains quite easily, as shown in Fig. 12. 

Whatever method of supply is adopted, it is 
essential that the currents supplied to the camera 
are thoroughly smoothed, otherwise mains inter- 
ference may show on the picture. This is readily 
detectable since it covers the picture with a mesh 
pattern. No voltage stabilisation of the supplies 
was found to be necessary. 

Construction 
The whole of the electronic assembly is housed 

in the camera head, which occupies a space of 
9 x 6 x 6in. The case for the unit is made by screwing 
aluminium sheet on to a wooden frame constructed 
as shown in Fig. 13. The operating controls and 
the pre-set controls, together with the coaxial 

6" 

t-- 

---13/4` I 

--13/16 ^ r-13/lö-r 13/16 13/16 

g 

11/2" 

GB -eB opt i - 

11/2 

Fig. 14. Drilling details for the camera rear panel. 
The material is 18 s.w.g. aluminium sheet. Hole 
diameters are as follows: "A" tin; "B" to suit pre-set 
potentiometers; "C" to take B9A socket; "D" to take 

coaxial socket 

Side view. The line oscillator coil and associated 
components are mounted on the vertical sheet of 

insulating board 

output socket and the power input socket, are 
all carried on the rear panel of the camera case. 
The drilling dimensions for this panel are given 
in Fig. 14, whilst Fig. 18 shows the control layout. 

The front panel carries the focus and scan coil 
assembly and the lens mount. We will have more 
to say on the subject of lenses and lens mounts 
later. The focus coil assembly is held in place 
by three screws, the Vidicon tube itself being 
fully supported within the assembly. Fig. 15 
gives the drilling data for the front panel. 

A method of constructing the electronic circuits 
using conventional chassis and tagboards was 
considered but rejected, primarily on the grounds 
of the space which such a method would take up, 
and also because it was felt that the transistorised 
circuitry lent itself to a more compact form of 
assembly-no valveholders and large transformers, 
etc., being required. 

Accordingly, the construction involves the use 
of an insulating board. The components are 
mounted through holes punched in the board and 
interconnections are made on the reverse side 
of the board. A very neat and compact layout 
is possible by this method, and it is one which 

The underside of the camera 
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Cutout 1/4" square for side pip 
on vidicon 

2' 
2'p.c.dia. 

3' 

6' 

Fig. 15. The front panel of the camera case 

has excellent mechanical and electrical stability. In the writers' case the type of board used was that made under the name of "Prespahn board"- a form of insulating sheet which has the appearance of treated cardboard. Should this not be available, thin Paxolin or plastic sheet could be used equally 
well. 

The video amplifier, r.f. oscillator, vertical 
timebase and blanking mixer can all be accom- modated on a single piece of the board as shown in Fig. 16. Fig. 16 also shows a suitable layout for the video amplifier. The rest of the construction 
is carried out in much the same manner. 

The line oscillator can be constructed on a 
second piece of board. This unit incorporates 
some rather large components in the shape of the 
line oscillator coil and the inductor in the collector 
circuit of the output stage. These components are most easily mounted by soldering their tags 

Earth line 

I-hUNT 

- 12V line 

Blanking Vertical 
mixer timebase 

TRl R5 C2 R7 R9 C4 R11 TR3 

111 DR,, 
RF R2C! R8 oscillator -- 

R46 , [IR3R6[1 [jt [IR14 
R22 R 

l:=1/ 
C5 

Video amplifier 

-8V line 

Cathode 
A2 Heater 

AI.5678 
4 í3 2 1s 

Do not use Heater 
Grid 

Spot 

OC 170 

OC71 

0C44 

o 
Short Index 
pin (Do not 
use) 

OC83 

Fig. 17. Base connections for the Vidicon and 
transistors. (A1 and A2 may also be referred to as G2 

and G3 respectively) 

to the tags on a small length of miniature group - board. This group -board can then be attached to the rest of the assembly with small screws. The completed line oscillator assembly can be 
fixed to a convenient part of the wooden case 
frame with wood screws. The main electronic 
assembly can be held in place with glue in the 
position shown in the accompanying photographs. 

Wiring techniques 
Little need be said about the actual wiring of the equipment, except perhaps for a few cautionary 

remarks regarding the semiconductors. These 
components are sensitive to heat and could easily 
be damaged if subjected to serious overheating. 
Accordingly all transistor leads should be kept fairly long and a thermal shunt-a pair of long nosed pliers-should be used during soldering. It is suggested that the transistors be inserted after the general wiring has been completed and, further, that they are mounted on the opposite side of the 

-12V 

REAR 

\-10V line 

Fig. 16. General circuit layout. A suitable 
layout for the video amplifier components 

is also shown 
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board to the rest of the components. Note that 
the "screen" connections on the 0C170 transistors 
are earthed. Also, make sure that the metal cases 
of these transistors do not come into contact with 
other harts of the circuit. 

The earth busbar and the 8, 10 and 12 volt 
busbars shown in Fig. 16 are made from lengths 
of 14 s.w.g. tinned copper wire. 

The line and vertical deflection coil connections 
are colour coded, the codes being given in the 
circuit diagram (Fig. 6, published last month). 
It is important that these codes are observed, 
otherwise a reversed or inverted picture will result. 

For correct operation, it is essential that the 
r.f. wiring around transistor TR5 and L1, L2 and 
L3 be kept as short as possible. This point is of 
considerable importance, and failure to ensure 
that it is carried out may result in poor functioning 
of the camera. 

Each of the sections of sheet metal forming 
the case should be in electrical contact with the 
others, and the case as a whole should be earthed. 

Electrostatic 
(fine) focus 

(R50) 

Width 

(R48) 

Electromagnetic 
focus _ 
(R53) 

Fòwer supply 

socket 

Target bias 

(R51) 

Beam control 

/(R52) 

Height 

(R38) 

Vertical 
linearity 

(R37) 

Output to 
receiver 

Fig. 18. The control panel layout 

The focus and scanning coil assembly has an 
integral screen around the end of the Vidicon 
tube. This must be earthed using the braid provided. 
Failure to do this would almost certainly cause 
severe patterning on the picture due to mains 
interference. 

Most of the components associated with the 
Vidicon controls, viz. Ci4, C15, C16, etc., can be 
mounted either on the main circuit board or directly 
connected to the controls themselves. The connec- 
tions to the Vidicon base can then be made with 
flying leads. The connections to this base are 
shown in Fig. 17. 

In order to avoid beat patterns being generated 
between the mesh of the deccelerating anode A3 
and the scanning lines, the tube should be mounted 
so that the scanning lines are at 45° to these mesh 
bars. This means that the tube should be rotated 
in its mounting so that the plane of a diameter 
through the index pin is horizontal. 

Lenses 
It is necessary that the scene which is to be 

The line scan waveform, as provided across the 
deflector coils 

televised be focused on to the photoconductive 
film. This means that some form of optical system 
must be incorporated. The writers, in their initial 
experiments made use of an ordinary film camera, 
the back of which had been removed. This proved 
to be very useful since it allowed easy access to 

The vertical scan waveform 

the Vidicon. Something a little more permanent 
than this, however, is required in the final equipment. 

It was mentioned earlier that the scanned area 
of the Vidicon target is such that it peiullts the use 
of standard 16mm cine lenses. If such a lens is 
available to the constructor then this can be used. 

The vertical sync pulses 
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The type of lens mount and the method of securing 
it to the camera will be almost entirely governed 
by the choice of lens, and a certain amount of 
ingenuity is required on the part of the individual 
constructor. The lens should have some provision 
for focusing and should preferably, be fitted with 
an iris diaphragm. The larger the lens aperture 
(the smaller the stop number) then, in general, 
the more useful will the lens prove to be. Focusing 
is carried out by moving the whole lens assembly 
nearer or further away from the Vidicon target. 
If it becomes necessary to make some sort of lens 
mount or lens holder, adequate provision should be 
made for this focusing. 

The writers, faced with the prospect of being 
able to obtain a 16mm lens only at some not in- 
considerable expense, decided to explore the pos- 
sibilities offered by the government surplus market. 

It was discovered that a lens system removed 
from the ex-R.A.F. gun camera, type G.45, was 
quite suitable for the project. This gun camera 
is obtainable on the surplus market both from 

electrical dealers and from photographic dealers.* 
The lens itself is not ideal since the field of view is 
rather narrow, also it is not fitted with an iris 
diaphragm. This latter facility is not essential 
since, unlike a camera fitted with photographic 
film, the sensitivity of the television camera can be 
adjusted to some extent electronically. It is useful 
to be able to stop down the lens in certain situations, 
however; when a large depth of field is required, 
for example, and also to avoid "overloading" 
the tube in bright light. The lens mount in which 
the gun camera lens was originally housed can, 
with some modification including reversal of the 
lens, be used on the television camera. This lens 
has an aperture of about f/3. 
EDITOR'S NOTE 

We are informed that a lens, suitable for use with the Vidicon 10667M, is obtainable from the D.T.V. Group, 126 Hamilton Road, West Norwood, London, S.E. 27. This is the Beulah Lens type Zl. 

* G.45 gun cameras are available from Direct Photographic Supplies, Ltd., 224 Edgware Road, London, W.2. 
(To be continued) 

SPECIFICATION 
Frequency Coverage: 

BAND A ... ... 600 kcis-1,500 kc/s (medium wave band) BAND B ... ... 1.7 Mc/s-4 Mc/s 
BAND C ... ... 3.9 Mc/s-8 Mc/s 
BAND D ... ... 7.9 Mc/s-14 Mc/s 
BAND E ... ... 13.9 Mc/s-22 Mc/s 
BAND F ... ... 21.9 Mc/s-32 Mc/s 

Intermediate Frequency: 
1,621 kc/s (} lattice filter) 

Sensitivity: 
3 microvolts for 10dB S/N ratio or better. 
8 microvolts M.W. band 

Image Rejection: 
40dB or better 

Input Impedance: 
600 ohm (nominal) 

Audio Output Impedance: 
3 ohm (speaker) 600 ohm line (phones) 

Audio Output: 
2 watts 

HIS RECEIVER IS A VERSATILE HIGH PERFORMANCE 
semi -communications receiver including many 
refinements normally only found on higher 

priced receivers of this type. It is suitable for com- 
munication purposes, as a high-performance amateur 
radio receiver or for reliable reception in areas far 
distant from a transmitter. Housed in a strong steel 
cabinet having a low silhouette styling and a silver - 
green colour scheme, the attractive appearance of 

Heath kit 

High -Sensitivity 

General Coverage 

Receiver Model RG -1 

Panel Controls: 
AF GAIN incorporating AC on -off AVC on -OFF 
RF GAIN BFO Variable Pitch Control MAIN tuning CALibrate press -on switch BAND switch NL MIN -max. 
BFO ON -off 

Valve and Diode Complement: 
EF183 RF amplifier, ECH81 Mixer -oscillator, EF183 1st IF amplifier, 
ECF82 2nd IF amplifier-BFO, 0A81 Detector, OA81 AVC, EB91 Noise limiter, ECL86 1st audio -audio output, EZ81 Rectifier, OA2 Stabiliser. 

Power Requirements 
110-240V AC, 50-60 c/s, 50 watts 

Cabinet Size: 
131" wide x 11}" deep x 6}" high 

General: 
Tuning meter zero adjust. Provision for muting. Phone jack on front panel 

Net Weight: 
181b 

Shipping Weight: 
231b 

Optional Extras: 
1 Mc/s Crystal Calibrator Model CL -IM. Matching loudspeaker 
cabinet Model SG -4. Speaker -Part No. 401-501 

this well designed equipment may be seen from the 
illustration shown herewith. 

From the specification it will be noted that the 
frequency coverage of the receiver is from 600 kc/s 
to 1.5 Mc/s and from 1.7 Mc/s to 32 Mc/s con- 
tinuous. The frequency break from 1.5 to 1.7 Mc/s 
permits the use of a 1,621 kc/s i.f., which produces 
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VRI 

R.F GAIN N1RE 

OFF 240- 
250 T2 

ON a 220-.,5 
230 Ca 
200- 
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RF AMP FREQ. CHANGER I OSCILLATOR 

HTI HT2 HT3 HT4 

/ 

DIAL 
LAMPS 

4 

HT5 

VS 

CAL 

M2 O- 

a far superior image rejection than do intermediate 
frequencies in the 450 kc/s region. 

Each band is separately calibrated on a large 
easy -to -read slide -rule scale, the dial itself being 
illuminated and providing approximately 9in of 
bandspread for each band. A two -speed drive is 

incorporated, thus allowing a small section of the 
band to be tuned at a very slow rate. 

The design features an S -meter, a tuned r.f. 
amplifier stage, a half -lattice filter, an adjustable 
noise limiter and provision for connecting a Q 
multiplier and frequency calibrator. 
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V6q 

C54= 
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C65 

CIRCUIT DIAGRAM OF THE 

HEATHKIT GENERAL COVERAGE RECEIVER 

MODEL RG -I 

ST AUDIO 

Circuit Description-R.F. Amplifier and 
Mixer/Oscillator 

From the circuit of the receiver it will be seen 
that the incoming signal from the aerial is applied 
through the inductance L13 (when the bandswitch 
is in position "A"), through the bandswitch, and 
on to the grid of the r.f. amplifier V1 (EF183). The 
amplified r.f. signal output from this stage is then 
applied, via the inductance L7 (again assuming 
position "A" of the bandswitch), to the grid of the 
heptode section of the frequency changer V2(a), (b) 

(ECH81). 
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V2 heterodynes the incoming signal frequency with 
the oscillator frequency in order to obtain the 
required difference frequency of 1,621 kc/s. 

The position of the third bandswitch section 
determines which inductors and associated capaci- 
tors are used in conjunction with the triode section 
of the valve (V2(b)) in the oscillator circuit. These 
inductors and capacitors, including the main tuning 
capacitor, set the oscillator frequency 1,621 kc/s 
higher than the signal frequency to which the r.f. 
circuits are tuned. 

I.F. Amplifier 
From the anode of V2(a) the signal is coupled, 

through IFT1 and the half -lattice crystal filter in the 
secondary circuit, to the grid of the first i.f. ampli- 
fier V3 (EF183). The half -lattice crystal filter has 
been included in the design to provide a narrow 
bandpass for the suppression of unwanted adjacent 
signals, and it provides the receiver with an excep- 
tionally good selectivity characteristic. 

The amplified i.f. signal from the anode of V3 is 
coupled through the second i.f. transformer (IFT2) 
to the grid of the second i.f. valve V4(a) (ECF82), 
this stage further amplifying the i.f. signal. By 
turning the b.f.o. switch on, the beat frequency 
signal from oscillator V4(b) may be heterodyned 
with the i.f. signal. The introduction of the b.f.o. 
signal (1,621 kc/s ±1 kc/s) produces an audible 
signal for continuous wave (c.w.) or single sideband 
(s.s.b.) reception. The output from V4(a) is coupled 
through IFT3 to the diode D1. 

Detector, A.G.C. and Noise Limiter 
Diode D1 detects the i.f. signal and, after filtering 

to chassis the unwanted r.f. component, the audio 
signal passes to the noise limiter stage 5 (EB91). 
When in use, the noise limiter effectively removes 
peak pulses caused by ignition or other impulsive 
interference, VR2 being the threshold control. The 
diode D2 rectifies the i.f. signal and provides an 
a.v.c. voltage. 

Audio Stages 
The audio signal from the noise limiter stage is 

applied to the grid of the triode section of V6 
(ECL86) via the volume control VR3. V6(b) is the 
first audio amplifier and the output from this is 
taken to the grid of the pentode section V6(a), this 
further amplifying the audio signals and applying 
these to the speaker or headphones via the output 
transformer T1. Insertion of the headphones jack 
plug automatically mutes the speaker. 

Power Supply 
V7 (EZ81) is utilised here as a full -wave rectifier, 

giving an h.t. supply which is fully isolated from 
the a.c. mains by the mains transformer T2. H.T. 
filtering is provided by resistors R31, R32 and R33, 
and capacitors C55, C56, C57 and C58. Voltage 
regulation for the oscillators V2(b) and V4(b) is 
given by V 8 (0A2). 

Optional Extras 
The optional extras available for use with this 

receiver may be briefly described as follows. 
A suitable frequency calibrator is the Model 

CL -1 M, this providing calibration marker signals 
at 1 Mc/s intervals throughout the range of the 
receiver. An octal socket is mounted in the receiver 
for the connection of this unit if so desired. Its 
power requirements are small, being 150V at 1.2mA 
and 6.3V at 0.3A. The calibration unit is ideally 
suited for use either with this receiver or any other 
which is capable of supplying its small power 
requirements. 

A speaker cabinet, Model SG -4, finished in green 
with a silver anodised grille, effectively matches the 
receiver. This cabinet is ideal for mounting a 312 
7 x 4in elliptical speaker and the latter component 
can also be supplied. 

A Q multiplier, Model QPM-16, is also available, 
its operating frequency being 1,600 kc/s. This unit 
is self -powered, a connection to the a.c. mains being 
all that is required, other than the necessary connec- 
tion to the receiver itself. 

Components List 
Resistors 

R11 lkû R31 1kû 
R12 3.9kû R32 2kû 
R13 56052 R33 27kû 
R14 47kû R34 5kû 
R15 1kû R35 560kû 
R16 100kû R36 220kû 
R17 l0û R37 100162 
R18 lid) R38 220kû 
R19 33kû R39 220kû 
R20 l kû R40 100kû 
R21 47kû R41 47kû 
R22 22kû R42 47kû 
R23 2.2Mû R43 47kû 
R24 1Mû R44 2.2kû 
R25 330kû R45 220kû 
R26 560kû R46 1052 

R37 2709 PC1 2kû linear 
R28 1.5kû VR1 5kû linear 
R29 220kû VR2 10kû linear 
R30 47kû VR3 500kû log 

Capacitors 
C41 0.00511F 
C42 0.1µF 
C43 0.005µF 
C44 0.005µF 
C45 0.005µF 
C46 0.1µF 
C47 0.005µF 
C48 0.005µF 
C49 200pF 
C50 200pF 
C51 15pF 
C52 0.01µF 
C53 25µF electrolytic 
C54 0.005µF 
C55 60µF electrolytic 
C56 75µF electrolytic 
C57 20µF electrolytic 
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CS8 20µF electrolytic 
C59 0.01µF 
C60 20.5pF 
C61 0.25µF 
C62 0.00511F 
C63 0.00511F 
C64 0.005µF 
C65 0.00511F 
C66 0.1µF 
C67. 0.004F 

Crystals 
X1 1.6197 Mc/s 
X2 1.6214 Mc/s 

Valves 
Vl EF183 Mullard 
V2 ECH81 Mullard 
V3 EF183 Mullard 
V4 ECF82 Mullard 
V5 EB91 Mullard 
V6 ECL86 Mullard 
V7 EZ81 Mullard 
V8 OA2 Mullard 

Semiconductors 
D1, D2 OA81 Mullard 
(Note: Resistors R1 to R10 and capacitors Cl to 

C40 are all contained in the tuner unit shown within 
the dotted lines on the circuit diagram.) 

CAN ANYONE HELP? 
Requests for information are inserted in this feature free of charge, subject to space being available. Users of this 

service undertake to acknowledge all letters, etc., received and to reimburse all reasonable expenses incurred by 

correspondents. Circuits, manuals, service sheets, etc., lent by readers must be returned in good condition within 

a reasonable period of time. 

Miniature Oscilloscope CT84.-L. P. Walls, 30 
Duppas Hill Terrace, Croydon, Surrey, requires 
handbook or other information regarding usage. 

* * * 

Signal Generator IRMC CT11.-J. W. Vickers, 
Atherstone Road, Measham, near Burton on Trent; 
service sheet or manual required, loan or purchase. 

* 

BC659 Rx/Tx, TR2002 Tx/Rx and Rx type 127.- 
B. Dodds, 42 Alma Place, North Shields, North- 
umberland, data and circuits required. 

Marconi CR150 Receiver.-V. Sammut, 158 Old 
Theatre Street, Valetta, Malta; circuit or service 
manual required, loan or purchase. 

* * * 

R107 Receiver.-T. E. Port, 11 Bournewood, Ham - 
street, Ashford, Kent, wishes to purchase manual. 

* * * 

"Saja" M40 Standard Tape Recorder.-G. Coombe, 
45 Saxon Road, Exeter, Devon, wishes to purchase 
or borrow circuit or manual. 

* * * 

Triplett 1632 Signal Generator.-A. Nash, 3 

Shawley Crescent, Epsom Downs, Surrey, requires 
loan or purchase of manual or circuit. 

R220 Receiver.-J. N. Price, c/o 5 Priorsfield Road 
North, Coundon, Coventry, circuit or manual 
required, loan or purchase. Has for disposal copies 
of Practical Wireless October 1961 to December 
1963 inclusive. No payment required except refund 
of postage. 

R107 Receiver.-N. Sudron, 1 Aiskew Grove, 
Fairfield, Stockton-on-Tees, Co. Durham, requires 
service manual or circuit, loan or purchase. Modi- 
fication details would also be welcome. 

* * * 

R.F. Unit 10P/2390 and I.F. Unit 10U/16621.-J. 
Anderson, 27 Tytherington Court, Tytherington 
Park Road, Macclesfield, Cheshire, has obtained 
these units and requires to know the circuitry, valve 
functions, voltages and connections as well as fre- 
quencies of these units, also whether they were 
intended to work together. 

* 

R1155A and Pye Receiver type PM121.-V. Tennant, 
High Park, Stanhoe, King's Lynn, Norfolk, requires 
service manuals or circuits, loan or purchase. 
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An Interchangeable 

Construction of the Power Supply Unit 
MARK AND CUT OUT THE FRONT PANEL AS 

shown in Fig. 11, and bend up the din edges 
at right angles.l Mark and cut out the 

chassis as in Fig. 12 bending the edges in the follow- 
ing order: A, B, C, D, E, F, G, H, I. Next bolt 
up the back of the chassis to the sides with 6BA 
nuts and bolts. Now place the chassis and front 
panel together as in Fig. 13, drill 6BA clear holes 
through both sides and secure to the chassis with 

1 The dimensions given here for the power unit metalwork may 
need to be varied if the mains transformers and smoothing choke 
have large dimensions. This point should be checked before com- 
mencing construction.-EDITOR. 

Above -chassis view of the timebase and X amplifier 
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Oscilloscope 
PART 2 

by J. Hillman 

yz fi 
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Fig. 11. The front panel of the power unit 
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Fig. 12. The power unit chassis 
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1 

6BA bolts. The hole for the valveholder on the 
chassis comes next. Cut out this hole 1 -kin diameter 
as shown in Fig. 14. The front panel is then drilled 
as in Fig. 15, and the parts indicated in this diagram 
fitted to it. The mains transformers are fitted next, 
no dimensions being given as these depend on the 
size of the transformers used. The only point to 
watch here is the positioning of the transformer 
cores. Place them at right angles to one another 
so that their magnetic fields tend to cancel out. 
The below -chassis layout is shown in Fig. 16. 
Mounted on the side of the chassis is C4, whilst 
two tagstrips are mounted on spacers to raise them 
and avoid e.h.t. arcing to chassis. Note that the 
tagstrips have widely spaced tags, the distance 
between tags being about Zin. The three octal 
valveholders are now fitted to the back of the chassis 
and the rest of the components fitted and wired as 
in Fig. 17. Octal socket 2 should be a moulded 
type.2 The chassis is earthed to h.t. negative and 
e.h.t. positive. The top cover is next made as in 
Fig. 18 and is bent in the following order: A, B, 
C, D, E. Finally, the baseplate (Fig. 19) is made. 

The warning light is fitted across the heater 

2 Improved e.h.t. insulation would be provided if pins 3 and 5 of 
socket 2 were left blank, other pins (say 6 and 8) being used for the 
tube heater supply. See Figs. 17 and 10.-EDITOR. 

The below -chassis layout of the timebase and X 
amplifier 
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Fig. 13. Fitting the front panel to the chassis 

T 

FRONT 

Ti 

L F C 

VI 

C5/6 

T2 

Fig. 14. Above -chassis layout 
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I I I III 111 1 I I I Ills liti I l Im 
Ski Sk2 Sk3 

Fig. 16. The principal components under the power 
unit chassis 

Components List 
(Fig. 17) 

Resistor 
R1 220ks2 } watt 20% 

Capacitors 
C1 0.1µF 1kV wkg. 
C2 0.1µF 1kV wkg.* 
C3 0.1µF 1.5kV wkg. 
C4 0.25µF 1.5kV wkg. 
C5 8µF electrolytic 450V wkg. 
C6 16µF electrolytic 450V wkg. 

Valve 
VI 5Z4G 

Metal Rectifiers 
MR1, 2, 3 K3/25 (Standard Telephones and 

Cables Ltd.) 

LFC 
10H, 100mA smoothing 

Transformers 
T1 Secondaries: 350 0 350V, 80mA; 6V 2A, 

5V 2A 
T2 Secondary: 6V 2A (c.r.t. heaters)* 

Miscellaneous 
1 Twin panel fuseholder 
1 Single panel fuseholder 
2 Fuses (1A) 
1 Fuse (100mA) 
Si on/off toggle d.p.s.t. 
4 Valveholders I.O. (1 moulded-see text) 
2 Tagstrips 7 -way (widespaced) 
1 Warning bulb and assembly 

If the c.r.t. unit employs a VCR139A. C2 and MR3 are not re 
quired. Also, TZ should give a secondary voltage of 4V IA. 

A 

B 

E 

D 

/ 
5" 

Fig. 18. The top cover 

supplies and gives an indication when the unit is 
switched on. The primaries of the transformers are 
protected by the two fuses F1 and F2, the h.t. 
secondary being protected by F3. All these fuses 
are mounted on the front panel to make them more 
easily accessible for replacement. If the VCR139A 
is used then transformer T2 will be a 4V IA type 
though any current rating above this value will be 
quite suitable. Also, the e.h.t. will need to be 
reduced by removing C2 and MR3, this giving a 
voltage of 600. 

Ti 

240-250V 
220-230V 
200-210V 

350 V 

L SIA Fi 240-250V 
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6.3V 
200-210V._- 2Amp 

sie 
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. .. 
220-230V, 

F2 T2 
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EHTt 

C4 

2 MR3 RI Eikv 

0 
Pilot 
Lamp -0 EHT- 

x.' 345j6o 

2470 H 
HT 

1180 

- 1 

Socket 2 

LFC HT+ 
350V 

/3456.-..0 
H2 tÌ 70) 

18 --- HT, 
Sockets 183 

Fig. 17. The circuit of the power unit 
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Fig. 19. The power unit baseplate 

Testing 
The power supply and c.r.t. units can now be 

connected up after having first tested the power 
unit to see that the correct voltages are present at 
the right terminals. The plug from the c.r.t. unit 
is fitted into the centre socket at the back of the 
power supply unit and the power switched on. 
After a short time the spot should appear on the 
screen of the c.r.t. It will probably be blurred, 
whereupon the focus control must be adjusted until 
a sharp spot is seen, adjusting the brilliance control 
as necessary. Next, operate the two shift controls 
X and Y, these should move the spot to any position 
on the screen. There is no cause for worry if there 
are some parts to which the spot cannot be moved, 
for this will right itself when the other units are 
connected. The reason is that the amount of shift 
depends on both the e.h.t. and h.t. voltages and the 
latter will not be at its final level at this stage. The 
shift controls have a positive voltage at one end of 
their tracks due to the h.t. supply and a negative 
voltage at the other end due to the e.h.t. supply, and 

1/î 1/2 

--I 
7/32Dia. /32Dia 

II/2 2" I 11/2 

5" 

Fig. 21. The timebase chassis 
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Fig. 20. Front panel of the timebase unit 

thus applying either a positive or a negative voltage 
to the deflection plates the spot is deflected either 
way. 

Next, operate the beam switch S1 (Fig. 8 published 
in last month's issue) whereupon the spot should 
disappear with the switch in the off position. If by 
any chance the spot cannot be centred on the 
screen, check the values of R2 and R3 (Fig. 8). 
Make sure also the other resistors in the e.h.t. 
chain, R5, R6, VR3 and VR4, all have the correct 
values. The focus control should be able to bring 
the spot into focus as it is moved one way and then 
cause it to go out of focus again as it is moved still 
further in the same direction. Another possible 
cause of lack of spot on the screen is the failure to 
wire up pins 8, 9 and 11 of the c.r.t. to chassis, this 
being sometimes overlooked. If the spot dances 
about, this is due to hum, and the heater leads 
should be moved away from other wiring. It may 
also be necessary to move the power supply away 
from the c.r.t. unit. 

3/84dia grommet 

L Ip I 
Fig. 22. The rear of the timebase unit 
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3/4" 

z` 

Fig. 23. Potentiometer mounting bracket. It is 
assumed that potentiometers of the type having two 

mounting screws are used 

Fig. 24. Fitting the timebase panel and chassis 
together 

©Ext. Sync. LOFT 

Sync. Sw. Linearity Sw. 

VR6 

Sync. Gain Coarse Freq. 

VRiO VR8 

X Amp Fine Freq. 

Fig. 25. Front panel layout 
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E 
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6 i/2« 

D _1_7 
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Fig. 26. The timebase unit cover 

Construction of the Timebase and X Amplifier 
First mark out the front panel as shown in Fig. 20, 

and drill the required holes as shown. Bend up the 
#in edges at right angles. Mark out the chassis as 
in Fig. 21 and bend the edges in the following order: 
A, B, C, D, E, F, G, H, securing edges C and D to 
the back of the chassis with 6BA nuts and bolts. 
The three valveholder holes are drilled or punched 
next to 4in diameter. The holes to be drilled in 
the back of the chassis as in Fig. 22 can now be 
made. A rubber grommet is fitted to these holes, 
together with three wander plug sockets. The three 
valveholders are fitted next and these are placed so 
that pins 1 and 9 have the orientation shown in 
Fig. 21 looking down on the top of the chassis. 
Next make up three brackets as shown in Fig. 23, 
bending the 4in section at right angles, and drilling 
the holes as shown. These three brackets are fitted 

6 i/2 

Fig. 27. The timebase unit baseplate 
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RI 

Grid XI (Fig.22) 

VR5 R5 

Int. Sync. 
(Fig.22) 
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VI EF80 

C CI4 
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3 4 5 
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VR8 

H 
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S4 : Position 1- Non -Linear 
Position 2- Linear 

Fig. 28. Circuit diagram of the timebase and X amplifier 

Components List 
(Fig. 28) 

Resistors 
(All -/ watt 10% unless otherwise stated) 
R1 470kû 
R2 47kû 
R3 470kû 
R4 1 MS2 
R5 47kû 
R6 100kû 
R7 10kû 
R8 22k12 1 watt 
R9 150kû 
R10 390kû 5 

R11 220kû 
R12 47kû 
R13 1kû 
R14 22k0 1 watt 

Potentiometers 
VR5 1MS2 pre-set (Blanking) 
VR6 100kû (Sync) 
VR7 50kû pre-set (Linearity) 
VR8 2MS2 (Fine Freq.) 
VR9 500kû pre-set (Linearity) 
VR10 100kû (X Amp Gain) 

Capacitors (all 350V wkg.) 
C1 0.1µF 
C2 0.01µF 
C3 8µF electrolytic 
C4 0.01µF 
C5 0.001µF 
C6 100pF 
C7 15pF 
C8 5pF. 
C9 0.01µF 

C10 
C11 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 

3 

R13 

500pF 
0.02µF 
0.001µF 
100pF 
15pF 
5pF 
0.25µF 
0.005µF 
0.25µF 
8µF electrolytic 
0.25µF 
0.005µF 

Valves 
V1 EF80 
V2 12AT7 
V3 12AT7 

Diode 
Xi 0A91 

RI4 

CI8 

HT+ 

350 V 
H - 

X 

(Fig.22) 

To Octal 
Power Plug 

(Sockets: 
I ora Fïg.17) 

Switches 
S2 1 -pole, 3 -way (Sync Selector) 
S3a, b 2 -pole, 6 -way (Coarse Freq.) 
S4a, b 2 -pole, 2 -way (Linearity) 

Miscellaneous 
3 Valveholders (B9G) 
5 Wander plug sockets 
1 Tagstrip (5 -way) 
2 Tagstrips (2 -way) 
1 Plug (3.0.) 
1 yard 4 -core cable 
6 Pointer knobs 
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/, / 
CII 

VR9 

Fig. 29. Above -chassis layout 

as in Fig. 21. Next place the from panel and chassis 
together, and drill and bolt up with 6BA nuts and 
bolts as in Fig. 24. 

The front panel components are now fitted next 
as in Fig. 25, the front panel having previously been 
painted with bläck crackle paint and allowed to dry. 
Next, the top cover is marked out as in Fig. 26, 
its edges being bent in the following order: A, B, 
C, D, E. Edges C and D are secured to the sides 
with 6BA nuts and bolts. The baseplate, as in 
Fig. 27, is then cut out and secured to the chassis 
base with self -tapping screws. The top cover is also 
secured with self -tapping screws, after which it is 
removed, as also is the baseplate. 

Wiring up now commences. Thè layout of 
components is as shown in Figs. 29 and 30, whilst 
the circuit diagram is shown in Fig. 28. Two 
2 -way tagstrips shown in Fig. 29 are used as anchor 
points for the oscillator capacitors C4 to Cs, and for the integrator capacitors, C11 to C15. When 
wiring up, the main aim should be to keep all wiring 
as short as possible and not to try for a good 

Fig. 30. Layout below chassis of the timebase unit 

appearance by using right-angle bends, etc. The 
wires to pins 2, 7, 8 and 9 of V1 should, in particular, 
be as short as possible. All capacitors are suspended 
in the wiring and no valve screens are fitted. The 
supply lead is fed in through the grommet at the 
back of the chassis and is anchored to a 5 -way 
tagstrip of which one outer tag is h.t. positive and the other outer tag one side of the heater supply. 
The remaining heater supply lead connects to the 
chassis tag. The supply lead is made up of one yard of 4 -core cable terminated in an I.O. plug, using the pin connections for socket 1 or 3 shown in Fig. 17. 

It will be noted that only one section of the 
12AT7 (V3) is employed in the circuit. The remain- 
ing electrodes may be connected to chassis. 
(Alternatively, the grid and cathode of the unused 
section may be connected to chassis, the anode 
being coupled to h.t. positive via a 2.2Mí2 resistor. 
This method of connection avoids cathode poisoning 
in the unused section.) 

(To be continued) 

RADIO TOPICS . . 

EFORE THE WAR, IT WAS THE 
custom for radio journals 
appearing around March and 

April to publish articles enthusiasti- 
cally exhorting readers to carry out 
spring-cleaning operations on their 
equipment. In those days most 
amateur constructors had fewer com- 
ponents and items of gear than is 
general at the time being, with the 
result that much care was devoted to 
looking after bits and pieces. Also, 
components were relatively dearer 
than they are today, and this fact 

558 

increased the desirability of keeping 
equipment in good order. 

The pre-war spring-cleaning 
articles started off by urging the 
reader to lower his aerial, check all 
connections and clean the insulators. 
I should add that, in those days, 
most households sported long in- 
verted -L receiving aerials with 
Woolworth's china insulators at each 
end, instead of the TV aerials which 
nowadays dominate the skyline. 
After cleaning the insulators, the 
next job consisted of checking the 

earth connection. The family re- 
ceiver followed, and it was usually 
suggested that this be thoroughly 
cleaned out and all connections 
inspected, after which there should 
be a touch-up on all trimmers which 
were immediately available. Many 
sets in those days still operated from 
2 volt accumulators, and these were 
to be given special attention during 
spring-cleaning, this including a 
careful search for corrosion and the 
final smearing of exposed metal 
terminal surfaces with petroleum 
jelly. ell 

After having proceeded so far, it 
was assumed that the amateur could 
relax in the knowledge that he would 
be safe for at least another twelve 
months from all the misfortunes 
which could be reasonably antici- 
pated, including dead shorts on the 
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aerial insulators and accumulators 
eaten away by sulphuric acid. After 
dealing with aerials, earths, receivers 
and accumulators, the writers of 
pre-war spring-cleaning articles fin- 
ally concluded with a few paragraphs 
on the general cleaning up and 
tidying of "dens" and workrooms. 

Memories of those earlier articles 
entered my mind when, several days 
ago, I decided to clean up my own 
workroom. As always happens on 
these occasions, all that was evident 
at the end was a rearrangement of 
spare parts and components, with 
absolutely nothing thrown away 
whatsoever. I suppose the time will 
eventually come when I do have to 
discard something-if only to get 
into the place-but there is still 
plenty of space left yet. 

Electronic Scrap 
My own continually increasing 

collection goes some way towards 
emphasising the fact that, particu- 
larly since the war, component 
factories have been maintaining a 
very high production level of capaci- 
tors, resistors, transformers and all 
the other bits and pieces which go to 
make up domestic receivers. At the 
same time, receiver factories have 
been just as busily occupied in 
assembling these parts into complete 
sets. This process has been under 
way without interruption for at least 
seventeen years now, and vast piles 
of raw materials-copper, steel, 
aluminium, cotton, rayon, mica, 
nylon, tin, polystyrene, Bakelite, 
wood, paper, glass, nickel, silver and 
even gold-have been consequently 
used up. These raw materials, and 
many more, have been flowing into 
the component and receiver manu- 
facturing complex in great quantities, 
emerging at the other end as a flood 
of new and shiny television receivers, 
record reproducers and sound radios. 
Finally, this deluge of equipment has 
entered the houses of the people in 
this country. 

But where has it gone from there? 
So far as I can tell, most of it ends 

up either on the municipal rubbish 
dump or, when the items are too big 
for the dustbin, on unofficial dumps. 
I note, for instance, that no less than 
thirty discarded television sets were 
recently found on Black Down in 
Sussex, and I have little doubt that 
many others have been similarly 
"ditched" at other remote places in 
the country. 

At a guess I would say that much 
of the domestic "electronic scrap" 
which is being discarded at present 
is 1946 to 1952 production. This, in 
worn-out form, has been thrown out 
either by householders whose homes 
are saturated with radio and TV 

gear or by similarly saturated 
retailers who have accepted the 
equipment as trade-ins for new sales. 
By 1970, the 1952 to 1958 production 
will start appearing on the dumps, 
and so the process will go on. 
Eventually, we will have vast deposi- 
tories of domestic electronic scrap 
in which (and here's a thought) many 
of the individual components and 
parts will be capable of functioning 
just as well as they did on the day 
when they were manufactured. In 
the meantime, at the other end of the 
system the raw materials will still be 
pouring into the components fac- 
tories, and production managers 
will still be developing ulcers con- 
verting these into further parts for 
the receiver factories. 

It seems to be almost a pity that 
there is no life cycle with electronic 
equipment as there is with organic 
life, wherein the dead and decaying 
provide the bricks from which new 
life is formed. With electronic gear 
the system works in one direction 
only: from the raw material to the 
rubbish tip. 

In a way this is rather a gloomy 
thought, but I can lighten it a little 
by saying that at least some of the 
1946 to 1952 production has found 
a safe haven in my workroom. 
Which probably accounts for the 
name the female members of the 
household assign to it! 

R x 625=1964 
January 1st has an unfortunate 

habit of following New Year's Eve 
and it is not, in my opinion, always 
the best day with which to start a 
year. 

Last January 1st was, however, 
completely made for me as soon as 
I glanced through my daily paper. 
As I turned the pages three identical 
advertisements swam into my field 
of vision, these all carrying the 
cryptic message: 

R x 625=1964 
By the time these notes appear in 

print the message will probably have 
been explained in later advertise- 
ments, but I am quite proud of the 
fact that I gathered its import 
straightaway. After a little scribbled 
calculation in the margin to confirm 
that Tt multiplied by 625 is, indeed, 
equal to 1964*, I was quite ready to 
accept that Pye, in combination with 
625, gave the exact conditions 
required for 1964. 

This must be one of the cleverest 
advertisements which has been pro- 
duced for quite a while, and the 
juxtapositioning of Pye, 625 (for 625 

* 3.142 multiplied by 625 gives 1963.8, and 

Zmultiplied by 625 gives 1964. 

lines) and 1964 (the year in which 
625 line programmes commence) is 
surprisingly effective. I don't know 
the identity of the unsung hero at 
Pye of Cambridge who discovered 
this happy relationship of numbers, 
but I definitely feel that he should 
have been mentioned in the New 
Year Honours List! 

TV Booster 
Gordon J. King is well known for 

his authoritative articles and books 
on television, radio and many other 
aspects of electronics. In con- 
sequence, it is interesting to note that 
Gordon J. King (Enterprises) Ltd. 
have now introduced a particularly 
useful TV booster which offers 
simultaneous amplification of both 
Band I and Band III channels. An 
f.m. version gives amplification on 
Band II. The booster is intended for 
insertion between the -aerial and the 
set, and can raise weak and noisy 
pictures well above the entertainment 
value level. A signal which, without 
the booster, could not even offer 
reliable line and vertical hold can be 
amplified to provide perfectly accept- 
able pictures which lock solid. Not 
only, therefore, does the booster 
improve results in fringe areas, but 
it also enables outside aerial to be 
replaced by less costly indoor aerials 
in close -to -fringe areas. 

The unit, known as the "Tele - 
booster", is fully transistorised and, 
since it runs from its own internal 
9 volt battery, requires no connec- 
tions to the mains. A low current 
consumption of 1.5mA ensures long 
battery life. There are two coaxial 
sockets on the case of the booster, 
one of which accepts the aerial 
feeder whilst the other provides an 
output for the receiver. All im- 
pedances are at 70 to 8052. There 
are three versions of the Telebooster, 
one offering amplification on Chan- 
nels 1, 2 and 3 and all of Band III, 
a second offering amplification of 
Channels 3, 4 and 5 and all of Band 
III, and a third, for f.m. receivers, 
offering amplification on all of 
Band H. Voltage gains for Band I 
are, typically, 18dB, for Band II 
16dB, and for Band III 14dB. The 
unit measures 31- x 3 f x tin, and 
weighs approximately ill) with the 
battery fitted. 

The basic circuit configuration in 
the Telebooster employs the earthed - 
base mode, a special top -end col- 
lector coupling circuit providing 
impedance matching and the dual 
band characteristic. An important 
attribute of the circuit is its ultra -low 
noise operation. The unit is designed 
and marketed by Gordon J. King 
(Enterprises) Ltd., 6 New Road, 
Brixham, Devon. 

MARCH 1964 559 

www.americanradiohistory.com



TRANSISTORISED 
TELEVISION 

CIRCUITS 
PART 5 By Gordon J. King, 

Assoc.Brit.I.R.E., M.T.S., M.I.P.R.E. 

In this, the fifth article in a six -part series, our contributor concludes his discussion on line 
timebase and synchronising circuits. The article then carries on to consider the vertical timebase 

Line and Sync Circuits 
LAST MONTH WE DISCUSSED THE LINE TIMEBASE 

and a.f.c. circuits as featured in the Pye TT1 
transistorised television set. A similar arrange- 

ment is adopted in the "Portarama" by Perdio, as 
will be seen from the block diagram in Fig. 12. 

The line sync pulses are compared for phase 
with a reference pulse signal picked up from the line 
output stage in a phase discriminator network. The 
polarity and level of the voltage at the output of 
the discriminator is dependent on the phase relation- 
ship between the two signals. Circuit details are 
given in Fig. 13, while the phase discriminator section 
is highlighted in Fig. 14 (a), which shows that the 
network consists of two diodes (D104 and D105) 
connected back-to-back. 

Phase Discriminator 
The operation of the circuit is as follows. The 

Composite 
video 

Video 
output 

TR07 

Video 

amplifier 
TR106 

To AGC. amplifier 
To CRT. cathode 

Sync 

separator 
TR)09 

point marked "A" in Fig. 14 (a) is "earthed" to 
a.c. signals through C200, while to point "C" (the 
other end) is connected an integrating circuit 
made up of R 204 and C201. This circuit integrates 
the negative -going reference pulses from the line 
output transformer and produces a sawtooth wave- 
form at point "C". 

Now, positive -going line sync pulses applied at 
point "B" result in the conduction of both diodes. 
If synchronisation is correct, the instantaneous 
amplitudes of the sync pulses and the sawtooth 

be of 
Their sum will thus produce zero d.c. voltage at 
point "C" for the duration of the pulse, as shown in 
Fig. 14 (b). 

However, if the timebase is asynchronous, the 
instantaneous amplitudes of the sync pulses and the 
sawtooth waveform will differ, and their sum will 
then produce a plus or minus d.c. voltage at point 

R2O4 C202 

C210 

Phase 

discriminator 
D04 8 

D105 

RI31 

BIM CI18 

Reference 
signal 

une 
output 

TRA 

-% QSl44 ) 
T201 

`OOOOti 

Emitter Line Line 
follower oscillator driver 
TRI l9 TR120 TR121 

To vertical timebase T200 

Fig. 12. Block diagram of the phase discriminator and line timebase in the Perdio "Portarama" transistorised television 
receiver 
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Fig. 13. Circuit details of the Perdio line timebase section 

"C". This voltage will be proportional to the 
phase difference between the two applied signals. 

The discriminator output is applied to a d.c. 
amplifier (TR119), via a low-pass filter and damping 
network, comprising C205, C203, R206 and R205. 
This latter network determines the "pull -in" and 
"lock -in" .characteristics of the timebase and 
endows it with a "flywheel" attribute. 

D.C. Amplifier 
The d.c. amplifier (T11119) provides the correct 

impedance match to the blocking oscillator (TR12o), 
the output from the emitter of the former being 
coupled to the base of the latter via a primary 
winding on the blocking oscillator transformer T200. 
The changing current in the emitter circuit of the 
d.c. amplifier provides a control of line frequency, 
in rather the same way as the manual line hold 
control on a conventional blocking oscillator gives 
a control of frequency by altering the time -constant 
of the circuit, in effect. The frequency of the line 
oscillator is established initially by VR200 and 
VR403, a d.c. voltage purposely being reflected into 
the discriminator circuit to secure the starting 
balance. 

The line oscillator is conventional, and in Fig. 13 
it will be seed that a "damping" network (D106 and 
R209) is employed across the collector winding of 
the blocking oscillator transformer to suppress 
high peak voltages that could"damage the transistor. 

To provide a good line amplifier switching action, 
the oscillator is coupled and matched into the base 
of the output transistor TR122, via a driver transistor 
TR121. The transformer T201 provides "power" 
coupling between the two stages. 

A single transistor is used in the output stage in 
this model, but the line coils (L500) remain in series 
with the collector, the primary of the line output 

ID109 
To video 

and bright. 
circuits 

7501 
Chassis 

transformer (T500) being in shunt with the coils, as 
in the Pye set. (See Part 4.) The line output 
transformer provides a pulse voltage for e.h.t., as 
well as a further voltage for the first anode supply to 

Line synchronising Reference 
pulses from TR1O9 pulses 

1C204 

Dl04 D105 

DC biasing 

Sync pulse conductbn 
with timebase unsynchronised 

c202 

TR204 
R 

L 
1 

L_1 

Impedance 
matching 

TRI19 

Sync pulse conduction 

with timebase synchronised 

Fig. 14. (a) Highlighted phase discriminator section 
of the Perdio receiver, with the waveforms at (b) 

illustrating the method of operation 
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3V 

OO 

35V 

Fig. 15. Details of the waveforms at Test Points "Y", 
"V", "Z" and "U" in Fig. 13 are given at (a), (b), 

(c) and (d) respectively 

the picture tube via D108, and -90 volts for the 
video amplifier and brightness control circuit via 
D109 

D107 is the shunt -connected efficiency diode, and 
variable line linearity is provided by the "saturated 
reactor" type of circuit, comprising L401 and an 
associated magnet to set the saturation level of the 
core and, hence, the current waveform in the line 
scanning coils L500. The e.h.t. rectifier is, of course, 
the thermionic valve D113. 

Waveforms and their characteristics at points 
"Y", "V", "Z" and "U" in Fig. 13 are given in 
Fig. 15 at (a), (b), (e) and (d) respectively. 

Sync Separator 
So far we have considered the line sync pulses as 

being already correctly formed for application to the 
Pye a.f.c. circuit or to the Perdio phase detector. 
We must now see how the pulses are obtained in 
the first place. 

In Fig. 16 (which shows part of the Pye TT1 set) 
TR22 is the sync separator transistor. This circuit 
requires a fast -switching transistor, and the Mullard 
0C44 is a good choice. Other requirements are 
low saturation resistance and a high beta. 

The function of the circuit is identical with 
valve -type sync separators, in that the picture 
content and noise -carrying tips of the sync pulses 
are removed by "clipping". ' A good receiver a.g.c. 
performance helps in maintaining a fast switching 
time, for then the parameters can be adjusted to 
avoid severe overloading at the base, a condition 
which can result in excessive hole storage and thus 
impaired switching speed. 

In Fig. 16 the composite video signal from the 
collector circuit of the video amplifier (see Fig. 9, 
Part 3) is fed to the separator base through C69. 
During the sync period the negative -going sync 
signal drives the transistor hard into conduction so 
that a sharp, positive -going sync pulse is produced 
across the collector resistor,R68. It will be seen that 

this has a relatively large value for a transistor, but 
the higher the value here, the better the limiting. 

Simultaneously, the flow of base current charges 
the base capacitor C69, and as the signal returns to the sync base level on the positive -going trailing 
edge of the pulse, the sync separator base is left in a "biased -off" condition and no video signal can reach the timebase circuits connected to the collector 
load. To avoid the separator action from being 
affected by current reflections during the line retrace 
period, TR22 collector is powered from the filtered 
10 volt supply (see Fig, 10, Part 4). 

The sync signal at the collector is fed direct to the "horizontal sync phase-splitter" (see Fig. 11, Part 4), and also to the "vertical sync inverter", 
TR23 (Fig. 16). This stage is primarily intended to invert the field sync pulses to a positive -going polarity to "trigger" the field (i.e., vertical) oscillator. The stage also assists in isolating _the field timebase from the line timebase and thus ensures optimum 
interlace performance. 

Vertical Oscillator 
A blocking oscillator is used in the vertical 

timebase circuit, and this is TR25 in Fig. 16. 
Regeneration is obtained by transformer coupling 
(T11) between the emitter and base circuits. The 
repetition frequency is governed by the time - constant (R73 plus R74 and C72) in the base circuit, with R73 being variable to give a control of field 
speed (i.e., vertical hold control). The time - constant here serves, in fact, to control the 
"switched -off" period of the transistor. 

The timebase "charge" circuit is connected to the 
collector of TR25 (C74 and C75) and, to provide 
adequate drive waveform over a reasonably linear portion of the charging curve, the charging resistors 
(C75 and R76) are connected to one of the -60 volt 
supplies derived in the line timebase (see Fig. 10, Part 4). One of these resistors is the "height control". 

Vertical Driver Stage 
A further aid to linearity is provided by the 

"vertical driver" stage, TR26. This avoids the 
necessity of having the charging capacitors supply the relatively large current needed to drive the 
vertical output stage. Coupling to the base of the driver from the oscillator is via C76. The emitter of the driver (this being an emitter -follower to 
provide the correct matching conditions) then 
couples to the base of the vertical output transistor through C77. 

Vertical Output 
The vertical output transistor, TR27i is biased for the correct operating conditions by the base potential divider given by Rsl and R82. The upper resistor is variable, and this permits the 

bias to be adjusted accurately subsequent to transistor replacement or timebase servicing. This 
control is adjusted just beyond the point at which scan compression at the bottom of the picture 
disappears; the picture is then linearised in the normal way. 
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Fig. 16. Sync separator and vertical timebase circuits from the Pye TT1 circuit 

If this adjustment is incorrect, the vertical output 
stage will be running inefficiently and it may be 
impossible to secure reasonable vertical linearity by 
means of the two controls R78 and R80. These 
appear in . two overall feedback circuits between 
both the collector and emitter of TR27 and the 
base of TR26. The "Linearity 1" control mostly 
affects the overall linearity of the picture, while the 
"Linearity 2" control adjusts the topmost linearity 
of the picture. 

It will be seen that the collector circuit of the 
amplifier is connected direct to the vertical scanning 
coils (the other end of the coils is connected to the 
negative line). This normally has the disadvantage 
of causing "decentering" of the picture due to the 
d.c. in the coils. In the Pye receiver, however, this 
is combated by having a part of T12 shunt the coils. 
The section in shunt with the coils is of large 
inductance and low resistance compared with the 
coils themselves. Thus the d.c. component is 
bypassed while the full scanning signal is applied 
to the coils. The other winding on T12 provides the 
field blanking signal for flyback line elimination, as 
discussed in Part 4. 

Both the oscillator base circuit and the output 
transistor collector circuit are provided with 

"clamp" diodes to prevent damage to the respective 
transistors from the high voltage peaks induced 
during the retrace period. 

The waveforms at the various circuits in Fig. 16 
clearly reveal the manner in which the circuits 
function, and these should prove of considerable 
assistance during a servicing operation in the 
vertical timebase circuits. 

Perdio Circuit 
In Fig. 17 is shown the vertical timebase circuits 

in the Perdio "Portarama". Here, transistor TR111 
is connected as a blocking oscillator, to the collector 
of which are applied sync pulses from the sync 
separator. These are fed via VR103, the sync level 
control, adjustment being made for optimum 
vertical lock and interlace. The pulses "trigger" 
the oscillator, and the resultant field pulses are 
fed, via TR112, to the base of the emitter -follower 
vertical drive transistor, TR113. 

The pulses are shaped by the feedback network 
comprising C129, C130, R143 and the linearity 
control VR101. The output from TR113 is d.c. 
coupled to the base of the vertical output transistor, 
TRll4. This stage is connected in the common - 
emitter condition, and the scanning coils are choke - 
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Fig. 17. Vertical timebase circuits of the Perdio transistorised television set. C402 is used to block d.c. from the scanning 
coils L500 

capacitance coupled to the collector by L400 and 
C402, the latter also blocking d.c. from the coils. 
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Fig. 18. Base circuit of a Class B vertical timebase 

Voltage dependent resistors, VDioi and VD1o2 
are employed to suppress the high voltage retrace 
peaks. 

Push -Pull Vertical Amplifier 
While single -ended vertical output stages are 

favoured in most commercial equipment, the basic 
circuit of a push-pull output stage is shown in Fig. 18. 

This circuit has the advantage of good efficiency 
and cancellation of d.c. in the vertical scanning 
coils. Diode D1 is included to avoid a "clamping" 
action by TR1 which would otherwise happen when 
TRi is "switched on" and TR2 "switched off". 
"Clamping" of this nature would tend to slow 
down the current reversal in the scanning coils on 
the retrace, and thus extend the latter, resulting in 
foldover at the top of the picture (i.e., slow flyback). 

During the forward scan D1 conducts and its 
resistance is added to the resistance of TR1 emitter 
circuit. During the flyback, when TR1 is "switched 
off", the LC and R elements of the circuit tend to 
produce a damped oscillation, as is normal in this 
type of circuit. 

The chief disadvantages of this type of circuit are 
(i) maintaining good stability under all conditions, 
(ii) keeping a low level of crossover distortion and 
(iii) securing good thermal stability. 

In the next article we will look at some of the 
power supply circuits of transistorised television 
receivers, and also consider some aspects of servicing. 

(To be concluded) 

CORRECTIONS 
On page 423 of the January issue ("Single Transistor Impedance Transformer") the calculation for input impedance 

did not take into account the loading effect of the bias network. In consequence, an OC44 with a typical a' of 100 and 
an assumed gain of 0.9 (which may be lower than that given in practice) offers an input impedance in the circuit of 
approximately 400k12. 

Due to a drawing error, the screen grid components for V1 and V2 in Figs. 1 and 2 of "Converting the IM-81/UP 
Standing Wave Indicator" in the January issue are shown as connecting to the control grids. These components are 
shown connected correctly in Fig. 4, and the error does not affect the actual modification. 
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American 
Astronomer 

Visits 
EEV 

During the latter part of 1963 an American astronomer, Dr. William C. Livingston, of the Kitt Peak National 

Observatory, Arizona, made a reciprocal visit to English Electric Valve Company in Chelmsford. 

Earlier in the year Dr. R. L. Beurle, then Chief of Camera Tube Research at EEV, made a special journey to Kitt 

Peak with an EEV Image Intensifier for Dr. Livingston to use in his astronomical studies; it has since proved highly 

successfu I. 

Dr. Livingston has been using the image intensifier, type P829D, in his observations of the light spectra of remote 

bodies in space and some remarkable results have been achieved. 

Exposures of only two minutes, using the P829D, have yielded as much information as exposures of 12 hours with 

the best photographic film. 

Viewing the P829D picture screen with a microscope, Dr. Livingston reports far better resolutions than have so 

far been claimed for this tube. 

The quality of the many spectra recordings made by Dr. Livingston is in no small measure due to the high gain of 

this image intensifier. This has enabled him to use very good quality lenses of modest aperture (around f/5.6) instead 

of wide aperture lenses of inherently inferior quality which would be necessary without the high light gain of the P829D. 

Although the dark current of the P829D is normally of a very low order Dr. Livingston introduced some additional 

cooling to reduce it further and some of his results were sufficiently encouraging to merit further work in this direction. 

Other EEV Image Intensifiers have been used in the U.S.A. with marked success and a further tube is on order from 

Kitt Peak for delivery in the near future. 

Full information on the P829D and others in the series is available on request from EEV. 

Queries. We regret that we are unable to answer queries other than those arising from articles appearing in 

this magazine nor can we advise on modifications to equipment described. Queries should be submitted in writing. 

Correspondence should be addressed to the Editor, Advertising Manager, Subscription Manager or the Publishers, 

as appropriate. 

Opinions expressed by contributors are not necessarily those of the Editor or proprietors. 

Contributions on constructional matters are invited, especially when they describe the building of particular items 

of equipment. Articles should be written on one side of the sheet only and should preferably be typewritten, diagrams 

being on separate sheets. Whether handwritten or typewritten, lines should be double-spaced. Diagrams need not 

be large or perfectly drawn, as our draughtsmen will re -draw in most cases, but all relevant information should be 

included. Photographs should be clear and accompanied by negatives. Details of topical ideas and techniques are 

also welcomed and, if the contributor so wishes, will be re -written by our staff into article form. All contributions 

must be accompanied by a stamped addressed envelope for reply or return, and should bear the sender's name and 

address. Payment is made for all material published. 

Production.-Letterpress/contact litho. 

Published in Great Britain by the Proprietors and Publishers Data Publications Ltd. 57 Maida Vale London W9 

Printed by A. Quick & Co. (Printers) Ltd. Oxford Road Clacton -on -Sea England 
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Publications for the Radio Amateur and Shortwave Listener 
RSGB PUBLICATIONS 

AMATEUR RADIO HANDBOOK. Covers the whole field of Amateur Radio transmission and reception from funda- 
mentals to station operation. Profusely illustrated with 
nearly 700 line diagrams and more than 100 half -tones. 544 
pages bound in maroon buckram linson. Price 36s. 6d. 
post paid in carton. 

RADIO DATA REFERENCE BOOK. Data for the radio 
designer, engineer and amateur presented in the form of 
curves, tables and charts. 136 pages bound in blue buckram 
linson. Price 14s. post paid in carton. 

RADIO AMATEURS' EXAMINATION MANUAL. Covers 
the syllabus of the City and Guilds of London Institute 
examination. Chapters on licence requirements and condi- 
tions, interference, receivers, circuits, calculations, semi- 
conductors, aerials and propagation. Essential reading for 
those wishing to obtain the Amateur (Sound) Licence. More 
than 50 line diagrams. 60 pages. Price 5s. 6d. post paid. 

RSGB AMATEUR RADIO CALL BOOK. The most 
accurate and comprehensive list of amateur fixed and mobile stations in the United Kingdom and the Republic of Ireland. 
88 pages. New 1964 Edition. Price 5s. post paid. 

A GUIDE TO AMATEUR RADIO. Provides the new- comer to Amateur Radio with basic information on receivers, 
transmitters, and aerials. Explains how to obtain an amateur 
transmitting licence. Well illustrated, 80 pages. New Tenth Edition. Price 4s. post paid. 

THE MORSE CODE FOR RADIO AMATEURS. A 
carefully graded selection of exercises designed to make learning the Morse code as simple as possible. 24 pages. 
Price ls. 9d. post paid. 

COMMUNICATION RECEIVERS. A reprint in booklet form of the series of articles by G. R. B. Thornley originally 
published in the RSGB BULLETIN. The G2DAF high per- 
formance communication receiver is described in detail. 
32 pages. Price 3s. post paid. 

SERVICE VALVE EQUIVALENTS. Lists the commercial 
equivalents of all CV numbered valves, cathode ray tubes and semiconductors useful to the radio amateur and home constructor. Equivalents of British Army, Royal Navy, 
Royal Air Force and U.S. Signal' Corps valves are also given. Pocket size. 48 pages. Price 3s. 6d. post paid. 

AMERICAN PUBLICATIONS 
ARRL RADIO AMATEURS' HANDBOOK, 1964. One 
of the best-known textbooks for the amateur written from 
the American point of view. Includes a table giving details 
of many U.S. valves. Price 38s. 6d. post paid. 
UNDERSTANDING AMATEUR RADIO. A new ARRL 
publication containing down-to-earth information on circuit 
design, construction of receivers, transmitters, aerials and 
accessories, testing and adjustment. Sixteen easily under- 
stood chapters. 313 pages plus six -page index. Price 18s. 
post paid. 
RTTY HANDBOOK. A new edition of the well-known 
CQ publication by Byron Kretzman, W2JTP. A valuable 
textbook for both the beginning and experienced RTTY'er. 
191 pages. Price 30s. post paid. 
CQ NEW SIDEBAND HANDBOOK. The fundamentals 
of single and double sideband suppressed carrier transmission 
with many practical designs. Details of a number of com- 
mercial equipments are given. 232 pages. Price 25s. 6d. 
post paid. 
SINGLE SIDEBAND FOR THE RADIO AMATEUR. 
Outstanding articles from QST on all aspects of s.s.b. trans- 
mission and reception. 224 pages. Price 18s. 6d. post paid. 
MOBILE MANUAL FOR RADIO AMATEURS. A 
selection of articles from QST on mobile operation -trans- 
mission, reception, aerials, noise suppression, power sup- 
plies. 282 pages. Price 25s. post paid. 
CQ MOBILE HANDBOOK. By Bill Orr, W6SAI. Chapters 
devoted to car ignition systems, power supplies, receivers, 
transmitters, aerials, s.s.b. equipment, noise problems and 
test equipment. 240 pages. Price 24s. 6d. post paid. 
ARRL ANTENNA BOOK. Probably the best-known text- 
book on aerial systems for the amateur station. 320 pages. Price 18s. 6d. post paid. 
CQ ANTHOLOGY 1952-1959. More than 75 articles 
published in CQ during the years 1952-1959. 256 pages. 
Price 23s. post paid. 
HINTS AND KINKS, Volume 6. A further selection of 
helpful ideas from QST's long -running feature. 128 pages. 
Price 10s. 6d. post paid. 
SURPLUS SCHEMATICS. Circuit diagrams for more than 90 popular American surplus equipments. A useful addition to any club library. A CQ publication. 1 l 1 pages. Price 19s. 6d. post paid. 

OBTAINABLE FROM LEADING BOOKSELLERS OR IN CASE OF DIFFICULTY 
DIRECT FROM THE SOCIETY AT THE ADDRESS BELOW 

AMERICAN MAGAZINE SUBSCRIPTIONS 
QST, Journal of the American Radio 
Relay League. Devoted entirely to 
Amateur Radio. Monthly, direct from 
U.S.A. Price 43s. M. p.a. 

CQ, the Radio Amateur's Journal. 
Covers the whole field of Amateur 
Radio. Monthly, direct from U.S.A. 
Price 44s. p.a. 

73 Magazine. Almost exclusively tech- 
nical and constructional articles. 
Monthly, direct from U.S.A. Price 
28s. 6d. p.a. 

MEMBERSHIP OF THE RSGB 
A leaflet giving details of the aims and activities of the RSGB 

and the benefits of membership is available on request. 

RADIO SOCIETY OF GREAT BRITAIN, BOOK DEPT. 
28 LITTLE RUSSELL STREET, LONDON, W.C.1 
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LATEST HIGH QUALITY COMPONENTS FROM THE MAXI -Q RANGE .. . 

TESTED AND TRIED OVER 5 FREQUENCY RANGES 

DUAL PURPOSE 
COILS 

Coils for transistor superhets or converters, with or without an R.F. 
stage and using 465 kc/s or 1.6 Mc/s I.F. 

* Noval B9A Based for Plug-in application-Screw threaded 
Chassis application. 

* Formers moulded in low -loss polystyrene for best results. 
* Each coil is packed in an aluminium container which may be used 

as a screening can. 
* Brass threaded adjustable iron -dust cores. 

The following colour code identifies the coils: 
BLUE-Aerial coil with base input winding. YELLOW-Interstage R.F. coil with couplings. 
RED-Oscillator coil for 465 kc/s I.F. WHITE-Oscillator coil for 1.6 Mc/s I.F. 

PRICE 4/9 each. 
Coverages: Range 1T-.15/.4 Mc/s; 2T-.515/1.545 Mc/s; 3T-1.67/5.3 Mc/s; 4T-5/15 Mc/s; 5T-10.5/31.5 Mc/s. 

Full technical details now included in Technical Bulletin DTB.4-1/6d. 
IFT.13 Miniature 465 kc/s I.F. Transformer .. 7/6d. each GENERAL CATALOGUE covering full 
IFT.14 Miniature 465 kc/s Last I.F. Transformer 7/6d. each range of components send 1/6d. in stamps. 
IFT.16 Miniature 1.6 Mc/s I.F. Transformer .. 6/6d. each PLEASE SEND S.A.E. WITH ALL 
IFT.17 Miniature 1.6 Mc/s Last I.F. Transformer 6/6d. each OTHER ENQUIRIES. 
DENCO (CLACTON) LTD (DEPT. R.C.) 357/9 Old Road Clacton -on -Sea Essex 

... Your Career 

FOR... Your Own Business 

... An Absorbing Hobby 

LEADS THE WORLD 
IN ELECTRONICS TRAINING 

MARCH 1964 

ANElY--PRACT/CAL IyAY 
of UNDEAS'TANUNG 

RADIO TELEVISION ELECTRONICS 
Including: Transistors; VHF/FM: Hi-Fi Equipment; 
Computers; Servo-Mechs. Test Instruments; Photo- 
electrics; Nucleonics; etc. 
Radiostructor-an organisation specialising in 
electronic training systems-offers a new self - 
instructional method using specially designed 
equipment on a "do-it-yourself" basis. You 
learn by building actual equipment with the 
big kits of components which we send you. 
You advance by simple steps, performing a 
whole series of interesting and instructive 
experiments-with no complicated mathe- 
matics! Instructional manuals employ the 
latest techniques for showing the full story 
of electronics in a practical and interesting 
way-in fact, you really have fun whilst 
learning! 

POST NOW 
To RADIOSTRUCTOR (Dept. G149), READING, BERKS. 

Please send brochure, without obligation, to: 

Name ......... 

*Add ress ... 

(We do not employ representatives) *Block Caps Please 
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Inside every copy of 
PRACTICAL 

1= Double - 
Ended 

TRIMMER 
TOOLS for 

complete 

Receiver Alignment 

Specially designed to adjust all standard coil cores 
and trimmers, this invaluable set of Trimmer Tools 
is a must - and it's FREE inside the April 
PRACTICAL WIRELESS. 

Also in the April issue: 
RECEIVER ALIGNMENT EXPLAINED 

BUILD A TRANSISTORISED AF AND RF OSCILLATOR 
for receiver alignment and testing 

ApRrL 

WIRELESS 
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JACKSON 
the big name in PRECISION components 

Precision built radio components are an 

important contribution to the radio and 

communications industry. 

SL 16 

DRIVE 

A general purpose slide rule Drive for F.M./V.H.F. 
Units, short-wave converters, etc. Printed in two 
colours on aluminium, with a 0-100 scale and provision 
is made for individual calibrations. Complete with 
bronze escutcheon and glass. 

It's reliable if it's made by JACKSON I 

JACKSON BROS. (LONDON) LTD. 
Dept. R.S., Kingsway-Waddon, Croydon, Surrey 

Telephone Croydon 2754-5 

Telegrams Walfilco, Souphone, London 

AN OM) PRODUCT 

Anatomy of a 

Superior 

Soldering Iron 
The Solon range of electric solder- 

ing irons includes 15 and 25 watt 

models for radio, TV and electronic 

equipment; 65 watt models for 

household and workshop use. Larger 

models up to 240 watt also available. 

Select a 

OL 
TRADE MARK 

Used in industry for over 30 years 

Obtainable from your usual radio or electrical supplier 

6 ft. flexible 

lead with 

ccrdgrip 

Heats up 

from cold 

in 2+ mins. 

Will give 

a lifetime 

of service 

25 watt 

model for 

radio work 

Heat 

concentrated 

in bit 

L 

1000V1 1000V / 250V 250V 

1`QG 
100V 'with the' 1001i 

25VIK 

10V- 

2 -5V 

' x 1 performance %.1A 

04, X600 a i 10mA 

"lee / -I mA ImA c, 
12" 

MULTIMINORlia 
The newly improved model of this famous AVO pocket size multi -range 

instrument has been enthusiastically 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 a 2} 
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:O-2MS2 in 2 ranges, using 1.5V cell 

SENSITIVITY: 10,00052/V on d.c. voltage ranges 

1,0000/V on a.c. voltage ranges 

0 ITD 

/7>rc 

to send you a full 
specification of this 
great little instru- 
ment. It measures 
only 7f" x 4" x 1 }" 
and weighs only 24 oz. 

A.S.E.E. Exhibition 
Stand N6 

Earls Court ' March 18-25 

AVOCET HOUSE 92.96 VAUXHALL BRIDGE ROAD 

LONDON SWI Telephone: VICtoria 3404 (12 lines) 

13140E MM 19 

r 
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UNDERSTANDING 
m m FI 

-m s - - - i i i i - 
_ t I ! i 1 R 

1 t _ _ - f a s t-i 
maw 1---a- - . . _ _ 

512 pages By J. R. DAVIES 37'6 
Deals with the principles of 625 line reception as fully as 405 line reception, explains in detail: the 

nature of the television signal; the cathode ray tube; receiver tuner units; receiver i.f. amplifiers; a.f. and 
video amplifiers; vertical and horizontal timebases; deflector coil assemblies; synchronising; automatic gain 
and contrast control; power supplies and receiver aerials. Comprehensive introduction to colour television. 

The original material for this book appeared in The Radio Constructor as a series of articles under the 
same title, now completely revised and brought up to date by the author. In addition the recently concluded "Introduction to Colour Television" articles have been added. 

A typical letter concerning the series recently received said: "I am glad to say I have just recently 
succeeded in getting the City and Guilds R.T.E.B. final certificate and I would just like to put on record that 
I found the 'Understanding Television' series, of which I have the complete set, a great help to me during 
my swotting. The explanations and circuit diagrams made many things clear to me which other sources 
had not. Altogether I found 'Understanding Television' a complete TV course in itself."-W. D. Graham, 
Prestwick, Ayrshire. 2.1.64 

The reader is required to have only a basic knowledge of elementary radio principles. The treatment 
is non -mathematical, and there is no necessity for any previous experience in television whatsoever. At 
the same time, "Understanding Television" is of equal value to the established engineer because of the 
very extensive range it covers. 

Overall format 8/ x 5i in. Hard covers (Fabroleen) in saxe blue. Gold blocking on both spine and 
face. Varnished dust jacket in dark and light blue. 

To Data Publications Ltd., 57 Maida Vale, London, W9 
Please supply copy(ies) of your latest publication "Understanding Television", Data Book 

No. 17. Price 37/6. Postage 2/-. 

NAME 

ADDRESS 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word. Minimum charge 12/-. 

Box No. 2/- extra. 

Advertisements must be prepaid and all copy must 
be received by the 4th of the month for insertion 
in the following month's issue. The Publishers 
cannot be held liable in any way for printing errors 
or omissions, nor can they accept responsibility for 
the bona fides of advertisers. (Replies to Box 
numbers should be addressed to: Box No. -, The 
Radio Constructor, 57 Maida Vale, London, W.9.) 

DIRECT TV REPLACEMENTS LTD. Largest stockists 
of TV components in the U.K. Line output trans- 
formers, Frame output transformers, Deflector coils 
for most makes. Official sole suppliers for many 
set makers. Same day despatch service. Terms 
C.O.D. or C.W.O. Send S.A.E. for quotes. Day and 
night telephone: Gipsy Hill 6166.-126 Hamilton 
Road, West Norwood, London, S.E.27, 

THE INCORPORATED PRACTITIONERS IN 
RADIO AND ELECTRONICS (LP.R.E.) LTD. 
Membership conditions booklet ls. Sample copy of 
I.P.R.E. Official Journal 2s. post free.-Dept. D, 
Secretary, 32 Kidmore Road, Caversham, Reading, 
Berkshire. 

SERVICE SHEETS for all makes Radio/TV, 1925-1963. 
Prices from ls. with free fault-finding guide. Catalogue 
6,000 models, ls. 6d. S.A.E. enquiries. All types of 
modern/obsolete valves. Books. Components. S.A.E. 
lists.-Hamilton Radio, 13 Western Road, St. Leon- 
ards, Sussex. 

CATALOGUE No. 15. Government surplus electrical 
and radio equipment. Hundreds of items at bargain 
prices for the experimenter and research engineer, 
2s. 6d. post free. Catalogue cost refunded on purchase 
of 50s.-Arthur Sallis Radio Control Ltd., 93 North 
Road, Brighton. 

S.E.S. SERVICE SHEETS for all TV, Radio, including 
transistors, tape recorders, echo units, amplifiers, 
record players, autochangers, etc. Also various 
domestic appliances. List ls. S.A.E. Mail order 
only.-Sun Electrical Services, 38 St. George's Road, 
Hastings. 

IF YOU ARE a self employed TV Service Engineer 
wishing to increase your profits by at least 25 % and 
receive free technical information, send s.a.e. for 
details to-Box No. F194. 

BRAND NEW Standing Wave Indicators IM-81/UP 
with instructions. Described in Radio Constructor, 
January 1964, £5, P.P. 15s.-EWS Co., 69 Church 
Road, Moseley, Birmingham. Letters only. 

TRANSISTORS 100% Red or White Spots, ls. each. 
0C44/5, OC71, 0081, 3s. 6d. each; 0C170, 0C171, 
AF117, 4s. each; OC26, 10s. each. 1,001 other snips. 
S.A.E. list.-Cursons, 78 Broad Street, Canterbury, 
Kent. 

FIND TV SET TROUBLES IN MINUTES from that 
great book The Principles of TV Receiver Servicing, 
10s. 6d., all book houses and radio wholesalers. If not 
in stock, from-Dept. D, Secretary, 32 Kidmore 
Road, Caversham, Reading, Berkshire. 

LOUDSPEAKERS GALORE! 50 only, 6 inch elliptical, 
reclaimed in 100% perfection. C.W.O., 7s. 6d., 
P. & P., 2s.-Dept. RC1, Telewise, 40 Holloway 
Road, Leytonstone, London, E.11. 

continued on page 573 
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BENTLEY ACOUSTIC 
CORPORATION LTD 
38 CHALCOT ROAD CHALK FARM LONDON NW1 

THE VALVE SPECIALISTS Telephone PRIMROSE 9090 
ALL GOODs LISTED BELOW IN STOCK 

0A2 4/6 6/30L2 8/3 AC/TP 18/- EL42 7/6 PY81 5/- MIDGET 
OB2 6/-786 12/6 AZI 5/6 EL8I 8/3 PY82 4/9 SILICON 
OZ4GT 4/3 787 7/- AZ3I 6/6 EL83 6/9 PY83 5/9 RECTIFIERS 
A7GT 7/9 7C5 7/3 AZ4I 6/6 EL84 4/9 PY88 7/9 Mullard 
CS 6/3 7C6 6/9 836 4/9 EL85 7/6 PY800 6/6 BY 100 
G6 6/- 7H7 5/9 BL63 10/6 EL86 7/3 PY801 7/- 
H5GT 7/9 7R7 12/6 CCH35 12/6 EL91 2/6 RIO 26/6 Output 250 
L4 2/3 757 14/6 CL33 II/6 EL95 5/6 R19 6/6 volt at 4. 

LD5 4/- 7Y4 5/- CY3I 5/9 EL360 27/- T4I 9/- amp. No lar 
LN5 4/6 9BW6 9/6 DAF96 5/9 EL820 16/4 TDD4 8/- ger than a 
NSGT 8/6 9D7 7/6 DF66 I5/- ELL80 20/5 TH4I I3/- shirtbuttonl 
R5 4/- 10C1 9/3 DF96 5/9 EM4 17/9 TH233 6/9 7/6 each 
S4 5/- 10C2 12/3 DF97 10/- EM7I 13/6 TP2620 17/6 
S5 3/6 10D2 10/6 DH76 3/6 EM80 6/3 TY86F 11/8 TRANSIS - 
T4 2/3 IOFI I0/- DK40 15/6 EM8I 7/- U12/14 7/6 TORS & 
U4 5/6 IOLDI I 9/6 DK92 6/9 EM84 6/9 U18/20 6/6 DIODES 
1.15 5/3 10P13 8/3 DK96 6/3 EM85 8/9 U19 48/6 

2021 5/6 10P14 11/6 D1_68 15/- EM87 15/2 U22 5/9 AA129 4/6 
2X2 3/- 12A6 2/3 DL96 5/9 EN3I 45/- U24 12/6 AC107 14/6 
3A4 3/9 12AC6 8/6 DLSIO 10/6 EY51 5/9 U25 8/6 ACI27 9/6 
3A5 6/9 12AD6 9/6 DM70 5/- EY8I 7/3 U26 7/3 ADI40 25/- 
387 5/- 12AE6 8/- DY86 7/6 EY83 9/3 U31 6/9 AFI02 27/6 
3D6 3/9 12AH8 9/- E8OF 24/- EY84 9/6 U33 13/6 AFI 14 I1/ - 
3Q4 5/3 12AT6 4/6 E83F 24/- EY86 5/9 U35 16/6 AFI 15 10/6 
3Q5 7/- 12AU6 5/9 E88CC 10/- EY88 8/9 U37 23/3 AFI 16 10/- 
3S4 4/6 12AV6 6/6 EI8OF 19/6 EZ40 5/3 U45 15/6 AFI 17 5/6 
3V4 5/3 12BA6 5/9 EABC80 5/6 EZ41 6/- U76 4/9 AFI 18 20/- 
5R4GY 8/6 1213E6 4/9 EAC91 3/3 EZ80 4/- 0191 9/6 AFI27 9/6 
5T4 7/- 128H7 6/9 EAF42 7/6 EZ8I 4/- U282 12/3 BYZI3 11/6 
5U4G 4/6 1217GT 7/3 EB4I 4/9 GZ32 7/6 U301 11/3 MATIO0 7/9 
5V4G 7/6 I2K5 10/- E891 2/3 GZ33 17/6 U329 9/- MATIOI 8/6 
5Y3GT 4/3 12K7GT 3/6 EBC4I 6/6 GZ34 10/- U403 9/9 MATI20 7/9 
5Z3 7/- I2K8GT 9/- EBC8I 6/- GZ37 14/6 U404 6/- MATI21 8/6 
5Z4G 7/- 12Q7GT 3/6 EBF80 5/6 HABC80 9/3 U801 16/3 OAS 6/- 
6A8G 5/9 12SA7 6/9 EBF83 7/3 HL41 DD 8/6 04020 6/6 GA10 8/- 
6AG5 2/6 12SC7 4/- EBF89 6/3 HL42DD 8/6 UABC80 5/- OA70 3/- 
6AG7 5/9 12SK7 3/- EBL2I 8/- HN309 25/- UAF42 7/- 0A73 3/- 
6AK5 4/9 12SQ7 8/- EC70 4/9 HVR2 8/3 UBC4I 6/3 0A79 3/- 
6AQ5 5/9 1457 19/6 EC8I 27/6 HVR2A 8/9 UBC81 6/3 OA81 3/- 
6AT6 3/9 19AQ5 7/3 EC92 6/6 KT33C 4/- UBF80 5/9 0A85 3/- 
6AU6 5/3 19H I 6/- ECC32 4/- KT36 29/1 UBF89 6/9 0A86 4/- 
6AV6 5/6 20D1 10/- ECC34 21/7 KT4I 7/6 UC92 6/3 OA90 3/- 
688G 2/6 20F2 11/6 ECC35 5/- KT6I 6/9 UCC84 8/9 0A9I 3/- 
6BA6 4/6 20LI 12/6 ECC40 7/- KTW6I 4/9 UCC85 6/3 0A95 3/6 

We require for prompt cash settlement all types of valves, loose or boxed, 
but must be new. Send list of types available for offer by return. 

68E6 4/9 20P1 12/6 ECC81 3/6 KTW62 5/6 UCF80 8/9 OA210 9/6 
6BH6 5/3 20P3 12/- ECC82 4/6 KTW63 5/6 UCH2I 8/3 0A211 13/6 
6816 5/6 20P4 13/6 ECC83 4/6 KT66 12/3 UCH42 7/- OC16W35/- 
68Q7A 7/6 20P5 12/3 ECC84 5/9 KT88 28/- UCH8I 6/6 OCI9 25/- 
68R7 8/6 25A6G 7/6 ECC85 6/3 MHL4 7/6 UCL82 7/9 OC22 23/- 
68R8 8/- 25L6GT 6/- ECC88 I0/- MKT4 17/6 UCL83 8/6 OC23 57/- 
6BW6 6/9 25Z4G 6/6 ECCI8911/6 MU 14 4/6 UF41 6/9 0C25 12/- 
6BW7 5/- 25Z5 7/3 ECC804 16/4 N78 26/- UF42 4/9 0C26 25/6 
6C5 4/- 275U 23/3 ECF80 6/- N339 I5/- UF80 6/3 OC29 25/6 
6C9 10/9 28D7 6/9 ECF82 6/3 PABC80 6/9 UF85 6/9 0C35 I8/- 
6CD6G I8/- 30CI5 9/- ECF86 11/6 PC86 10/3 UF86 9/- 0C36 21/6 
6CH6 5/- 30C18 10/6 ECH2I 9/9 PC88 14/7 UF89 6/- OC41 8/- 
6D3 9 30F5 5/9 ECH35 3 18 PC95 

17/9 
UL4I 6/6 0C42 5- 

FD6 3/- 3OFLI 9/3 ECH42 7/6 PC97 UL44 23/3 0C43 12/6 
6E5 9/6 30FLI2 11/- ECH8I 5/9 PCC84 5/6 UL46 8/6 OC44 8/3 
6FI 9/6 30L15 9/3 ECH83 6/6 PCC85 6/9 UL84 6/- OC44PM11/- 
6F6G 3/9 30P4 12/3 ECH84 9/6 PCC88 10/6 UM4 15/2 OC45 8/- 
6FI3 4/9 30PI2 7/6 ECL80 6/- PCC89 7/9 UM34 16/10 OC45PMI0/- 
6F23 9/- 30P19 12/3 ECL82 7/- PCCI89 10/6 UM80 8/3 0065 22/6 
6F24 9/6 30PLI 8/6 ECL83 9/6 PCF80 5/6 URIC 6/6 OC66 25/- 
6F33 3/6 30PL13 9/6 ECL86 8/9 PCF82 6/3 UU6 9/- OC70 6/6 
6J5G 3/- 30PL14 12/6 EF22 6/6 PCF84 8/6 UU8 11/6 OC71 3/6 
6J6 3/- 35A5 20/9 EF36 3/3 PCF86 7/9 UYIN 10/3 0072 8/- 
617G 4/6 35L6GT 6/9 EF37A 6/6 PCL82 6/6 ÚY21 8/- OC73 I6/- 
6K7G 1/3 35W4 4/9 EF39 3/9 PCL83 7/9 UY4I 4/6 0074 8/- 
6K8G 3/3 35Z3 16/4 EF40 8/9 PCL84 7/- UY85 5/- 0075 13/- 
6K25 24/- 35Z4GT 4/6 EF41 6/9 PCL85 7/6 VP4 14/6 OC76 8/6 
6LI 10/- 35Z5GT 5/9 EF42 4/9 PCL86 8/9 VP4B 20/5 OC77 I2/- 
6L6G 6/6 SOCS 6/6 EF73 5/- PCL88 12/6 VPI3C 7/- OC78 8/- 
6L7GT 4/6 50L6GT 6/3 EF80 3/9 PEN46 4/3 VP23 2/6 OCBI 4/- 
6LI8 10/-52KÚ 14/6 EF83 9/9 PEN383 10/3 VP133 9/9 OC8ID 4/- 
6LD20 5/6 72 6/6 EF85 4/9 PL33 9/- VRI05 5/6 OC82 I0/- 
6N7GT 5/- 77 5/- EF86 6/- PL36 8/- VR150 5/- OC83 6/- 
6P28 11/6 78 4/9 EF89 4/- PL38 16/- W76 3/6 0084 8/- 
6Q70 4/6 80 5/3 EF9I 3/- PL8I 6/9 W81M 5/9 OC139 I2/- 
6R7G 5/9 85A2 8/6 EF92 2/6 PL82 5/3 X41 15/- OCI40 19/- 
6SL7 5/- 90AG 67/6 EF97 11/8 PL83 5/3 X61 6/3 OC170 8/6 
65N7 4/- 90AV 67/6 EF98 I0/- PL84 5/6 X65 5/6 OCI71 9/- 
6U4GT 8/6 90CG 42/- EFI83 7/9 PM84 9/3 X66 7/3 0C200 10/6 
6Ú5G 5/- 90CV 42/- EFI84 7/9 PX4 9/- X76M 9/- OC201 29/- 
6U7G 7/- 90C 1 I6/- EK32 5/9 PX25 8/6 X78 20/6 OC203 I4/- 
6V6G 3/9 15082 16/6 EL32 3/6 PY31 6/6 X79 20/6 OCP71 17/6 
6V6GT 5/6 185BT 34/11 EL33 6/9 PY32 8/6 XH(1.5) 6/6 TS2 12/6 
6X4 3/9 5763 7/6 EL34 9/6 PY33 8/9 Y63 5/- T53 15/- 
6X5 4/6 AC6PEN 4/9 EL4I 7/3 PY80 5/- Z66 7/3 XAI03 15/- 
AII goods new and first grade only, subject to makers' full guarantee. We 
do not sell second-hand goods, manufacturers' rejects or seconds (often des- 
cribed as "new and tested"), nor items from second-hand equipment. Com- 
plete catalogue of over 1,000 valves, also resistors, condensers, metal 
rectifiers, microphones, loudspeakers, etc., with terms of business, 6d. 
Terms of business: Cash with order or C.O.D. only. Post 6d. per item. 
Orders over [3 post free. C.O.D. 3/6 extra. All orders despatched same 
day. C.O.D. orders by telephone accepted for immediate despatch until 
3.30 p.m. Any parcel insured against damage in transit for 6d. extra. We 
are open for personal shoppers 8.30-5.30. Sau. 8.30 a.m.-I p.m. 
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THE MODERN BOOK CO 
World Radio TV Handbook, 1964. 
22s. Postage 1s. 

The Radio Amateur's Handbook. By 
A.R.R.L. 1964 ed. 36s. Postage 2s. 6d. 
Radio and Electronic Hobbies. By 
F. C. Judd. 21s. Postage 1s. 

Learn Electronics by Building. By J. 
Schroeder. 28s. Postage 9d. 

Transistor Radios. Circuitry and Ser- 
vicing. Mullard. 5s. Postage 6d. 
Radio and Television Reference Data. 
By J. P. Hawker. 10s. 6d. Postage 1s. 

Electronics Pocket Book. By J. P. 
Hawker and J. A. Reddihough. 21s. 
Postage 9d. 

Inter -GEC S.C.R. Manual. 12s. Postage1s. 

Understanding Television. By J. R. 
Davies. 37s. 6d. Postage 2s. 

Short Wave Amateur Radio. By J. 
Schaap. 21s. Postage 1s. 

Getting Started with Transistors. By 
L. E. Garner, Jr. 28s. Postage 9d. 

Frequency Divider Organs. By A. 
Douglas. 25s. Postage 9d. 

Radio & Television Test Instruments. 
By G. J. King. 25s. Postage 1s. 3d. 

Service Valve Equivalents. An R.S.G.B. 
Pub. 3s. Postage 6d. 

Radio Valve Data. 7th ed. Compiled 
by "W.W." 6s. Postage 10d. 
A Beginner's Guide to Television. 
8s. 6d. Postage 6d. 

We have the Finest Selection of British and American Radio Books in the Country 
Complete Catalogue 1s. 

19-21 PRAED STREET (Dept RC) LONDON W2 
Telephone PADdington 4185 

i 

EVERYTHING 
FOR THE 

ENTHUSIAST 

GELOSO V.F.O. UNITS. 4/102 I 
with new dial and escutcheon. Out- 
puts on 80, 40, 20, 15 and 10. For 
2-807 or 6146 tubes. Orly 68.13.6. 
3 valves to suit, 24/-. All post free. 1 

FOSTER DYNAMIC MICRO- I 
PHONES. Type DF1 HiZ 50k 
with stand and halter. Excellent 
Quality. Only 52/6, P. & P. 2/-. 

SHADED POLE MOTORS. 
230V or 110V operation. Ideal I 
for fans, blowers or models. I 
Single unit 12/6 plus 2/- P. & P., or pair f1 plus 2/6 P. & P. 

EDDYSTONE VARIABLES. I 
.080 spacing, 3 types 25 x 25pF, 
50 x 50pF and 100pF diff., 10/- each. 
Post free. I 

ABSORPTION WAVE- I 
METERS. 3.00 to 35.00 Mc/s in 3 
switched bands, 3.5, 7, 14, 21 and 1 

28 Mc/s ham bands marked on 
scale. Complete with indicator . 
bulb. A MUST for any hamshack. 
ONLY 22/6. Post free. 

RACK MOUNTING PANELS. 9" x 5f", 7", 8,' or 10+" black 
crackle finish, 5/9, 6/6, 7/6 and 9/ - 
respectively, postage and packing 
2/-. 

BARGAIN TRANSFORMER OFFER 
Made by Parkmeko, half shrouded with screened 
primary. 200-240V. 40mA. 6.3V. 3A. Only 12/6, P. 
& P. 2/6. These are not Ex-W.D. 

METERS. 31" round, 2+" scale, 2 types 0-10mA and 0-100mA. 15/- each. P. & P. 1/6. 0-2.5 amp. Thermo 2:-" round, 7/6 each. 
P. & P. 1/6. 

TRANSMITTING VARIABLES. Type TS805 80pF Split Stator, 80pF per section, .070 spacing, 22/6 each. P. & P. 2/6. 

BANDCHECKER MONITOR. 3.00 to 35.00 Mc/s in 3 Bands. 0-1mA indicator. Very sensitive, 63.13.6. P. & P. 2/6. 
B.I. 8 MFD. 1200V D.C. Wkg. Capacitors, 12/6 each. Post paid. 

SCREENED MICROPHONE CABLE. 1st grade, 9d. yard. Plus postage. 

10 CORE (5 PAIRS) SCREENED CABLE. 1/8 yard. All plus 2/6 P. & P. 

ROTARY TRANSFORMERS. 12V input 490V 65 Ma. output, 17/6 each. P. & P. 3/-. 

FERRITE BEADS for the 5 Band Aerial, 50 for 15/- or 100 for 30/-. Post paid. 

LARGEST RANGE OF MICROPHONES. Crystal and Dynamic, 17/6 to 14 gns. 

AERIAL 

EQUIPMENT 

CHAS. H. YOUNG LTD. 

170-172 
CORPORATION ST. 

BIRMINGHAM 4 

CEN 1653 

TOUGH POLYTHENE LINE. 
Type ML1 (1001b) 2d. per yd. or 
12/6 per 100 yds. Type ML2 
(2201b) 4d. per yd. or 25/- per 
100 yds. Post free. 
COPPER WIRE. 14g. h.d.: 140' 
17/-; 70' 8/6. 
RIBBED GLASS INSULA- 
TORS. 3" 1/9 each. P. & P. 1/6 
up to 12. 
TWIN FEEDER. 300 ohm twin 
ribbon feeder, similar K25, 6d. 
per yd. K35B Telcon (round) 1/6 
per yd. Post on above feeder and 
cable 1/6 any length. 
SUPER AERAXIAL CABLE. 
70 ohm. Very low loss. 1/8 per yd. 
2/- P. & P. 

CERAMIC FEEDER SPREAD- 
ERS. Type F.S. 6" 10d. each. 
P. & P. 2/- up to 12. 
CERAMIC "T" PIECES. Type 
AT for centre of dipoles, 1/6 each. 
P. & P. 1/-. 
NEW MOSLEY POWER 
BEAMS. Write for details. 300 
watt, 50 ohm COAX, ÿs" dia. 
very low loss, 1/9 yd. P. & P. 2/-. 
SHELL INSULATORS. 2" 9d. 
each, 8/- doz. P. & P. 2/- up to 12. 
2 MTR. 5 ELEMENT YAGI 
BEAM. Complete in box, with 
1" to 24" masthead bracket. Price 
49/-. P. & P. 3/6. 
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SMALL ADVERTISEMENTS 

continued from page 571 
FOR DISCERNING ENTHUSIASTS. Prompt service. 

High quality transistor components. Post free over 
10s., otherwise 6d. please. C.W.O. Components 
mentioned in February Radio Constructor: BY100, 
13s.; OAZ210, 7s. 6d.; OC201, 29s.; 0C23, 33s.; 
2G221, 66s.; OC71, 6s. 6d.; 0083, 0A5, 6s.; OC170, 
8s. 6d.; 0C44, 8s. 3d.; 0A70, 0A79, 0A81, 3s.; and 
full range of Mullard, Texas and RCA transistors. 
Mullard Miniature Electrolytics: 25µF 25V, 40µF 
16V, 80µF 6.4V, Is. 5d.; 100µF 16V, 64µF 25V, is. 7d.; 
16µF 10V, 10µF 16V, ls. 8d.; 125µF 25V, 400µF 
6.4V, ls. 9d.. Other electrolytics: 2µF, 16µF, 100µF, 
500µF, 250µF, 15V, 2s. 3d.; 4µF, 8µF, 150V, ls. 6d. 

watt 10% carbon resistors, 4 -id. R53 thermistors, 
21s. Printed circuit board, Id. per square inch. 
Specially recommended: 2G308, quality, low noise, 
audio, 6s. 9d.; 2G414 15dB gain 100 Mc/s, 7s. 6d.; 
40053, 60V, 1 amp., 5 watts, NPN silicon planar (f1 
100 Mc/s), 15s. 6d. Please send s.a.e. for interesting 
lists, and ask for transistor recommendations. -J. 
Williams & Co., 208 Hagley Road, Birmingham 16. 

AMATEUR has wide range of valves and radio and 
television components, all used but perfect. Very 
reasonable prices. Clean copies of The Radio Con- 
structor 1953-63, LP.R.E. Review 1950-63, Practical 
Wireless and Practical Television 1961-63. ls. 6d. per 
copy or offers for lots. Postage extra on all. S.A.E. 
and all enquiries. -Shore, 47 Turreff Avenue, Donning - 
ton, Wellington, Shropshire. 

FOR SALE. Triplett signal generator, metered, 50 kc/s - 
120 Mc/s, stabilised h.t., crystal heterodyne check, 
new condition, £15.-R. Ellis, 32E Abbey Road, 
London, N.W.8. 

FOR SALE. Quantity of new accumulators. Varley 
type VPT 9/17. 2 volt, 11 amps. hrs. at 1 hr. rate. 
Willard Radio -20-2, 2 volt, 5s. each, plus carriage. - 
Box No. F199. 

FOR SALE. Valves. KT66, 12s.; 1625, 7s. 6d.; 
QVO4/7, 12s. 6d.; 5R4GY, 7s. 6d.; 5Y3GT, 3s. 6d.; 
807, 6s.; T20, 7s. 6d.; VR150, 4s. 6d.; 6AT6, 3s.; 
6AG5, 2s. 6d.; 6AG7, 2s. 6d.; 6SK7, 3s.; 6B8, 3s.; 
6SA7, 5s.; EF40, 7s. 6d.; 6131(7, 7s. 6d.; ECC82, 
3s. 6d.; 6BW6, 5s.; EL91, 2s.; EB91, 2s.; EF91, 2s.; 
DL92, 3s. 6d.; EL41, 5s.; EF92, 2s.; 6J6, 2s. 6d. 
-Box No. F200. 

FOR SALE. Partially completed model R/C patrol 
torpedo boat, 40in. in length, 1 lin. beam. "Aerokit" 
kit. Marine Taplin Twin, twin rudders with steering 
motor and throttle control installed. Needs super- 
structure and R/C completing. £25 o.n.o.-Box F201. 

FOR SALE. R107, ten metre converter, two metre and 
television signal generators, power pack. Good 
condition £8. To be collected -Plymouth. -Box 
No. F202. 

PANEL SIGNS TRANSFERS -NEW SERIES. Set 3 

Wording -White. Set 4 Wording -Black. Set 5 

Dials -one large and two medium scales, horizontal 
timing scale, control panels (switches, potentiometers 
and variable capacitors) having white markings on a 
clear background. Set 6 Dials -as in Set 5, but the 
control panels have white markings on a black back- 
ground. All sets 4s. 6d. each, postage 3d. Limited 
supply of Set 2 of the old series (Test Equipment - 
scales, control panels and some white wording) still 
available, price 3s. 6d., postage 3d. 
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RETURN -OF -POST 
SERVICE 

ON CASH OR C.O.D. ORDERS 

LATEST TEST METERS Hire Purchase 
Cash Price Deposit Mthly Pmts. 

AVO Model 8, Mark II ... ... £24. 0.0 64.16.0 12 of £1.15. 2 
AVO Model 7, Mark 11 ... ... £21. 0.0 £4. 4.0 12 of £1.10.10 
AVO Multiminor Mark IV ... £9.10.0 £1.18.0 12 of 14/4 
T.M.K. TPIO ... ... ... £3.19.6 £1. 3.6 3 of £I. 2. 0 
T.M.K. TP5S .. . ... ... £5.19.6 £1.15.6 3 of £1.11. 4 
T.M.K. Model 500 ... ... £8.19.6 £1.15.6 12 of 13/8 
TAYLOR Model 127A ... 610.10.0 f2. 2.0 12 of 15/8 
Full details of any of the above supplied free on request. The AVO Models 
7 and 8 ore both latest models from current production -not to be confused 
with Government surplus. 

GRAMOPHONE EQUIPMENT 
ALL LATEST MODELS 
ALL POST FREE 

RECORD 
GARRARD AUTOSLIM 

Hire Purchase 
Cash Price Deposit Mthly Pmts. 

CHANGERS 

(Mono PU) £6.17.6 £I.12.6 6 of £1. 0. 0 
GARRARD AUTOSLIM 

De -luxe AT6 (Mono PU) ... LI1. 9.0 £2. 6.0 12 of 16/11 
GARRARD AUTOSLIM 

AT6 (Stereo/Mono PU) ... £I2. 5.4 £2. 9.4 12 of 18/- 
B.S.R. UAI4 (TC8 Mono PU) ... £6.15.0 £1.10.0 6 of E1. 0. 0 
B.S.R. UAI4 Monarch 

(TC8S Stereo/LP/78) ... £7.15.0 £1.18.0 6 of £1. 2. 0 
(TC8 B.S.R. UA15 C8 Mono PU) 67.15.0 61.18.0 6 of EL 2. 0 

B.S.R. UAIS Stereo/LP/78) £8.15.0 £2. 6.0 6 of £1. 4. 0 
SINGLE RECORD PLAYERS 

B.S.R. TU12 (TC8 Mono PU) ... £4. 1.3 £1. 5.3 3 of £1. 2. 0 
B.S.R. GU7 (TC8 Mono PU) .. £4.18.8 EI. 8.8 3 of £1. 6. 8 
GARRARD SRPIO (Mono PU) .. 65.9.11 £1.12.11 3 of £1. 9. 0 

TRANSCRIPTION UNITS 
GARRARD 4HF (GCB PU) ... 616.12.6 E3. 6.6 12 of LI. 4. 5 
PHILIPS AG1016 (S/M PU) 612.12.0 62.10.0 12 of 18/6 
Many of the above can be supplied for stereo working. See our Gramo- 
phone Equipment List for details. 

TAPE RECORDING EQUIPMENT 
TAPE DECKS Hire Purchase 

ALL CARRIAGE FREE Cash Price Deposit Mthly Pmts. 
COLLARO STUDIO. Latest 

model. Two track. Brad- 
matic Heads .. .. ... 610.19.6 £2. 3.6 12 of 16/4 

Four Track, Marriott Heads ... £17.17.0 £3.12.0 12 of EI. 6. 2 
MARTIN TAPE AMPLIFIER KITS 

Tape Amplifiers 
For Collard 8311-V 2 -Track 611.11.0 8311-4-V 4 -Track £12.12.0 
Tape Pre -Amplifiers 
For Collard 83I2-CP 2 -Track £8. 8.0 8312-4-CP 4 -Track O. 9.0 
Drop through assembly for mounting 8312 Pre -Amp under Collard 

Deck, £1.11.6 
Carrying Cases with speaker. For Collaro Deck and 8311 Amplifier, 

65.5.0 
H.P. TERMS available on decks, amplifiers and cases. Ask for quote. 

MULLARD TAPE PRE -AMPLIFIER KIT 
We stock complete kits and all separate components for the Mullard 
Tape Pre -Amplifier. Fully detailed list available. 

JASON F.M. TUNERS 
W stock all parts needed for the construction of these excellent tuners. 
All parts can be supplied separately but we can offer attractive reductions 
in price if all items are purchased at same time as follows: 
FMTI ... ... £6.12.6 FMT2 (less power) ... 67.15.0 
FMT2 (with power) £9.12.6 FMT3 (less power) ... 69. 9.6 
FMT3 (with power) Lis. 7.6 Mercury 2 ,... ... £10.14.6 
JTV/2 ... .. £14.12.6 
Hire Purchase Terms available. Ask for list. 

AMPLIFIER KITS 
We have full stocks of all components for 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. 
Instruction Manual: All Mullard Audio Circuits in "Circuits for Audio 
Amplifiers", 9/5. Post Free. 

MARTIN AUDIO KITS 
High quality Transistor Amplifying Equipment. Following units now 
available: Input Selector Unit 62.7.6; Pre -Amplifier with Volume Con- 
trol 61.17.6; Mixer Unit 63.19.6; Pre -Amplifier with Tone Control 
£3.2.6; 10 watt Main Amplifier £5.12.6; Power Supply Unit 62.12.6. 
Fully detailed literature available. 
H.P. Terms on any combination of units -ask for quotation. 

ILLUSTRATED LISTS 
Illustrated lists are available on LOUDSPEAKERS, TAPE DECKS, TEST 
GEAR, GRAMOPHONE EQUIPMENT, AMPLIFIERS. Any will be sent 
free upon request. 

WATTS RADIO (o DER) LTD 
54 CHURCH STREET WEYBRIDGE SURREY 

Telephone Weybridge 47556 
Please note: Postal business only from this address 

Callers welcome by appointment 
TERMS OF BUSINESS Cash with order or C.O.D. We charge 

C.O.D. orders as follows: Up to E5 minimum of 4/2. Over E5 and under 
E10, 2/8. Over E10, no charge. Postage extra on CASH orders 
under £5 except where stated. Postage extra on overseas orders 
i pective of price. 

HIRE PURCHASE TERMS available on many items. Send for 
quotation. 
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An Exciting New Project ! 

BUILD 
a complete 

TRANSISTORISED 

C.C.TV CAMERA ! 
Buy it and build it in easy stages with the famous BEUKITS-Kit No. 1 

£18.17.6. Spec., principles of vidicon tube, scanning assembly and optical 
system diagram. Kit No. 2 £16.10.0. Printed circuit board and assoc. 
components, circuit, diagram, layout instructions and Manual. Kit No. 3 
£8.0.0. All transistors and semi -conductors. Kit No. 4 £6.0.0. All 
metal work. Plus 7/6 P. & P. for each kit. (Kits cannot be split. Inst. 
Manual cannot be supplied separately). 

...and get the most out of it 
with a genuine 

BEUKIT' 
As specified by Radio Constructor. 
Also available factory assembled and tested, with vidicon, less lens, 69 gns.; 
or with lens and vidicon, 79 gns. Lens with fixed iris £11. 10667M Vidicon 
Tube £12. Free literature from: 
BEULAH ELECTRONICS DEPT.R.C., 126 HAMILTON ROAD, 
WEST NORWOOD, LONDON, S.E.27. Telephone GIP 6166 (PBX) 

and now 

OMOR 
PRICE LISTS & INFORMATION ON 

Various Designs in 

Practical Radio Wireless R,S,G,B, 
Wireless Constructor World Bulletin 

KINDLY NOTE 
CHANGE OF ADDRESS 

OSMOR 
FACTORY AND OFFICES 

540 PURLEY WAY 
(Near Airport) 

CROYDON, SURREY 
Telephone: CRO 5148/9 

MARTIN AUDIOKITS 

A NEW AND VERSATILE 

BUILDING TECHNIQUE 
IN TRANSISTORISED III -FI 

FOR TAPE 
ENTHUSIASTS 
MARTIN RECORDA - 
KITS enable you to build 

complete quality recorder 
or pre -amp for use between 
deck and hi-fi installation. 
These kits hove won un- 
stinted praise in the tech- 
nical press for their value, 
design and efficiency. 

With these kits, you can build a transistorised hi-fi 
assembly and then enlarge it by adding further Martin 
Audiokits. At the same time, you go on using the equip- 
ment with which you started. Should you change to a 
quite different type of pick-up, for example, you can 
match your existing Audiokit to it instantly and thereby 
save pounds. If you choose to convert to stereo, you 
can double the entire system quite simply whilst retaining 
much of the original material. Connections are standard- 
ised throughout, using printed circuit boards for which 
front escutcheon plates are available according to the 
combination of units selected. Kits are complete down 
to the last detail and include modern style knobs, full 
instructions, etc. 

TRADE ENQUIRIES INVITED 

MARTIN ELECTRONICS LTD 
154-155 HIGH STREET, 
BRENTFORD, MIDDLESEX 
Telephone ISL 5885/1161 

UNIT 
UNIT 
UNIT 

UNIT 

UNIT 
UNIT 

UNIT 4 
PRE -AMP & TONE 
CONTROL 

1 5 stage matching input selector 
2 Pre -amp and master volume control 
3 3 -Channel mixer 

Plug-in adaptors for same, each 
4 Combined pre -amp and tone 

controls 
5 10 watt amplifier .. 
6 Mains power supply unit .. 

I MARTIN ELECTRONICS 

1 

Details of your Audiokits please 
Details of your Recordakits please 

1 Name 
IAddress ... 

RC.3L 
MO 

......_....._......... _ ..................... 

£2. 7.6. 
£1.17.6. 
£3.19.6. 

8.6. 

£3. 2.6. 
£5.12.6. 
£2.12.6. 
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SMALL ADVERTISEMENTS 

continued from page 573 
JOIN THE INTERNATIONAL S.W. LEAGUE. Free 

Services to members including Q.S.L. Bureau. 
Amateur and Broadcast Translation. Technical and 
Identification Dept.-both Broadcast and Fixed 
Stations, DX Certificates, contests and activities for 
the SWL and transmitting members. Monthy maga- 
zine, Monitor, containing articles of general interest 
to Broadcast and Amateur SWLs, Transmitter 
Section and League affairs, etc. League supplies 
such as badges, headed notepaper and envelopes. 
QSL cards, etc., are available at reasonable cost. 
Send for League particulars. Membership including 
monthly magazine, etc., 21s. per annum.-Secretary, 
ISWL, 12 Gladwell Road, London, N.8. 

THE INTERNATIONAL HAM HOP CLUB is a 
non -profit -making organisation open to RADIO 
AMATEURS AND SHORT WAVE LISTENERS. OBJECT: 
to improve international relationships through an 
organised system of hospitality. MEMBERS offer 
overnight hospitality to visiting members, subscription 
10s. per annum. ASSOCIATE MEMBERS invite radio 
amateurs to visit their stations. Associate membership 
5s. per annum. FAMILY EXCHANGE holidays arranged, 
also FRIENDSHIP LINKS between radio clubs. The 
Club's official journal is free to both Full and Associate 
Members.-Hon. Gen. Secretary: G. A. Partridge, 
G3CED, 17 Ethel Road, Broadstairs, Kent. 

SITUATIONS VACANT 

CENTRAL ELECTRICITY GENERATING BOARD 

West Thurrock Generating Station 
Grays, Essex 

REQUIRED : 

INSTRUMENT MECHANICS 
Rate of pay £13.7.10 per week and as from 
1.2.64, £13.16.8 per week for a 42 -hour 5 -day 
week. Plus an addition of 8/- per week after 
2 years service. 
Rented housing may be available. 
Apply in writing stating age, present position 
and previous experience to 

The Station Superintendent, 
West Thurrock Generating Station, 
Stone Ness Road, 
Grays, Essex. 

Transistor Electronic Organ 
Entertaining Educational Musical 

Low priced, high quality, self-contained.' 
Battery operated. Built-in loudspeaker. 
100mW o.p. 
Easy point to point wiring instructions. 
Gold contacts. Perspex black & white keys. 
Two octave range. Pleasant tone. Can be 

connected to external 
power amplifier for dance 
hall volume. 
Size : I l" long x 6" deep 
x 3" high. * Add-on Tremolo Unit (12 c.p.s.) Converts the organ to produce a rich 

pipe organ effect. Can also be used for Guit r, etc. A A / Plus 
Parts and instructions 1 7 2/- P.P. * 3 Watt Transistor Amplifier Unit Ready built amplifier to increase 

volume of organ, or to drive larger loudspeaker. Plus 
Can also be used for transistor radio, crystal set, etc. 7S/- 2/6 P.P. 

8 * Mains Unit Replaces batteries for above organ, Q Plus 
amplifier, etc. U/- 3/- P.P. 

S.A.E. FOR FURTHER DETAILS TRADE ENQUIRIES INVITED 
m.d.c. SONICS, 43 Rushall Manor Road, Walsall, Staffs 

Complete Kit of Parts 7A 16 Plus 2/6 
and instructions Ar I p. & p. 

Special tuning parts 19/6 extra 

FANTASTIC BARGAIN OFFER ! 

ELECTRIC 
SOLDERING IRON 
Lightweight Pistol Grip handle. 40 watt. 240/ 
250v. A.C. Solid copper bit. Detachable handle 
forms cover for iron when not in use. With 4+ ft. 
Safety 3 -core flex. Indispensable for every home 
handyman. A boon to model makers and a neces- 
sity for every wireless enthusiast. Offered to you 
at this new amazing price. 

C. H. SERVICE (Dept. RC.3) 
LUSTED HALL LANE TATSFIELD KENT 

ONLY 

9'6 
P. & P. f/ - 

MORSE 

Train by the well-known 
CANDLER System 
of world-wide reputation 

YOU TOO CAN BECOME A SKILLED OPERATOR 
Learn in your spare time and combine pleasure with success 

Special course for Amateur Transmitting 
Licence. Also courses for Operators 

Send 3d. stamp for details: The CANDLER SYSTEM CO 

Dept. RC, 52b ABINGDON ROAD, LONDON, W.8 
Candler System Co., Denver, Colorado, U.S.A. 

PANL 
BLACK CRACKLE PAINT 

Give your metalwork a really professional finish. 
Easily applied by brush. Air drying. 

Available by post from 

THE BRUCE MILLER CO. LTD 
249 COASTAL CHAMBERS 

BUCKINGHAM PALACE ROAD SW1 

4/- per } pint can which includes application 
instructions, postage and packing 
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CHASSIS 
and 

CASES by 
=EfßGVGkRE=ROÄD 

287/9 Edgware Road 
London W2 

TELEPHONE 

PADdington 5891/7595 

ALUMINIUM, 
CASES 

Type W 
SILVER HAMMERED FINISH 

Type Size Price Type Size Price 
U 4x4x4"* 9/6 Y 8x6x6" 25/- 
U 5fx4}x4}" 14/6 Y 12x7x7" 39/- 
U 8x6x6" 20/- Y 13x7x9" 44!- 
U 15x9x9" 42/6 Y 15x9x7" 46/- 
W 8x6x6" 19/6 Z 17x10x9" 63/- 
W 12x7x7" 32/6 Z 19x10x8f" 67/6 
W 15x9x8" 42/- * Height 

Type Z has removable back and front panels. 
Type Y all -screwed construction. 

-Type Y 

Type Z 

/ Type U 

1 

BLANK CHASSIS-Same Day Service 
Of over 20 different forms made up to YOUR SIZE. 
Order EXACT SIZE you require to nearest 1/16th. 

(Maximum length 35", depth 4".) 
Specials dealt with promptly. 

SEND FOR ILLUSTRATED LEAFLETS 
or order straight away, working out total area of ma- 
terial required and referring to table below which is for 
four-sided chassis in 18 s.w.g. (for 16 s.w.g. add 1/6th). 
48 sq. in. 4/- 176 sq. in. 8/- 304 sq. in. 12/- 
80 sq. in. 5/- 208 sq. in. 9/- 336 sq. in. 13/- 

112 sq. in. '6/- 240 sq. in. 10/- 368 sq. in. 14/- 
144 sq. in. 7/- 272 sq. in. 11/- and pro rata 

P. & P. 2/6 P. & P. 2/9 P. & P. 3/ - 
Discounts for quantities. Finishes arranged for 

quantities of 25 or over. 
FLANGES (f" or f"), 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS 
Any size up to 3fc at 4/6 sq. ft. 18 s.w.g. (16 s.w.g. 5/3). 
%us postage and packing (orders over £2 Post Free). 

The thrills of VHF Amateur Radio can now be yours for 
as low as 39/61-complete kit (by post 2/6 extra)-tuneable 
range, 70-150 Mc/s. Write today for interesting literature, s.a.e. 
please. If a newcomer to Short -Wave radio, ask for a free copy 
of world-famous "Globe -King" S.W. kits and other receivers. 
Home and Overseas Sales. 

Johnsons (Radio) St. Martin's Gate Worcester 

Quality Components FOR CONSTRUCTORS 
capacitors, resistors, coils, valves, transistors, controls, 
chassis, transformers, speakers, pick-ups, cartridges, 
stylii, and all types of components in stock. 

CATALOGUE AVAILABLE ON REQUEST 

J. T. FILMER 
82 DARTFORD ROAD 
DARTFORD KENT 
Telephone Dartford 24057 

KING TELEBOOSTER 
LOWEST NOISE dual band amplifier currently available. 
SPECIFICALLY DESIGNED for simultaneous boosting on any two 
channels in Bands I and Ill. (Booster also available for the FM Band) 
HIGH RELIABILITY transistorised printed circuit insert. 
SELF CONTAINED in plastic case 3f" x 3}" x 2". Just plug between 
aerial and set and switch on. No mains connections. 
GUARANTEED effectively to boost transmitter power at the set, 
eliminating entirely or reducing significantly snowy TV pictures in 
fringe areas. 

SPECIFICATIONS 
Gain: Typically 18dB Band I & 16/ 18dB Band III(Note improved Band III gain) 
Bandwidth: Approx. 10 Mc/s I dB. 
Noise Figure:Typically 4dB Band Ill 
Channels: Any one in Band I plus any one in Band Ill 
Power Requirements: 9V at approximately I}mA (internal PP4 battery) 
Price: 75/6 with battery. (P. & P. 2/6 extra). 

Please state B.B.C. and I.T.V. channels required. 
From: GORDON J. KING LTD 6 New Road Brixham Devon 

Telephone Brixham 2304 

NYLON P.T.F.E. 
ROD BAR SHEET TUBE STRIP WIRE 

No quantity too small List on application 
BRASS COPPER BRONZE ALUMINIUM LIGHT ALLOYS 

STAINLESS STEEL 

H. ROLLET & CO LTD 
HOWIE STREET, LONDON, S.W.11 BATtersea 7872 

Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow 

Amateurs, Short Wave Listeners 

GM3XYZ 
Your call sign in black plastic lettering 
on an orange or yellow plastic base. 
Attractive and distinctive, an ideal gift. 
Size 6" long by 1'-s" high. When ordering 
state call sign desired and base colour 
preference. Only 11/6 post paid. 

Burke Electronics, 6 Belgrave Terrace, Glasgow, W.2, Scotland 

YOUR CAREER IN RADIO ? 
Big opportunities and big money await the qualified man in 
every field of Electronics today-both in the U.K. and through- 
out the world. We offer the finest home study training for all 
subjects in radio, television, etc., especially for the CITY & 
GUILDS EXAMS. (Technicians' Certificates); the Grad. Brit. 
I.R.E. Exam.; the RADIO AMATEUR'S LICENCE; P.M.G. 
Certificates; the R.T.E.B. Servicing Certificates; etc. Also 
courses in Television; Transistors; Radar; Computers; Servo- 
mechanisms; Mathematics and Practical Transistor Radio course 
with equipment. We have OVER 20 YEARS' experience in 
teaching radio subjects and an unbroken record of exam. 
successes. We are the only privately run British home study 
Institute specialising in electronic subjects only. Fullest details 
will be gladly sent without any obligation. 

SEND FOR FREE BROCHURE TO: 

BRITISH NATIONAL RADIO SCHOOL 
DEPT 4, RADIO HOUSE READING BERKSHIRE 

THE RADIO CONSTRUCTOR 

ALSO AVAILABLE 

BOUND VOLUMES 
VOLUME 16 AUGUST 1962 to JULY 1963 

PRICE £1. 10. 0. Postage 2s. 9d. 

Where all issues are returned: Price M. Postage 2s. 9d. 

Volume 13, August 1959 to July 1960 £1. 5. 0. postage 2s. 3d. 

We regret Volumes 14 and 15 are now sold out 

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 
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TRANSISTORS, CRYSTALS, VALVES, COMPONENTS & EQUIPMENT 
FOR THE AMATEUR & PROFESSIONAL -TRADE SUPPLIED -QUOTATIONS BY RETURN 

ALL LINES PREVIOUSLY ADVERTISED STILL AVAILABLE FROM STOCK 

* Stethoscope Headsets * Signal Injector trans - 
Mono Crystal or Mag- sistorised, 39/6. 
netic, 10/6 Stereo Mag- 
netic, 27/6. * New fully retractable 
car radio aerial, tamper 
proof (usually 55/-) 35/-, 
p.p. 1/6. * Transistor insulation 
tester, £17.10.0. * Recording tape. Best 
American and Canadian 
quality. 5" 600', 12/6; 
5" 900', 15/-; 7" 1,200', 
18/6. 7" 1,800', 25/-; 
2,400' 7", 27/6. * 10 watt horn tweeter, 
29/6, p.p. 1/6. * Portable oscilloscope, 
£16.10.0. * Transistor portable 
baby alarm, E5.10.0. 

* High output tele- 
phone amplifier, £5.10.0. * 4 -transistor 1 watt 
352 9 volt amplifier kit, 
52/6. Built 59/6. * 5 -transistor 350mW 
9 volt 150 amplifier, 57/6 * Large range of TSL 
pre -built FM units in 
stock. Also AM and 
AM/FM units. * Panel meters. 50µA, 
39/6; 500µA 32/6; 1 mA, 
5mA, 300 volt, 27/6 
each. New miniature 
types, clear plastic or 
black moulded fronts - 
Brand new and boxed. * 5 hole chassis punch 
kit, 49/6, p.p. 1/6. 

NEW 8 PAGE TRANSISTOR, RECTIFIER 
VALVE AND CRYSTAL CATALOGUE 

1/- POST FREE * PRICE REDUCTIONS - NEW TYPES 
ALL BRAND NEW STOCKS 

TAPE RECORDERS * COLLARO STUDIO 2 - 
TRACK DECK, £10.10.0. 
P. & P. 5/-. * 4 -TRACK DECK, £13.19.6 
P. & P. 5/-. * CABINET with SPEAKER 
for above, 5 gns. P. & P. 
2/-. * RECORD/PLAY AMPLI- 
FIER KITS, 2 track, 11 gns. 
4 track, 12 gns. 

Leaflets on Request. 

* NOMBREX AUDIO 
GENERATOR. 10 NOMBREX TRANSIS - 
£16.15. c/s. battery. ' TOR POWER SUPPLY 
f16.15.0, with battery. U NIT. 1 to 15 volts D.C. up to 
Post and Packing 2/6 any 0.1 amp. 230/250V, A.C. mains, 
type. £6.10.0. * DETAILED LEAFLETS ON REQUEST * 

Built and 
Ready to 

Use 

£5.19.6 
P.P. 2/- 

(Complete 
with full 

descriptive 

MULTI -METERS 
Multi -range test 
meters featuring easy 
to read scales and 
provided with full 
operating instruc- 
tions, lead and bat- 
teries. Suitable for 
amateurs, designers, 
repair shops, all 
domestic uses. Full 
details and specifica- 
tion in our catalogue. 

* PT34, 1 k2/volt ... ... * Ml, 2k2/volt .. * THL33, 2kS2/volt (illus.) ... * EP10K, 10k2/volt... ... * ITI-2, 20k2/volt ... ... * TP5S, 20kû/volt ... * EP3OK, 30k2/volt ... * 500, 30k2/volt * EP5OK, 50k2/volt... 

£2. 5.0 
E2. 9.6 
£3.15.0 
£4. 9.6 
£5. 5.0 
£5.19.6 
£6.19.6 
£8.19.6 
£9 19 6 

Crystal Contact Microphone, 12/6. P.P.9d. 
2K, +-track Tape Head, 15/-. P.P. 9d. 
Telephone Recording Attachment, 12/6. 
P.P. 9d. 
4 -channel Transistor Mixer Unit, 59/6. 
Tape Jack Radio Tuner, 29/-. P.P. 1/-. 

MAINS DECKS * GARRARD AUTOSLIM, 
4 speed changer, £6.10.0. * PLUG IN HEAD VER- 
sion, £6.19.6. * Stereo Version, £7.10.0. * GARRARD AT6 STEREO 
£10.19.6. Mono £10.10.0. * B.S.R. UA14 speed, 
£5.19.6. UA15, £6.5.0. * GARRARD SRP10 or 
BSR GU7-4-Speed Single 
Player, £5.5.0. 

All complete with cartridge 

SNOMBREX ALL TRAN- 
STOR SIGNAL GENERA- 

TOR. 150 kc/s to 350 Mc/s. AF, 
RF Mod., etc., £9.10.0, with leads, 
batt., etc. 

* NOMBREX TRANSIST- 
ORISED RESISTANCE CAP- 
ACITANCE BRIDGE. 1pF to 
100 mfd., 1 ohm to 100 meg., 
leakage test, visual null indicator, 
£8.5.0, with batt. 

BATTERY DECKS 

* STA P. ûSAR 5 
r.p.m., 39/6. 

* GARRARD 45 r.p.m., 
35/-. P. & P. 2/-. 

* STAR 45 and 33 r.p.m., 
92/6. * B.S.R. GU74 speed, 5 gns. 
P. & P. 2/6. 

All decks fitted Crystal 
pick-ups. 

RUN YOUR RADIO OR AMPLI- 
FIER FROM MAINS 

BATTERY ELIMINATORS AND 
CHARGERS 

1. For PP3 or equivalent 9 volt Pocket 
Radio Battery, 18/6. P.P. 1/-. 
2. For PP4, PP7, PP9, 9 volt Portable 
Radio and Equipment. Supplies up to 
300mA, 49/6. P.P. 2/-. 
3. De Luxe version of No. 1, also charges 
PP3 type batteries, 24/-. P.P. 1/-. 

WATT 4 TRANSISTOR 
AMPLIFIER 

* Improved 
Version. 
1+ watt peak 
output. 
± 3dB 70 c/s 
to 12 kc/s. 
Output to 3 

ohm speaker 
9 volt oper- 
ated. 

Built and Kit of 
Tested Parts 
49/6 OR 39/6 
P.P. 1/6 P.P. 1/6 
NEW LOW PRICE 

Details on 
request. 

Acos 60 Stick Microphone ... 
Acos 39-1 Stick Microphone ... 
Acos 40 Desk Microphone ... 
Acos 45 Hand Microphone ... 
Lapel/Hand Microphone ... 
100C Stick with Stand ... 
BM3 Stick with Stand ... 
Lapel/Hand Magnetic ... ... 
Dynamic Stick Microphone ... 
Dynamic Hand/Desk Microphone 

with stand ... ... ... 
Post and Packing 1/6 any type. 

QUALITY MICROPHONES 
27/6 
32/6 
15/- 
22/6 
12/6 
39/6 
49/6 
8/6 

5 gns 

AUDIO KITS 
From Stock. New range of Martin Audio 
Kits. All Transistor Units. Also Martin 
Recordakits and Pre -amps. Tape. 
Details on request. 

HI-FI SPEAKERS 
12" 15 ohms, 12,000 G. ... ... 35/- 
8", 15/16 ohm (8A7) 
12", 15/16 ohm (CR3OAE)... ...10 gns 

BRAND NEW -GUARANTEED 

* TRANSISTOR POCKET RADIOS 
Ready to use complete with Battery, 
Leather Case, Earph.ne. P.&P. 2/- any type 

6 -Transistor Zephyr 79/6 
6 -Transistor De Luxe 85/- 
7 -Transistor Zephyr 89/6 

7 -Transistor M/L/SW-3 waveband £13.19.6 
6 -Transistor MW/LW £5.19.6. 

HENRY'S RADIO LTD 
PADdington 1008/9 

303 EDGWARE RD., LONDON W2 

Open Monday to Sat. 9-6, Thurs. 1 o'clock 

PLEASE TURN TO BACK PAGE 

52/6 

SUBSTITUTION BOXES * Capacitor Box. Provides 9 
standard values from 0.001 to 
0.22 mfd. at 600 volt work- 
ing, 29/6. * Resistor Box. Provides 24 
standard values at 1 watt. 15 
ohms to 10 meg., 37/6. 
Each box fully calibrated with 
insulated leads. Invaluable for 
service and design. 

100 Kc/s QUARTZ CRYSTALS 
2 Pin: OCTAL or 3 Pin 15/- ea. 
500 kc/s 2 Pin ... 15/- 
455 kc/s (AR88) ... 12/6 
5,000 kc/s 2 Pin ... 10/- 
10 Mc/s 2 Pin ... 15/- 
27.255 Mc/s ... . 15/- 
HC6U 18 Mc/s to 46 Mc/s 7/6 
80 frequencies 0.005% Acc. 
Over 800 frequencies in 
stock for all uses. 

FIELD STRENGTH METER 
Measures transmitter carrier 
waves from 1 Mc/s to 200 Mc/s 
in 5 switched fully adjustable 
ranges. Contains 2002.A 
meter for carrier level and 
earphone for modulation. 
Requires no connection to 
transmitter. Self-contained, 
ready for use, 69/6, post free. 

1 
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7 -TRANSISTOR RECORD/PLAYER 
/RADIOGRAM AMPLIFIER 
--_ * 4 watt peak output. * Full Treble and Bass 

boost and cut. * 40c/s to 20 kc/s f 3dB. * Inputs for Pick-ups, 
Radio Tuners, Micro- 
phone, Mixers, etc. * TWO VERSIONS AVAILABLE 

12/18 volt for 15 ohm speakers (mains 
unit now reduced to 60/- extra). 

Call for 
9/12 volt for 3 ohm speakers (mains 

demon- 
unit 49/6 extra). * Size only 6" x 2+" x 2". 

stration. Ideal for mains or battery, portable or 
domestic record player, grams, etc. 

Booklet) * Booklet Free on Request * 
GARRARD 

BATTERY TAPE DECK 
Two -speed, 9 volt, £11.15.0, 
post and packing 3/6. 

www.americanradiohistory.com
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We can supply from stock most of the 
components and items specified on 
circuits published in this and other 
magazines and radio books. Let us 
quote for your circuit. 

HENRY'S RADIO LTD 
303 EDGWARE ROAD LONDON W2 

PADdington 1008/9 
Open Monday to Sat. 9-6. Thurs. 1 o'clock 

10 WATT TRANSISTOR HI-FI EQUIPMENT 

PRINTED CIRCUIT CONSTRUCTION 

GUARANTEED HIGH 
PERFORMANCE UNITS 

I i I, I..I 1. 1 I.I IIIII,1íI1,Ii.I.111,CI:llIIIIllllll'111 II11- 

PERFORMANCE EQUAL TO VALVE UNITS 
OF FOUR TIMES THE PRICE AND MANY 
TIMES THE SIZE 

LATEST CATALOGUE 
68 PAGES, 10" x 71" 

Includes new Transistor, Crystal, Valve, 
Rectifier Catalogue. 

Fully detailed and illustrated 2/- post free 

* POWER AMPLIFIERS-Two versions. 
6 -Transistor and Rectifier on 4 x 24 -inch panels. 
f1dB 40 c/s to 20kc/s. 100mV input for 10 
watts with 0.25% distortion at 400 c/s. 60dB 
feedback. 3 and 15 ohm versions. Low 
current, only 300mA and 150mA respectively. 

3 ohm 10 watt 15 ohm 10 watt 
Built £5.10.0 

P.P. 2/6 
Built £5.19.6 

P.P. 2/6 

Mains units for either of above 6916 
-will run two amplifiers. Any type p.p. 2/6 

COMPLETE CIRCUIT DIAGRAMS FREE ON REQUEST * PRE -AMPLIFIER AND CONTROL UNIT. For use with either of above amplifiers or 
valve types-Hum-free-24mA drain-Battery operated or from above mains units-B inputs be- 
tween 1.5mV and 300mV-for all pick-ups, microphones, tuners, tape replay, separate treble, 
bass and volume with cut and boost -4 -position low pass filter -40 c/s roll off, etc. Panel size 9 x 2f 

CALL FOR DEMONSTRATION AND HEAR GUARANTEED HIGH PERFORMANCE 

LOW DISTORTION 
HIGH GAIN 

MAINS OR BATTERY 
LOW NOISE 

MONO OR STEREO 
PRE -AMPLIFIER £5.10.0 

Built 
P.P. 
2/6 j. 

Dark brown and gold panel plate 8/6 

TRADE DISCOUNTS 
AVAILABLE-SEND 

FOR DETAILS 

"MINI -GRAM" TRANSISTOR RECORD PLAYER 

Sold as three pre -built units 
with less than 30 minutes inter- 
connection work. Originally 
sold at more than double the 
price. A superb record player, 
fully portable-the ideal gift 
for teenager or adult. 

*Ready Built 4 -transistor 
1 watt amplifier with 
elliptical speaker and 
volume control. 
35/- P.P. 2/-. 

*9 volt 45 r.p.m. turntable 
with Crystal pick-up. 
39/6 P.P. 2/6. 

*Two-tone moulded case 
with handle, 5/- P.P. 2/- 

IOR TOST 
791TAL 6 P.P. 5/ - 

(Battery 3/9 extra) 

VHF HIGH GAINIFM TUNER 
See Dec.1963 Edition of Radio Constructor 

* 5 Mullard Transistors * 4 Diodes * Full coverage 87 to 105 Mc/s * AFC and AVC * Pre -aligned I.F.T.s. 

Printed circuit design of high sensitivity 
and quality. Output for valve or 
transistor amplifiers. Typical sensitivity 
30mV for 10!i.V input. Maximum output 
75mV. S/N greater than 50dB. Size 3f 
x 2f x 4". Simplified building instruc- 
tions. All parts sold separately. 

Details on request. 

J. 

TOTAL COST 
OF ALL #7.19.6 PARTS 

P.P. 2/ J. - 
(Cabinets, etc., 20/- extra) 

' THE CONTESSA' 
*COMBINED PORTABLE AND 

CAR RADIO * 
AMAZING SENSITIVITY AND SE- 
LECTIVITY ON MEDIUM AND 

LONG WAVEBANDS * The easiest Superhet Radio to 
build on the market. Features 
clearly -marked printed circuit and 
packaged components with full 
illustrated building instructions. Full 
tuning of medium and long wave 
bands with unbeatable sensitivity and 
selectivity. Excellent tone and volume 
with over 600mW push-pull output. * Clearly marked horizontal station dial with slow motion tuning. 

Two colour Blue or Beige cabinets with Gold handles, grilles and fittings. 
T. Size 101" x 71" x 31", includes car aerial socket, recording sockets. * 6 Mullard Transistors and 2 Diodes 

TOTAL COST OF ALL PARTS £9.19.6 P.P. 3/6 
All parts sold separately - Guaranteed the Best Obtainable * Attractive Appearance Quality Performance * 

UNBEATABLE FOR QUALITY AND VALUE 
Fully Detailed and Illustrated Leaflet on request 

PLEASE TO BUILD YOURSELF 

BOAC VHF POCKET RECEIVERS : 
* Features 5 transistors (V6/8R- 

0C44) 2-0A91 diodes VHF detector, 
OA10 rectifier. 

* IK ohm Stethoscope headset. * 3.9 volt 450mA/H rechargeable deac 
cel Is. * Moulded case with aerial/strap. * Full circuit and details. * Deac separately 12/6, P.P. 1/6. * Headset separately 15/-, P.P. 1/-. * Unit without above cell and phone 
12/6, P.P. 1/6. 

* Complete with circuit, 35/- P.P. 2/-. 

Ideal for experimental receivers, personnel locators, etc. 

TURN Sinclair 'Slimline' ... ... ... 49/6 
ii Sinclair Micro -6 ... ... ... ... ... 59/6 

TO Sinclair Micro -Injector ... ... ... ... 27/6 
NEXT Quintet 5T MW/LW ... .. ... 79/6 

PAGE 
All parts in stock for PW, TSL, Repanco, Radio Constructor, 
RCME, etc., designs-Quotations by return. 
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4 -WAVEBAND COMMUNICATIONS 
RECEIVER RX60 or SR40 

550 kc/s -30 mc/s.-BFO-AVC-'S' meter-noise limiter-Bandspread 
-Telescopic aerial, etc. Brand new. Detailed leaflet on request. 

£24.15.0 : 
* De Luxe version, JR101 or HE30, 9 valve Superhet, 2 RF Stages, etc. 

£42.0.0 
Leaflets on request 
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