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ETDJYST 

ne Eddystone "940" is a larger an "mot`ë elaborate comm tnrcatro s 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 f125. Os. Od. 
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N 

THERE'S AN 

DDYI&TON 
COMMUNICATIONS 

RECEIVER 
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 

www.americanradiohistory.com



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. 

LASKY'S FIRST AGAIN! 
NOW OFFER TO THE HOME CONSTRUCTOR, FULL SHORT WAVE COVERAGE 

Can be built for 

£1 0.1 9.6 P/-an 
extrad 

P. 
5 

THE SKYROVER AND THE "SKYROVER" 
DE LUXE 

GENERAL SPECIFICATION. 7 trap istor plus 2 diode superhet, 6 waveband portable receiver. Operating from four 1.5 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, 13M, 16M, 19M and 25M, 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 Mullrrd 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. 180-576M, 31-94M, and Band Spread on 13, 16, 
19 and 25 metre Bands. 

THE SKYROVER. Controls: Waveband 
Selector, Volume Control with on/off 
Switch, Tuning Control. In plastic cabinet, 
sice 10" x 64" x 3f", with metal trim and 
ca tying handle. 

All Components Available Sep- THE SKYROVER DE LUXE. Tone Control Circuit arately. Data for each receiver, is incorporated, with separate Tone Control in ad - 2/6 extra. Refunded if you pur- dition to Volume Control, Tuning Control and Wave - chose the parcel. Four U2 bat- band Selector. In a wood cabinet, size I I f" x 6f" x 3" teries, 2/8d. extra. Four Leak- covered with a washable materia', with plastic trim proof batteries. 314d. extra. and carrying handle. Also car aerial socket fitted. 

Can be built for 

£12.19.6 
P. cad P. 5/- extra 

THE SPRITE 
CAN BE BUILT FOR 79/6 P, and P. 3/6 extra 

* Six -Transistor Super - 
het Miniature Per- 
sonal Pocket Radio * Long and medium 
wavebands * Ferrite Rod Aerial 

* I.F. Frq. 470 kc/s * 3" speaker * Printed circuit 2f" x 2" * In Plastic Case. Size 4" x 2f" x 1". 
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 final 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, wristrap, personal ear- 
phone and case for earphone and battery, 12/6 
the lot extra. Make no o mistake this is 
SUPERHET receiver of genuine commercial 
quality. It is not a regenerative circuit. 

TRANSFILTERS by BRUSH CRYSTAL C0. 

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

6/6 each 
P. & P. 6d. 

TRANSISTORS 
All New and Guaranteed 

GET.SI, GET.S5, GET.S6-2/6; 837A, 874P- 
3/6; OC.45, OC.71, OC.81D-416; OC.44, OC.70, 
OC.76, OC.81 (Matched pair I0/6)-516; AF.I17, 
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. 

ELECTRIC MOTORS 
Brand new tape recorder 
motors. Single phase, 
fully shrouded. 200- 
250V A.C. 8" x f" 
spindle with detachable 
pulley, fitted switch. 
Suitable for tape decks, 
record players and many 
other uses. 14/11 P. & P. 3/6. 

READY BUILT BARGAINS 
BOY'S TRANSISTOR RADIO. Ready 
built, 2 -transistor pocket radio. In 
attractive plastic case. Size only 4" x 2f" x 
I". Fitted with 2f" 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 

2£ 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. P. & P. 2/6. 

LASKY'S CAR RADIO 
absolutelyCan 

nom 
com 

beplete 
f 

builtor 
tíTr a7 
Zs9.1 9.6 

* Small size. Will fit any car * 12 volt operation * New Hybrid circuit * Transistor output * New type Brinier valves * No Vibrator, 12 volt H.T. & L.T. 
* T.C.C. Printed Circuit and Condensers * Tuned R.F. stage * Medium and long waves * Permeability tuning * 7" x 4" elliptical speaker 
Instruction Booklet giving full details, illustra- 
tions, dimensions, circuit diagram and shopping 
list, 2/6 post free (returned if you order). 

REALISTIC `SEVEN' 
* 7 Transistor 

Superhet * 350 Milliwatt 
output into 
4" high flux 
speaker * All com- 
ponents 
mounted on 
a single prin- 
ted circuit 
board, size 
54" x 5f" in one complete assembly * Plastic cabinet, with carrying handle, 
size 7" x 10" x 34" in Flue/Grey. * Easy to read Dial * External Socket for car aerial * I.F. frequency 470 kc/s * Ferrite rod internal aerial * Operates from PP9 or similar battery * Full comprehensive data supplied with 
each receiver * All coils and I.F.s, etc., fully wound 
ready for immediate assembly 

An o standing Receiver. The Realistic '7' inclu- 
ding Transistors, Cabinet, Speaker, etc., and Ful I 

Instructional Data can be built for 

£5.19.6 P. & P. 4/6 
PP9 Batt. 3/9. Data and instructions separately 
2/6. Refunded if you purchase the parcel. 

REALISTIC `Seven' De Luxe 
By popular re- 
quest a De Luxe 
version of the 
well -proven 'Re- 
alistic Seven' 
now available. 
With the same 
electrical specifi- 
cation as standard 
model-PLUS A SUPERIOR 
WOOD CABINET 
IN CONTEMPORARY STYLING, covered in 
attractive washable material, with superchrome 
trim and carrying handle. Also a full vision 
circular dial, externally mounted to further 
enhance the pleasant styling. ALL FOR ONLY 
El EXTRA. P. & P. as for Standard model. 

DISTLER MINIATURE MOTORS 
6 volt battery operated. P. & P. 2/6 7/11 

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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S-33 

HI-FI AMPLIFIERS 

S-99 

TUNERS 

HI-FI 6W STEREO AMPLIFIER. Model S-33. 3 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 -33H. 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. 

GL -58 

RECORD PLAYERS 

HA -12 

GOLDRING LENCO TRANSCRIPTION PLAYER. Model 
GL -58. 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 

DAYT0.onEnjoy Yourself and Save Money 
TEST INSTRUMENTS 

CAPACITANCE METER. Model CM -1U. Direct - 
reading 4f" scale. Full-scale ranges 0-100µµF, 0-1,000µµF 
0-0.01µF and 0-0.1µF. £15.15.0 
VAL'VE 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 0.1H to 1,000MS2 with internal battery. 
D.C. input impedance 11M52. dB measurement, has 
centre -zero scale. Complete with test prods, lead and 
standardising battery. £13.18.6 
MULTIMETER. Model MM -1U. Ranges 0-1.5V to 
1,500V A.C. and D.C.; 150µA to 15A D.G.; 0.20 to 20Mo. 
4}" 50µA meter. £12.18.0 
R.F. SIGNAL GENERATOR. Model RE -1U. Up to 
100 Mc/s fundamental and 200 Mc/s on harmonics and 
up to 100mV output on all bands. £13.8.0 
AUDIO WATTMETER. Model AW-1U. Up to 25W 
continuous, 50W intermittent. £17.5.0 
AUDIO VALVE MILLIVOLTMETER. Model AV -3U. 
lmV-300V A.C. f.s.d. 10 c/s to 400 kc/s. £16.10.0 
AUDIO SINE -SQUARE WAVE GENERATOR. Model 
AO -1U. Covers 20 c/s to 150 kc/s and square waves to 
50 kc/s in four ranges. Maximum output 10V, distortion 
less than 1%. £14.15.0 

5" OSCILLOSCOPE. Model O -12U. Has wide -band 
amplifiers, essential for TV servicing, FM alignment, etc. 
Vertical frequency response 3 c/s to over 5 Me/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 14+" long. 
Wt. 10f lb. £21.18.0 
ELECTRONIC SWITCH. Model S -3U (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 

C -3U switch. £10.10.0 
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. 

M4 M 
S -3U 

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 UJR.1 introduction to radio. £2.7.6 

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 

Money -back Guarantee 
Daystrorn 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 

COLLARO 

MILit 

CONTROL UNITS 

D-83 

COLLARO "STUDIO" TAPE DECK. The finest buy in its price 
range. Operating speeds: 11", 3r and 7}" p.s. Two tracks "wow" 
and "flutter" not greater than 0.15% at 74" p.s. £17.10.0 

TRUVOX D83/2 & D83/4 TAPE DECKS. High quality mono/ 
stereo tape decks. 
D83/2, 2 track, £31.10.0 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-T1-£4.13.6 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 

TAPE AMPLIFIERS 

FM -4 AM/FM 

FII-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 £1$,1$,0 
TAPE RECORDING/PLAYBACK AMPLIFIER. Thermometer type 
recording indicators, press -button speed compensation and input selection. 
Mono Model TA -IM, £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 hoards. £19.10.0 

'ei/ding these Heathkit mode/s 

SSU-1 

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 154" 
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. 

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 144" deep. 

MFS Either Model £23.4.0 

11111111011lm111111ln 111111llmlll 

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

Other models from our wide range include 
TELEPHONE AMPLIFIER TTA-1 £7.9.6 
TRANSISTOR INTERCOM. XIR-IU (remote) £4.7.6 

XI -11J (master) £10.19.6 
ELECTRONIC WORKSHOP EW-1. Makes over 21 experiments. 
The ideal present for the youngster. £7.13.6 

All models also available assembled 
Deferred Terms over £10 
Send coupon for FREE illustrated British catalogue 

of Heathkit range to : 

"GLOUCESTER" 

DAYSTROM LTD 
DGLOUCESTER 

SB -10U 

DX -40U 

AMATEUR EQUIPMENT 
SINGLE SIDEBAND ADAPTOR. Model SB -101.7. 
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. 

£12.10.0 
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 - 
100U. 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. 

RA-1 

Without obligation please send me 
FREE BRITISH HEATHKIT CATALOGUE....... 
FULL DETAILS OF MODEL(S) ...................._.._...................... 

(Please write in BLOCK CAPITALS) 

NAME __.. 

ADDRESS ._.._. __ .................. .......__........ .......... ......... 

I-- - - - - -- - -------- 

RG -1 

(Tick here) 

DEPT.RC1-1 
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RETURN -OF -POST SERVICE 
We offer a really efficient Mail Order Service on all items stocked. All cash orders are dealt with on the day of receipt. 

* Hire purchase orders are subject to slight delay but this is kept to the absolute minimum. 

ILLUSTRATED LISTS 
Illustrated lists are available on LOUDSPEAKERS, TAPE DECKS, TEST 

GEAR, GRAMOPHONE EQUIPMENT, AMPLIFIERS. Any will be sent 

free upon request. 
AMPLIFIER KITS 

We have full stocks of all components for the Mullard 510, Mullard 3-3, 

Mallard 2 and 3 Valve Pre -amp, Mullard Stereo, Mullard Mixer, GEC912 

Plus. Fully detailed list on any of these sent upon request. 
Instruction Manuals: All Mullard Audio Circuits in "Circuits for Audio 

Amplifiers", 9/5. GEC912, 4/6. All post free. 

MARTIN AUDIO KITS 
A range of high quality transistor amplifying equipment is now being pro- 

duced by MARTIN ELECTRONICS. 
Included are 3 and 10 watt Amplifiers, Pre -amplifiers, Mixer and Input 

Switching Units. Please write for full details. 

STEREO COMPONENTS 
Morganite ganged potentiometers as specified for the Mullard circuits. 

Log/Anti-Log, 500k, 1 meg., 2 meg. * Log/Log, 50k, 250k, 1 meg., 

2-meg.* Lin/Lin 250k, 500k, 1 meg, 2 meg. All 10/6 each. Postage extra. 

TRANSISTORS 
MULLARD. Current production types, not rejects. All in makers' 

boxes. Postage 3d. on each. 
AF114, 11/-; AF115, 10/6; AF116, 10/-; AF117, 9/6; OC44, 8/3; OC45, 

8/-; OC70 and 0071, 6/6; 0072, 8/-; 0072 Matched Pairs, 161-; 

OC78, 8/-; OC81,8/-; 0C170, 8/6; 0C171, 9/-. Any other Mallard 

type obtained promptly. Ask for quotation. 
NEW MULLARD CONDENSERS 

Mullard Miniature Foil and Polyester condensers as used in the latest 

TV and Transistor sets. 
Miniature Foil. 30 volt working for Transistor sets. .01 mfd, 7+d.; 

.022mfd, 9d,; .047mfd, 9d.; .1 mfd, 11d. 
Polyester Tubular Capacitors. Moulded outer case designed to 

withstand accidental contact with the soldering iron. Tolerance 10%. 

125V range: .01mfd, .022mfd, .047mfd, all 9d. each; .1 mfd, 1/2; .22mfd, 

1/3; .47mfd, 1/6; 1mfd, 3/-. 
400V range: .001mfd, .0022mfd, .0047mfd, .01 mfd, .022mfd, all 9d. each. 

.047mfd, 1/2; .1 mfd, 1/3; .22mfd, 1/6; .47mfd, 2/5. Postage extra. 

MINIATURE ELECTROLYTIC CONDENSERS 
Latest miniature types by Mullard and Radio Spares. 
RADIO SPARES. All 15V, 2mfd, 4mfd, 5mfd, 8mfd, 10rnfd, 16mfd, 

32mfd, 50mfd, 100mfd, all 2/3 each. Postage extra. 
MULLARD. 2mfd, 10V, 1/9; 4mfd, 4V, 1/9; 10mfd, 16V, 1/8; 16mfd, 

10V, 1/8; 25mfd, 4V, 1/8;25mfd, 25V, 1/3; 32mfd, 2.5V, 1/8; 32mfd, 40V, 1/8. 

"SYNCHROTAPE" RECORDING TAPE 
Low-priced British tape, all reels fitted with leaders. 
Standard Play: 600ft (5"), 13/6; 850ft (5f"), 17/-; 1,200ft (7"), 211-. 

Long Play:900ft(5"),17/-;1,200ft(5;"),20/-;1,800ft(7"),30/-. Post free. 

TAPE RECORDING EQUIPMENT 
TAPE DECKS Hire Purchase 

ALL CARRIAGE FREE Cash Price Deposit Mthly Pmts. 

COLLARO STUDIO. Latest 
model. Two track. Bradmatic 
Heads ... ... £10.19.6 £2. 3.6 12 of 16/4 

Four Track, Marriott Heads ... £17.17.0 £3.12.0 12 of 26/2 
MARTIN TAPE AMPLIFIER KITS 

Tape Amplifiers 
For Collaro 8311-V 2 -Track £11.11.0; 8311-4-V 4 -Track £12.12.0. 

Tape Pre -Amplifiers 
For Collaro 8312-CP 2 -Track £8.8.0; 8312-4-CP 4 -Track £9.9.0. 
Drop through assembly for mounting 8312 Pre -Amp under Collaro 
Deck, £1.11.6. 
Carrying Cases with speaker. For Collaro Deck and 8311 Amplifier £5.5.0. 

H.P. TERMS available on decks, amp. 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. 

LOUDSPEAKERS 
GOODMANS: Axiette 8", £5.5.7; Axiom 10", £6.5.11; Axiom 201 

12", £10.7.0; Axiom 301 12", £14.10.0; Audiom 51 Bass 12", £8.14.0; 

Audiom 61 Bass £13.14.0; Trebax Tweeter, £6.4.0; X05000 
Crossover Unit, £1.19.0. 
WHITELEY: HF1016 10". £7.0.0; HF1012 10", £4.7.6; HF816 8", 

£6.0.0; T816 8", £5.13.6; T10 Tweeter, £4.8.3; T359 Tweeter, £1.10.6; 

CX3000 Crossover Unit, £1.11.6; CX1500 Crossover Unit, £2.0.0. 

H.P. Terms available on all speakers. 

ARMSTRONG EQUIPMENT Hire Purchase 
Cash Price Deposit Mthly Pmts. 

TUNER AMPLIFIERS 
Model 227 Stereo ... ... ... £48.15.0 £9.15.0 12 of £3.11.6 
Model 227M Mono ... £33.18.0 £6.18.0 12 of £2. 9.6 

Model 226 De Luxe Stereo ... £56. 0.0 CI 1. 0.0 12 of £4. 2.6 

Stereo 55 Stereo ... ... ... £29.18.0 £5.18.0 12 of £2. 4.0 
RADIOGRAM CHASSIS 

Model AF208 AM/FM ... £21. 4.0 £4. 4.0 12 of £1.11.2 
TUNERS 

Model T48 FM ... ... ... £20. 8.0 £4. 2.0 12 of £1. 9.11 

Model ST3 Mk2 AM/FM £25.12.0 £5. 2.0 12 of £1.17.11 
Makers literature available on any item 

JASON F.M. TUNERS 
We 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: 
FMTt ... ... ... ... 66.12.6 FMT2 (less power) ... 67.15.0 
FMT2 (with power) ... £9.12.6 FMT3 (less power) ... £9. 9.6 

FMT3 (with power) ... £11.7.6 Mercury 2 ... ... ... £10.14.6 
JTV/2 ... .. ... . £14.12.6 
Hire Purchase Terms available. Ask for list. 

P.W. STRAND, MAYFAIR & SAVOY UNITS 
We stock parts for the P.W. Strand Amplifier, Mayfair Pre -Amplifier 
and Savoy FM Tuner. Detailed price lists are available. 

LATEST TEST METERS Hire Purchase 

AVO Model 8, Mark II... 
AVO Model 7, Mark II... 
AVO Multiminor Mark 4 
T.M.K. TP10 ... ... 
T.M.K. TP5S ... 
T.M.K.Model 500... ... ... 
TAYLOR MODEL 127A ... 
Full details of any of the above supplied free on request. 
The AVO models 7 and 8 are both latest models from current production 
-not to be confused with Government surplus. 

OUTPUT TRANSFORMERS 
GILSON: W0696A, W0696B, 50/6, post 2/6. W0710, 55/6, post 2/6. 

W0892, 62/3, post 2/9. W0767, 27/-, post 1/6. W01796A, 57/6, post 2/6. 

W01932, 84/-, post 3/-. 
PARTRIDGE: P3667, 75/-, post 2/9. P4131, 75/-, post 2/9. 
PARMEKO: P2629, 47/6; P2642, 45/-; P2643, 47/6. All plus post 2/9; 
P2641, 29/6, post 2/-; P2928, 17/-, post 2/-; P2932, 41/-, post 2/6. 
ELSTONE: OT/ML, 49/6, post 2/9; OT/3, 27/6, post 2/6. 

MAINS TRANSFORMERS 
GILSON: W0741A, 63/-, post 4/-; W0839, 48/9, post 2/9; W01328, 
58/6, post 3/6; W01288, 58/-, post 3/6; W01566, 80/-, post 4/6; W01341, 
Choke, 36/-, post 2/-. 
PARMEKO: P2631, 35/-, post 2/9; P2630, 54/9, post 3/3; P2644, 76/6, 

post 4/-; P2930, 41/-, post 3/-; P2931, 56/9, post 3/3. 
ELSTONE: MT/MU, 49/6, post 3/3; MT3/M, 38/6, post 3)-; MT/510, 
46/3, post 3/3. 

GRAMOPHONE EQUIPMENT Hire Purchase 

ALL LATEST MODELS Cash Price Deposit Mthly Pmts. 

ALL POST FREE RECORD CHANGERS 
GARRARD AUTOSLIM 

(Mono PU) ... ... ... £7. 2.6 £1. 8.6 12 of 11/2 

GARRARD AUTOSLIM 
De -luxe AT6 (Mono PU) ... £11. 9.0 £2. 6.0 12 of 16/11 

GARRARD AUTOSLIM 
AT6 (Stereo/Mono PU) ... £12. 5.4 £2. 9.4 12 of 18/- 

B.S.R. UA14 (TC8 Mono PU) ... £6.19.6 £1. 7.6 12 of 11/- 
B.S.R. UA14 Monarch 

(TCBS Stereo/LP/78) ... £7.19.6 £1.11.6 12 of 12/4 

B.S.R. UA16 (TC8 Mono PU) £7.19.6 £1.11.6 12 of 12/4 

B.S.R. UAI6 (TCBS Stereo/LP/78) £8.19.6 £1.15.6 12 of 13/8 
SINGLE RECORD PLAYERS 

B.S.R. TU12 (TC8 Mono PU) ... £3.17.6 £1 4.6. 3 of 61.1.0 

B.S.R. GU7 (TC8 Mono PU) £4.18.8 £1. 8.8 3 of £1.6.8 

GARRARD SRPIO (Mono PU)... £5.9.11 £1.12.11 3 of £1.9.0 
TRANSCRIPTION UNITS 

GARRARD 4HF (GC8 PU) ... £16.12.6 £3. 6.6 12 of £1.4.5 

PHILIPS AG1016 (S/M PU) ... £12.12.0 £2.10.0 12 of 18/6 

Many of the above can be supplied for stereo working. See our 
Gramophone Equipment List for details. 

Cash Price Deposit Mthly Pmts. 
£24. 0.0 £4.16.0 12 of £1.15. 2 
£21. 0.0 £4. 4.0 12 of £1.10.10 
£9.10.0 £1.18.0 12 of 14/4 
£3.19.6 £1. 3.6 3 of E1. 2. 0 
£5.19.6 £1.15.6 3 of £1.11. 4 
£8.19.6 £1.15.6 12 of 13/8 

£10.10.0 £2. 2.0 12 of 15/8 

TERMS OF BUSINESS 
Cash with order or C.O.D. We charge 
C.O.D. orders as follows: Up to £5, 
minimum of 4/2. 
Over £5 and under £10, 2/8. Over 
£10, no charge. Postage extra on 
CASH orders under £5 except where 
stated. Postage extra on overseas 
orders irrespective of price. 

WATTS RADIO 
(MAIL ORDER) LTD. 

54 CHURCH STREET WEYBRIDGE SURREY 
Telephone Weybridge 47556 

Please note: Postal business only from this address 
(Callers welcome by appointment) 

'HIRE PURCHASE TERMS 
are available on any item. Repayments 
may be spread over 3, 6 or 12 months. 
Details as follows: Three months; Deposit 
6/- in the £. Service charge 5 per cent 
but minimum charge of 10/-. Six and 
Twelve months: Deposit 4/- in the L. 
Service charge 10 per cent, but minimum 
charge 20/-. 
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NMI MI MI 
OW I ANOTHER PURCHASE of the year's keenest 

TAPE RECORDER BARGAIN 
A 24 gns. Tape Recorder offered at the 
bargain price of only 15 gns. plus 10/- Carr. 
Supplied in 3 Units already wired and tested. 
A modern Circuit for quality recording from I 
Mike, Gram or Radio, using latest B.S.R. 
Twin Track Monardeck Type TD2. Magic 
Eye recording Indicator, Ext. spkr., switch, 
super -impose and straight -through amplifier 
facilities, etc. 
Valve line-up-EF86, ECL82, EM84, EZ80 and 
Silicon Diode. 

2 tone Cabinet and 8" x 5" 
Speaker. Size 14" x 10#" x 7}" 

Wired Amplifier complete with 
4 valves, Front Panel, Knobs 

B.S.R. Monardeck Type T.D.2 

Accessories -Mike, Spare Reel 
Tape, Screened Lead, Plugs, etc. 

£3.10.0 

£5.12.6 

£7. 7.0 

£1. 1.0 

I 

I 

+ 5/- carr. 

+ 3/6 carr. 

+ 4/6 carr. I 

+ 2/- carr. I 

COMPLETE KIT comprising gns. + 10 -carr. items above 15 
/ I 

L 
Leaflet, Circuit and Instruction 2/- post free 

aJ umo-- 
New VALVES Reduced 
Boxed Bargain Prices 
1T4 3/6 ECC83 7/- PCC84 8/ - 
IRS 6/- ECL82 10/- PCF80 8/- 
155 6/- ECL80 9/- PCL83 10/6 
354 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/- EMB4 8/6 U25 10/6 

Electrolytics All Types New Stk, 
TUBULAR CAN TYPES 

25/25V 1/9 
50/12V 1/9 
50/50V 2/- 
100/25V 2/- 
8/450V 2/3 
4/350V 2/3 
16+16/450V 5/6 
32+32/450V 6/6 
1000/25V 3/9 

8+8/450V 4/6 
16+16/450V 5/6 
32+32/275V 4/6 
50+50/350V 6/6 
60+250/ 

275V 12/6 
100+300/ 

275V 
2000+4000/12/6 

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'bie Play (Myiar base) 
3" 150ft. ... 3/9 225ft. ... 4/9 300ft. ... 6/6 
5" 600ft. ... 11/6 900ft. ... 15/- 1,200ft. ... 25/- 
5}" 850ft. ... 14/6 1,200k. ... 17/6 1,800fc. ... 32/6 
7" 1,300ít. ... 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/-, 54" 2/-, 7" 2/3. 
PLASTIC REEL CONTAINERS (Casettes): 5" 1/9, 54" 2/-, 7" 2/3 

Jack Plugs. Standard 24" Igranic 
Type, 2/6. Screened Ditto, 3/3. 
Miniature scr. Imo', 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), I/-. 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/- etc. 
Alumin. Sheet. 18g. 6" x 6", 1/ 
6"x9",1/6,6"x12",2/-,12"x12". 
4/6 etc. 

RECORD PLAYER CABINETS 
Contemporary style, rexine covered cabinet 
in two-tone maroon and cream. Size 154" x 
144"x84", 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 
14f" x 121" 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, etc., ready wired to fit above cabinet. 
£2.17.6. P. & P. 1/6. 7" x 4" Speaker and 
trans, 22/-. 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 Mullard'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, 17f" x 16" x 8". Send for full details; 3d. stamp. 

Complete Kit £13.19.6 corr. 101 - 

JANUARY 1964 

0C45 
OCBID 
2/OCB I 

GETI 14 
OC72 
AF117 

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. f" flatted spindle. Famous Mfrs. 
4 for l0/- post free. 

COAX 80 OHM CABLE 
High grade low loss Cellular air 
spaced Polythene -4" 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 113. Outlet Boxes 4/6. 

Condensers-S/Mica all values 2pF to 
1,000pF 6d. Ditto Ceramic 9d. each 
005, .01 and .1, etc., I/-. Pape 

Tubular 450V .001 mfd to .01 mfd and 
.1 /350V 9d..02 -.I mfd 1/-,.25 mfd 1/6 
.5 mfd I/9. 
Close Tol. S/Micas-10% 5pF-500pF 
Bd. 600-5,000pF 1/-. I% 2pF-100pF 
9d. 100pF-500pF Ild. 575pF-5,000pF 
1/6. Resistors -Full Range 10ohms- 
10 megohms 20%* and 4W 3d., ditto 
10% 4d., 4W 5d. (Midget type modern 
rating) I W 6d., 2W 9d. Hi -Stab 5% 
4 -kW 100 ohms I megohm 6d. Ocher 
values9d. I%#W 1/6. W/W Resistors 
25 ohms to 10K SW 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 -EVA Ist Grade 

0C44 8/6 OC70 5/6 
61- 
29 
2/9 
2/9 
2/9 

8/- OC7I 
7/6 GEX34 

15/6 0A70 
6/6 OA81 

97J66 GEXI3 

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 
1516. 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 ono 
dined metal f" x 4" diamond mesh 
4/6 sq. ft., multiples of 6" cut. Max. 
size, 4ft. x 3ft. 47/6. Carr. extra. 
Brand New. Mfrs. surplus 1st grade. 
I 0C44 & 2 0C45, 15/6. 

OC8ID & 2 0081, 15/-. 
All above and OA81, 32/6, post free. 

TYGAN FRET (contemn. pat.) 12" x 
12" 2/-, 12" x 18" 31-, 12" x 24" 4/-, 18" 
x 18" 46/, etc. 
BON DACO UST Speaker Cabinet 
Acoustic Wadding, 12" wide, any 
length cut 1/6 per ft, 4/- per yd. 
ENAMELLED COPPER WIRE- 
f/b reels, 14g -20g, 2/6; 22g -28g, 3/-; 
36g -38g, 4/3; 39g -40g, 4/6, etc. 
TINNED COPPER WIRE -16-22g. 
2/6 f lb. 
PVC CONNECTING WIRE -10 
colours ( or chassis wiring, etc.) -Single 
or stranded conductor, per yd., 2d. 
Sleeving, 1mm. and 2mm., 2d. yd., etc. 
KNOBS -Modern Continental types: 
Brown or Ivory with Gold Ring, I" dia., 
9d. each; li", 1/- each; Brown or Ivory 
with Gold Centre, I" dia., 10d. each; IS", 
1/3 each. LARGE SELECTION AVAILABLE. 

TRANSISTOR COMPONENTS 
Midget I.F.'s-465 kc/s - c" diam. 5/6 
Osc. diem. 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 15V 
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., 1/-. 
.25 mfd., 1/3. .5 mfd., 1/6, etc. 
Tuning Condensers. J.B. "00" 2081 
176pF, 8/6. Ditto with trimmers, 9/6. 
365pF single, 716. Sub -min. 4" DILEMIN 
IOOpF, 300pF, 500pF, 7/-. 
Midget Vol. Control with edge control 
knob, 5kS3 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 Miceli 8-10 ohms, 12/6. 

JASON FM TUNER UNITS 
Des.,ne approved kit of parts: 

1tìITI. 5 gns. 4 valves, 20/-. 
FMT2, 67. 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. 

METAL RECTIFIERS- STC Types- 
RMI, 4/9; RM2, 5/6; RM3, 7/6; RM4, 
161--; 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 a 

reasonable cost. Nullards 
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: ,k IdB. 40 c/s -25 kc/s. 
Tone controls, max. treble cut 12dB at IO kcls. Max. Bass Boost 14dB at 
80 c/s sensitivity: 100MV for 3W output. Output Power (at 400 c/s); 3W 
at I% 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 66.19.6 carr. 4/6. Recommended Speakers -R. & A. 
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 66.5.0, Audiom 51 £8.10.0. 
10/6 extra. Carr. extra. 

Send for detailed bargain lists, 3d. stamp. We manu 
facture all types Radio Mains Transi. Chokes, Quality 
0/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 # 16 9d., I lb., 
113 316., 2/3 S 16., 219 8 lb. 316. 

365 

www.americanradiohistory.com



28'o 

With MAT Transistors, 
and brand new micro- 
miniature quality con, 
ponents.Inc. instructions 
for building and use with 
pick-ups, micro -radios, 
microphones, etc. 

AN AMPLIFIER 

SMALLER THAN A 3d PIECE 

40 dB GAIN AT 1 Mc/s 

OUTPERFORMS AMPLIFIERS 
20 TIMES LARGER 

This fantastically powerful amplifier is 
smaller than a 3d. piece. With a frequency 
response from 30 to 50,000 c/s ±1dB, 
and power gain of 60dB (1,000,000 times) 
it can be used as a sub -miniature hi-fi 
amplifier with an output suitable for any 
earpiece or even a loudspeaker. It also 
makes a superb broad band R.F. amplifier 
and is a valuable asset in the hands of the 
keen experimenter. 

BOOKS CIRCUITS 
TRANSISTORS 

EQUIPMENT 
EXPERT SERVICE 

THREE BOOKS OF 

TRANSISTOR DESIGNS 

AND CIRCUITS 

GENERAL 
"22 Tested Circuits Using Micro Alloy Tran- 5/6 
sistors." Post free 
SHORT WAVES 
"Tested Short Wave Receivers Using MATs." 5/6 

Post free 
S.W. & COMMUNICATIONS 
"Tested Superhet Circuits for Short wave 6/6 
and Communication Receivers, using MATS." 
All three ordered together 16/- Post free 

SINCLAIR TRANSISTORS 
M.A.Ts MICRO ALLOY TRANSISTORS 

give extremely high power gains. 
MAT 100 High gain, low level ... . ... ... ... ... 7/9 
MAT 101 Extra high gain, low level ... ... ... ... 8/6 
MAT 120 High gain, medium and high level ... ... ... 7/9 
MAT 121 Extra high gain, medium and high level ... 8/6 
ADT 140 For F.M., T.V., V.H.F. and U.H.F. ... ... ... 15/- 

EQUIPMENT ORDER FORM 
Sinclair Radionics Ltd., 69 Histon Road, 

Please send 

Cambridge 

for which I enclose £ s d. 

NAME 

ADDRESS 

I------- ------------- 
36ít 

SINCLAIR MICRO - 
INJECTOR 

For speedy and 
accurate fault tracing 

Covers from 1 Kc/s 
to 30 Pigs 

VERY EASILY BUILT 
THE SMALLEST AND 

MOST EFFICIENT OF ALL 
A rapid and dependable instrument 
for tracing faults in Valve or Transistor 
Radio and Audio Equipment. 
Using two MICRO -ALLOY TRAN- 
SISTORS, this precision sub -miniature ins- 
trument generates and injects a test signal 
into any part of a receiver or amplifier 
at any frequency from 1 kc/s to 30 Mc/s. 
By this means the location of any fault 
can be rapidly found. 
Powered by a 6d. standard battery 
which will last for about 6 months. 
Assembly is extremely simple and will 
cake even a beginner only half an hour. 

14/5"X 13/20"X 1/2" 
Total cost of all parts in- 
cluding 2 M.A.T.S., probe, 
case and full instructions. 

27'6 
Available ready built and 
tested for 

',- WATT 
AMPLIFIER WITH 
PRE -AMP STAGE 

Will produce a perfectly clean 
half -watt of audio power from 
very low output sources such as 
tape heads, pick-ups and micro- 
phones, Ready built with instruc- 
tions and unconditionally guaranteed. 
CIRCUIT -5 matched transistors and temper- 
ature compensating diode in a transformerless 
complementary -symmetry configuration. 
POWER OUTPUT-500mW undistorted 
into 15 ohms. 
SENSITIVITY-0.5mV. 
POWER GAIN-80dB (100 million times). 
RESPONSE -50 c/s to 20 kc/s ±3dB. 
SIZE -24" x 1 f" x f" 
POWER REQUIREMENTS -9 volts. 

SINCLAIR 
TR. 5 

5916 
BUILT AND 

TESTED 

* ALL ITEMS FULLY GUARANTEED * FULL SERVICE FACILITIES 

* PROMPT ATTENTION TO ALL ORDERS 

If you do not wish to cut out coupon, please mention "Radio Constructor, 
January" when ordering. 

SINCLAIR Radionics LTD 69 Histon Road, Cambridge 
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A TRIUMPH OF MODERN 

TRANSISTOR MINIATURISATION 

.x 

y 

-t6 

Gives you Europe in 
the palm of your hand 

For POWER, SELECTIVITY and QUALITY, the 
Sinclair "Slimline" has no equal, yet it is actually 
smaller than a packet of 20 cigarettes! Such exciting 
standards are due entirely to exclusively developed 
circuitry using famous M.A.T. Transistors-even so, it costs so very little to build this superb receiver. It gives you Home, Light and Third Programmes as 
well as many European stations with amazing ease, 
playing even in cars and trains. For a brand new concept 
in radio listening, BUILD A "SLIMLINE" NOW- 
it's the set you will want to have with you always. 

You can 
build this set 
complete with 
featherweight 
quality ear- 
piece for only 

49/6 

UNIQUE 

BECAUSE 
* It uses M.A.Ts and latest 

micro -miniature components. * It gives FULL coverage of the 
M.W band. * It gives hi-fi quality with 
incredible volume. * It will play in car or train. * It is completely self-contained 
with ferrite rod aerial and 
PP.5 battery in elegant gold - 
trimmed royal blue case. * Building is simple-results are 
fantastically good. 

Sinclair `SLIMLINE' MICRO RADIO * BREAKING ALL RECORDS 
There is no set to compare with the Sinclair "Slimline' for smallness and efficiency. British designed to the highest standards, many thousands are already 
which enthusia 

in 
stic constructosssendtustldli is tno he 

countless 
a derethisesetrls bre 

of 
aking 

raise 
I SINCLAIR RADIONICS LTD., 69 HISTON ROAD, CAMBRIDGE II records-there has never been anything like it and more and more are 
'Please send parts for buildingSlimline (s) for 

which I 

being built all the time. 
) 

SINCLAIR Radionics LTD 
IAddressenclose _......._...... I 69 HISTON ROAD, CAMBRIDGE 

If you do not wish to cut out coupon, please mention "Radio Constructor, January" when ordering. 

SLIMLINE ORDER FORM 

----------_ '- J 
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and now 

A NEW AND VERSATILE 

BUILDING TECHNIQUE 
IN TRANSISTORISED HI-FI 

FOR TAPE 
ENTH USIASTS 
MARTIN RECORDA - 
KITS enable you to build 
a complete quality recorder 
or pre -amp far use between 
deck and hi-fi installation. 
These kits hare won un- 
stinted praise it n 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 588511161 

UNIT 1 

UNIT 2 
UNIT 3 

UNIT 4 
PRE -AMP & TONE 
CONTROL 

5 stage matching input selector .. £2. 7.6. 
Pre -amp and master volume control £1.17,6. 
3 -Channel mixer .. . £3.19.6. 

Plug-in adaptors for same, each 8.6. 

UNIT 4 Combined pre -amp and tone 
controls 

UNIT 5 10 watt amplifier 
UNIT 6 Mains power supply unit 

I MARTIN ELECTRONICS 

IDetails 
of your Audiokits please 

Details of your Recordakits please 

IName ...._ .............__.......___. _. _. _._. 

IAddress .._._......_ _._.. _..__.... 

E3. 2.6. 
£5.12.6. 
£2.12.6. 

o 

L._..._ J 

THE MODERN BOOK CO 
Amateur Radio Call Book, 1964. By 
R.S.G.B. 4s. 6d. Postage 6d. 
Radio Servicing Problems. By W. A. L. 

Smith. 5s. Postage 6d. 
Audio and Acoustics. By G. A. Briggs. 
10s. 6d. Postage 9d. 

Getting Started With Transistors. 
By L. E. Garner, Jr. 28s. Postage 9d. 

Frequency Divider Organs for the 
Constructor. By A. Douglas. 25s. 
Postage 1 s. 

A Beginner's Guide to Television. A 
Newnes Publication. 8s. 6d. Postage 6d. 

Radio and Television Reference Data. 
By J. P. Hawker. 10s. 6d. Postage 9d. 

Radio Valve Data, 7th Ed. Compiled by 
"WW". 6s. Postage 10d. 

Radio and Television Test Instru- 
ments. By G. J. King. 25s. Postage 1s. 3d. 

Wireless Servicing Manual. By W. T. 
Cocking. 25s. Postage 1s. 

The Amateur Radio Handbook. An 
R.S.G.B. Publication. 34s. Postage 2s. 6d. 

Worked Radio Calculations. By A. T. 
Witts. 15s. Postage 6d. 

Transistor Radio. Circuitry and Ser- 
vicing by Mullard. 5s. Postage 6d. 

Radio Servicing. By A. Marcus. 50s. 
Postage 1s. 3d. 
Improve Your Reception. By J. Cura 
and L. Stanley. 5s. 6d. 
Electronics Pocket Book. By J. P. 

Hawker and J. A. Reddihough. 21s. 
Postage 9d. 

We have the Finest Selection of British and American Radio Books in the Country 

19-2I PRAED STREET (Dept RC) LONDON W2 
New 1964 Catalogue 1s. Telephone PADdington 4185 
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M Q 
COIL TURRET CT.7/B 
This turret is the basic portion of the CT.7. It com- 
prises cadmium plated steel frame (size 51" deep x 41" 
high x 32" wide), silver plated contacts, polystyrene 
insulation and rotary turret movement incorporating 
Aerial, Mixer and Oscillator coils for the three bands 
1.5-4 Mc/s, 4-12 Mc/s and 10-30 Mc/s. Price 75/ - 
Coil strips for the long and medium wavebands may 
be purchased separately for incorporation in the 
turret. Price 10/6 each 
The turret requires a 315pF tuning capacitor. A 
suitable 3 gang component with ceramic insulation 
is available. Price 19/ - 
Air spaced concentric trimmers 3/30pF. Price 3/6 each 

I.F. TRANSFORMER IFT.11/465 kc/s 
A miniature I.F. Transformer for 465 kc/s giving 
excellent performance at low cost. Coils are litz 
wound and permeability tuned with high-grade iron 
dust cores and silver mica capacitors. 
Screening Can Iii" x i-" square. Price 6/6 each 
Also available for 1.6 and 10.7 Mc/s. 

General Catalogue covering full range of 

COMPONENTS FOR THE "GENERAL COVERAGE 
COMMUNICATIONS RECEIVER" 

as featured on page 263 in the November issue 

I.F. TRANSFORMER IFT.12/85 kc/s 
A narrow band 85 kc/s I.F. Transformer for use in 
double superhet communications receivers. The 
overall response of one transformer is approximately 
3.5 kc/s at 6dB. Dynamic resistance 500,000 ohms. 
Wound on a polystyrene former with iron dust 
core tuning and silver mica capacitors. 

Price 16/- each 
Also available for 100 kc/s. 

BEAT FREQUENCY OSCILLATOR COIL 
BFO. 2/85 kc/s 
These compact coils are wound on a bakelite former 
complete with adjustable iron dust cores and 
enclosed in an aluminium screening can measuring 
11" x } -" square. Price 5/- each 
Also available for frequencies of 100 kc/s, 465 kc/s 
and 1.6 Mc/s. 

components, send 1/6 in stamps. 

Please send S.A.E. with all enquiries 

D E N C O (Clacton) LTD (CLACTON)-ON9 EAD ESSEX 

EVERYTHING 
FOR THE 

ENTHUSIAST 

GELOSO V.F.O. UNITS. 4/102 
with new dial and escutcheon. Out- 
puts on 80, 40, 20, 15 and 10. For 
2-807 or 6146 tubes. Only E8.13.6. 
3 valves to suit, 24/-. All post free. 

FOSTER DYNAMIC MICRO- 
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 
for fans, blowers or models. 
Single unit 12/6 plus 2/- P. & P., 
or pair £1 plus 2/6 P. & P. 

EDDYSTONE VARIABLES. 
.080 spacing, 3 types 25 x 25pF, 
50 x 50pF and 100pF diff., 10/- each. 
Post free. 

ABSORPTION WAVE - 
METERS. 3.00 to 35.00 Mc/s in 3 
switched bands, 3.5, 7, 14, 21 and 
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", 81 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. 34." round, 2+" scale, 2 types 0-10mA and 0-100mA. 
15/- each. P. & P. 1/6. 0-2.5 amp. Thermo 2f" 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. 
0-1 mA indicator. Very sensitive, E3.13.6. 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 

170-172 
CORPORATION ST. 

BIRMINGHAM 4 

CEN 1635 

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" 1j9 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, ye" dia. 
very low loss, 1/9 yd. P. & P. 2,r-. 
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 2+" masthead bracket. Price 
49/-. P. & P. 3/6. 
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-HOME BAD/0 of MITCHAM- 
DEPT. RC, 187 London Road, Mitcham, Surrey. MIT 3282 Shop hours 9.0 a.m. to 6 p.m. (Wed. 1 p.m.) 

r-----------7 
WE HAVE 

ALL 

HEATHKIT 
MODELS 

I N STOCK 
'-- --- 

The TRANSMATCH 
The Transmatch is designed as a Booster/Matcher for electric Guitars, Low Output 
Pick-ups, and Moving Coil and Ribbon Microphones. It measures only 4r x 2j" x 1;" 
and is completely self contained. Battery operated, it uses a High Quality Transistor, 
and one 2/- battery should last many months. It is simplicity itself to operate, the action 
of inserting the Jack Plug automatically switches it on, and it has been successfully used 
with a variety of low output electronic devices. 

Price £3.10.6 P. & P. 1/6. 

We stock printed circuits for the new MULLARD 3 and 10 WATT 
amplifiers using the audio triode pentode ECL.86 valve. 

MONO 3 WATT 7/6 P. & P. 1/6 MONO 10 WATT 12/6 P. & P. 1/b 
STEREO 3 WATT 15/- P. & P. 1/6 STEREO 10 WATT 2S/- P. & P. 1/6 

The NEW Nombrex Wide Range 
Transistorised C.R. Bridge. 

Mod& 62 
6 Ranges, 1 Ohm to 100 
Megohm. 1pF to 100mF 
Visual Null Indicator 
Power Factor Check 
Electrolytic Leakage Test 
Battery operated 

Price £7.2.3 P. & P. 3/6 

40,000 Readers CAN'T BE WRONG! 
This is the approximate number of readers who have purchased and use our catalogue, 
and the number grows daily. The reasons are not hard to find, but to highlight a few: 

200 pages, over 800 illustrations, over 5,000 components described 
and priced (all except 14 actually in stock), backed with a 

By -Return Mail Order Service. 

1 

1 

1 

POST COUPON WITH 
4/- P.O. TODAY 

(INC. P. & P.) 

-s------ 
Please write your name and address in block capitals 

NAME 

ADDRESS 

1 

I 
1 

1 

1 

1 

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

_mn__n_a,s_.3 
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Converting the IM-81/UP Standing Wave Indicator to a 

High Gain Quality -built Tape Amplifier 

By B. N. LOVE 

GOOD QUALITY WAR SURPLUS EQUIPMENT IS NOT 
so plentiful today as it was in the immediate 
post-war years, but from time to time releases 

of some later equipment are made, often in mint 
condition. One such piece of equipment is the U.S. 
Navy Type IM-81/UP Standing Wave Indicator 
which, as the name implies, is a test meter for u.h.f. 
aerial circuits. This may seem rather remote from 
a tape deck amplifier, but the basic instrument is 
essentially a well designed, high gain audio amplifier. 
It contains a well smoothed mains power supply, 
two high gain voltage amplifiers, an output beam 
tetrode and a twin diode operating as a rectifier 
feeding a high quality moving coil meter in the 
output stage. (This meter is supplied with a double 
pole switch and output socket so that it may be 
used as an external d.c. meter of 1mA f.s.d. without 
any modification.) 

The instrument becomes a piece of test equipment 
only when it is fed from plug-in u.h.f. probes. It is 
very solidly constructed and beautifully finished, is 
housed in a top quality crackle finished cabinet 
with detachable lid and is of comparatively recent 
manufacture. (Two samples converted were dated 
1952.) The h.t. smoothing units are 8µF 600 
working volt paper capacitors, while anode and 
cathode decoupling components are octal based 
plug-in units. The whole instrument is very well 
engineered and all components are first rate. As 
these instruments cost only £4 10s. in the author's 
area (at the time of writing) they would in any case 
be a sound buy on components value alone. 

A front view of the converted Indicator 

Power Supply 
Although the mains transformer is designed for 

U.S.A. mains supplies, i.e. 115 volts 60 c/s, it is 
quickly modified to U.K. standards of 240 volts 
50 c/s by a cheap and simple modification which 
dissipates no heat. The live lead of the mains cable 
is removed from one tag of the "On/Off" switch 
and a good quality series capacitor is inserted. (See 
Figs. 1 and 2.) The "old faithful" U.S.A. metal - 
cased "bathtub" capacitors are ideal for this purpose 
if they are not less than 600 volt working. The 
capacitance required is best found by trial and error 
owing to the tolerances in value commonly found 
with this type of capacitor.' Start with 2µF in series 
first. Plug into the mains, switch on and check the 
heater volts on V2. The panel lamp may not glow 
at this stage as it is in series with the heater of V4 
and is thus dependent on correct voltage for 
brilliance. The heater of V2 will probably read at 
a figure below 6.3 volts. Now add 1µF in parallel 
with the 2µF capacitor in circuit and check the 
heater of V2 again. Adjust up or down with 0.5µF 
units until the heater volts are correct. It is better 
to have the heater volts slightly under -run than 
vice versa, as Vi will be subject to hum injection if 
over -run. The h.t. rail should be close to 250 volts. 
In the first sample modified, a total of 2.5µF was 
sufficient, while a second unit required 4µF. As the 
"bathtub" capacitors were chosen at random from 
stock, tolerances on the stated values could account 
for the differences. 

A mains dropping resistor of appropriate value 
and rating can be used in place of the series capacitor 
but a heavy duty component would be required, a 
great deal of heat would be generated, and additional 
ventilation would have to be provided. The advan- 
tage of the series capacitor lies in the fact that, 
although it offers the necessary impedance to the 
50 c/s mains to drop the voltage to 115 volts, it 
absorbs no power in doing so and hence remains 
quite cold in operation. 

1 When a series dropping capacitor is used in the manner described 
here there is always the risk of damage to the associated equipment 
should it break down. Unexpected results are also possible when the 
capacitor is used in conjunction with a component which may offer 
inductive reactance, such as a mains transformer. A further point 
is that the final value of capacitor required should be determined 
when the equipment is warmed up and is drawing full h.t. current. 
Readers who feel that the risk of damage due to capacitor breakdown 
or other factors is high could use a step-down autotransformer or, 
less preferably, a dropper resistor to give the required 115 volt input. 
-EDITOR. 
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Fig. 1. The complete circuit of the IM-81/UP indicator in its original form 

If a screened input lead direct from a high 
impedance head on a tape deck is now connected 
across the potentiometer marked "Input 1" (R101) 
and the adjacent switch put to "No. 1", the output 
from a tape can be heard by connecting headphones 
(in series with a 0.1µF capacitor) across the anode 
load of the 6V6 output tetrode. No audio output 
stage is fitted in the unmodified instrument and details 
for this appear in the conversion instructions which 
are given later in this article. 

The Circuit 
The full circuit of the unmodified Indicator unit 

is shown in Fig. 1. This shows an almost conven- 
tional line-up for a three stage audio amplifier, but 
further inspection reveals that there are several 
differences. The input transformer T101 is designed 
to match either a crystal u.h.f. probe or a bolometer 
into V1 grid circuit, and it has a primary to secondary 
resistance ratio of 1:5 but a turns ratio of only 
1:2.2. Constructors should bear this in mind when 
considering using this item as a matching trans - 

JANUARY 1964 

former for pick-ups or microphones, etc. If the 
transformer is removed, the two inputs can be 
switched for mixing. The first two stages then 
follow standard practice and have a listed response 
of 500 c/s -2 kc/s linear within 3dB. This pass band 
is adequate for speech and can remain untouched 
if used for reproducing club lectures or talking 
books from tape. The type 6SJ7 valves give high 
gain and remarkably low hum level, the sensitivity 
being 15µV input for full meter deflection at the 
frequencies given. The small values of capacitors 
connected across the anode loads of V1 and V2 
(C104 and C107) prevent parasitic oscillation at 
radio frequencies. At the same time, low frequency 
motor -boating is prevented by adequate, or even 
generous, decoupling capacitors. 

As the 6V6 output stage is only required to give 
an indication on a meter, no audio output is pro- 
vided. The anode load is simply two 35kí2 2 watt 
resistors in parallel. To assist in maintaining the 
calibration of the meter, this stage is stabilised by a 
well smoothed h.t. supply to the screen grid of the 
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Fig. 2. The circuit of the Indicator after modification. The meter circuit associated with the 6H6 is not now in use 

6V6. An extension of this supply feeds a small h.t. 
voltage to a panel socket and switch for operating 
the external bolometer. 

The output from the 6V6 is fed via a 0.04F 
capacitor to a 6H6 twin diode wired as a simple 
full wave rectifier. As the ImA meter is in circuit 
with the strapped cathode and centre tap of the two 
20kû resistors, it always shows the mean d.c. output 
from the 6V6. With a sine wave input from an audio 
signal generator, the meter will record a steady 
level. 

Conversion 
The circuit of the modified indicator is shown in 

Fig. 2, and the conversion procedure is carried out 
in the following manner. 

(1) Power Supplies 
The series capacitors Cx can be mounted beneath 

the chassis in the vicinity of the mains transformer 
where there is adequate space. (See Fig. 3 and 
illustration.) If "bathtub" capacitors are used they 
can be bolted directly on to the chassis side. If 
tubular types are used, they should be firmly 
mounted on tagboards. If the panel lamp glows at 
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high brilliance almost immediately after switching 
on, this will indicate either too much capacitance or 
a leaky capacitor. The unwanted section of the 
existing h.t. circuit is disconnected simply by 
removing R116, R117 and R118 together with their 
tagboard. These are high wattage clip -in resistors 
and are located on a long slim taboard at the rear 
of the chassis. C114A, 114E is a twin, octal based 
electrolytic capacitor and this is removed to the 
spares box. C1013 remains in position as it is also 
part of a twin unit, the other half of which provides 
cathode bypass for VI. The spare choke and its 
8µF units are now connected into the main h.t. line 
as shown in Fig. 2. L101 and L102 are each rated 
at 35mA. When the output stage is fitted with a 
speaker transformer the overall h.t. current will 
exceed the rating of either one of the two chokes. 
By wiring them in parallel, their current handling 
property is doubled and is quite adequate for the 
increased h.t. current. It is true that this also halves 
their total inductance, reducing it to 7.5 henries, 
but the addition of the two extra 81/F smoothing 
units compensates for this and the hum level remains 
excellent. A further advantage of combining the 
two chokes in parallel is that their effective d.c. 
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Fig. 3. A detailed below -chassis 
view showing the general layout 
and the principal steps involved 

in the conversion 

Mains lead Power on/off 
switch 

Connect this end Insert standard jack Remove or disconnect 
to pin5 of Cpl socket 

Pin 4 
CIOß 

Main tagboard. 

C112 

Oo 113 

Mahls transformer 

'Bathtub capacitors 
connected In parallel 
and bolted to chassis 

resistance is also halved, from 45052 to 22511. This 
again compensates for a voltage drop which would 
have occurred with increased h.t. current through a 
single choke. The only wiring necessary at this 
stage to effect these changes is a single link between 
the unearthed terminal of C110 to the unearthed 
terminal of C112. (See Fig. 3.) 

(2) Output Stage 
Four modifications are made here. The screen 

grid of the 6V6 is connected to the nearest h.t. 
positive point. An orange coloured lead coming 
from pin 4 of the 6V6 runs close to the h.t. terminal 
of C112. The orange lead should be cut near this 
point and connected to the terminal. This puts the 
screen grid at h.t. potential. As all components are 
very clearly marked, either on their cases or at a 
nearby point on the chassis, there should be no 
difficulty in locating wiring points. The unused 
half of C101 (C1018) is now re -connected as a 
cathode bypass capacitor across the 51012 cathode 
resistor of the 6V6. The white lead running from 
pin 5 of the octal holder of C101 to the "Xtal/Bol" 
switch on the front panel is removed from the 
switch tag and connected to the unearthed end of 
R111, which is mounted on the main under -chassis 
tagboard. This effectively puts C101B back in a 
useful circuit, improving the gain of the output 
stage. A simple tone -correcting circuit is now 
inserted in place of the two parallel anode load 
resistors R112 and R113. Again, these are clearly 
marked on the main tagboard, and each has a value 
of 35k12 at 2 watt rating. Remove these two 
resistors and wire in a 10k S2 half -watt resistor in 
series with a 0.01 tLF capacitor across the tagboard 
between the tags left vacant by their removal. (See 
Fig. 2.) This circuit gives a degree of treble cut and 
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Bolt standard output 
transformer to rear 
of chassis 

V 
Chassis 11 t99 
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Cpl 

Insert this 
cannectiQr 

CITO 

CITI 

101 

Main 
bus -bar 

Remove C114 behind 
output transformer 

can be adjusted in values to suit the listener's ear. 
Finally, the 6V6 anode circuit is fitted with a 
standard pentode replacement type output trans- 
former.2 With the earlier removal of the high 
wattage h.t. resistors, there is ample space at the 
rear of the chassis for mounting the transformer. 

2 A ratio between 40:1 and 50:1 should be adequate for matching 
the 6V6 to a 3S1 speaker.-Enrroa. 
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pF 
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Fig. 4. A suggested tone control network for insertion 
between V1 and V2. The additional components appear 
between points A and B. If desired, R102 (Input 2 

Gain) may function as the 250k12 potentiometer, only 
Input 1 being retained 
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Below -chassis view of an Indicator modified by the 
author. The series mains capacitors, Cx, can be seen 
at the left hand edge of the chassis. The output 
transformer is fitted to the rear of the chassis, R116, 
R117 and R118 having been removed. Also visible is the 
speaker jack socket at the "Bol/Xtal" switch position. 
(The two coils at the right of the chassis are for switched 
local station reception, in conjunction with a crystal 
diode, and they do not appear in the modification 

described in the text) 

One primary lead connects to the nearest h.t. point 
and the other primary lead is connected to pin 3 of 
the 6V6. Connect one side of the secondary to 
chassis and the other to a socket on the front panel. 
(See Fig. 3.) A 3S2 speaker connected to this socket 
completes the output stage. For convenience a jack 
socket can be mounted at the front with one terminal 
connected to chassis, via the bus -bar. A standard 
jack socket will mount comfortably in the hole 
given by removing the "Xtal/Bol" switch. 

(3) Amplifier Stages 
The amount of work done on the amplifier stages 

is largely a matter of personal choice, as experienced 
constructors will have their own ideas about inserting 
tone control circuits between V1 and V2. A fairly 
typical network is shown in Fig. 4. In its unmodified 
form, the Indicator has too narrow a response and 
while this is improved by the output stage modifica- 
tions, the fitted anode to grid coupling capacitors 
of V1 and V2 should be replaced with higher values. 
Remove the two moulded mica capacitors C105 and 
Clog and replace them with 0.4.F 350 volt com- 
ponents. From V2 right back to the input, all signal 
handling circuits have their chassis points connected 
to a heavy tinned copper bus -bar in accordance with 
good amplifier construction and if connections are 
made to or removed from this bus -bar, a really hot 
iron with a substantial bit must be used. The grid 
circuit of V2 contains a 0.5M9 potentiometer 
marked "Master Gain Control". This is the chief 
volume control in the converted Indicator and 
requires no modifications. Input leads are well 
screened and V1 is mounted on a double sprung 
anti-microphonic valveholder supported above the 
chassis. Heaters are centre -tapped to reduce hum 
and cathode bypass capacitors are quite generous 
in value. 
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Slider of 
Input I pot. 
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Input 2 pot. Input 1 pot. 
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(permanent) (switchable) 

a b 
Fig. 5 (a). The input switch wired for selecting either 

Input 1 or Input 2 
(b). An alternative method of wiring which allows 

mixing and fading 

(4) Input Circuit 
The modified input circuit given in Fig. 2 shows 

the original matching transformer removed and the 
input switch rewired to select either Input 1 or 
Input 2. If the two inputs are required simultane- 
ously for continuous mixing, the pair of tags at 
each end of the switch should be short-circuited to 
give permanent connections to the sliders of the 
two input controls. This wastes a switch, however, 
and a better arrangement is shown in Fig. 5 (b), 
where the switch is still in circuit and can cut out 
the unwanted input as required. Note that in the 
modified input circuit the grid of V1 is permanently 
wired in screened cable to the top end of both input 
potentiometers and not to their sliders. If this is 
not done, the slider nearest chassis would tend to 
shut down the input to V1 even if there was full 
input to the second potentiometer. 

Finally R119i a 20052 2 watt resistor, which is 
situated at the extreme end of the main tagboard, is 
removed. If left in circuit it will be in parallel with 
the cathode bias resistor of the output stage and 
would reduce the bias voltage. The "Xtal/Bol" 
switch is now redundant and can join C114 in the 
spares box. The input sockets on the Indicator are 
of the now -familiar screw -on coaxial type. Coaxial 
plugs for these sockets are fairly readily obtainable 
on the surplus market, and for permanent noise -free 
connections they are quite excellent. If frequent 
changes of input are required, it may be more 
convenient to fit standard TV coaxial sockets. 

Final Conversion Points 
After the conversion has been carried out as 

described above, a final check of wiring should be 
made to see that all circuits are correctly wired. 
Wherever the removal of an original component 
leaves a loose lead inside the chassis, trace the wire 
back to its previous terminal or tag and clip it off 
cleanly. Take care not to cut any second or third 
lead running to the same point, unless it is obviously 
not required in the converted circuit. 

Conclusion 
While this instrument will be recognised as a 

well designed job, no pretence is made that the 
conversion will produce high fidelity results. In any 
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case, simple single ended output stages are not 
designed for or expected to produce high quality. 
The modified unit does have high gain, however, 
and a very pleasing response when modified. The 
keener tape enthusiast could use the unit as the basis 
for a complete record -replay amplifier. With a more 

generous mains transformer fitted push-pull output 
can be incorporated, a bias oscillator fitted and the 
meter used as a record level indicator. On the other 
hand, the few shillings involved in getting the 
indicator working to the condition described in this 
article are more than justified by the results. 
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A.F. OSCILLATORS ARE ALWAYS 
useful for servicing work or 
for morse practice and the 

like, and it is frequently advantageous 
to design such oscillators with the 
minimum number of components. 
The present article describes an 
oscillator which has an exceptionally 
small quantity of components, and 
it has the further advantages that 
these are not critical in value and 
that only a low voltage power supply 
is required. 

The author hopes that he will be 
excused a little mild chicanery if he 
initially introduces the circuit of the 
oscillator in the manner shown in 
Fig. 1. As may be seen, the oscillator 
comprises only one transistor, two 
capacitors and a resistor. Yet, when 
a pair of high impedance phones are 
connected to the output terminals, 
they reproduce a sinusoidal a.f. tone 
at a volume which is significantly 
higher than comfortable listening 
level! 

Colpitts Oscillator 
Most readers will have spotted the 
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The circuits presented in this series have been 

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

who needs only the circuit arid essential data 

No. 158 The "Chicane" A.F. Oscillator 

trick which has been employed, and 
this becomes more obvious if we 
introduce the phones into the 
diagram, as we do in Fig. 2. It may 
now be seen that the oscillator uses 
the Colpitts configuration, and that 
the phones which reproduce the tone 

Output 
terminals 

Cl C2 
O.1pF O.OSpF 

3V main 

Fig. 1. The "Chicane" a.f. 
oscillator. This causes a 
sinusoidal a.f: tone to be heard 
in high impedance phones 
connected to the output terminals 

also provide the inductance for the 
tuned circuit. Despite this artifice 
the circuit is still a perfectly practi- 
cable proposition, and it can prove 
to be of considerable use in any 
application where a fixed frequency 
a.f. oscillator is required. 

The basic a.c. Colpitts oscillator 
circuit is shown in Fig. 3. In this 
diagram the tuned circuit is provided 
by the inductor and the series com- 
bination of Ci and C2. It may, 
perhaps, be helpful to assume 
earthed emitter operation for the 
moment, whereupon we can say that 
signal voltage at the collector appears 
at the base 180° out of phase, as is 
required for amplification, and that 
the earthy tap into the tuned circuit 
appears at the junction of C1 and C2. 
In fact, however, the operation of 
the circuit can be explained just as 
readily from the point of view of an 
earthed base or an earthed collector 
transistor. 

The Colpitts oscillator has the 
advantage that no tap into the induc- 
tor is required; but it is difficult to 
translate the a.c. circuit of Fig. 3 
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Fig. 2. When the headphones 
are introduced it may be seen 
that a Colpitts configuration is 
set up, the inductance of the 
phones and C1C2 providing the 
tuned circuit. An 0072 transistor 
is shown, but equivalent results 
can be given by other types 

into a practical equivalent running 
from a single power supply without 
introducing several extra resistors. 
These are required to isolate the 
emitter for a.c. and to bias the base. 
It may also be necessary to include 
an additional capacitor to provide 
a.c. coupling from the base to the 
upper end of the tuned circuit. A 
possible circuit running from a single 
power supply is shown in Fig. 4, and 
this is manifestly wasteful of com- 
ponents. 

The simplest solution consists of 
employing two batteries for the 
supply, as in Fig. 2. In this circuit 
the upper end of the tuned circuit 
(given by the inductance of the 
phones and the series combination 
of C1 and C2) is coupled direct to the 
base by way of the 3 volt battery. 
Also, the emitter is automatically 
isolated for a.c. via its bias resistor, 
which is in any case a necessary 
adjunct for correct transistor opera- 
tion. 

Fig. 3. The a.c. circuit for the 
Colpitts oscillator. C1 and C2 

correspond to the similarly 
identified components in Figs. 1 

and 2 

Results with the Prototype 
A prototype was wired up to the 

circuit given in Fig. 2, and it em- 
ployed an 0072 together with a pair 
of 2,0000 phones (i.e. two 2,0000 
earpieces in series). The component 
values shown were found by experi- 
ment, and resulted in the generation 
of a tone at around 1,000 c/s. The 
values of C1 and C2 may need 
adjustment to provide the desired 
tone if phones having inductances 
significantly different from those 
employed by the author are used. 
Whatever the values employed, C2 
should always have a lower capaci- 
tance than C1. With the prototype, 
it was found that reliable oscillations 
were produced when C2 had a value 
lying anywhere between f and 35 

that of C1. This relationship is to 
be expected from a consideration of 
Fig. 3, where it will be noted that a 
higher reactance in C2 ensures that 
the emitter tap into the tuned circuit 
will be less than half -way from the 
base end. 

The value of the emitter bias 
resistor (4.7k0) was also determined 
by experiment, and it provides a 
collector current which lies between 
the upper and lower extremes at 
which oscillation rP.asPs. Variations 
in bias resistance affect the frequency 
of the a.f. tone, possibly because 
they cause alterations in the collector 
current flowing through the phones 
and, hence, the incremental induc- 
tance which these offer. With the 
value specified here, the collector 
current in the prototype was 0.2mA. 

The two headphones in series 
were then exchanged for a single 
2,0000 earpiece. The oscillator 
functioned just as reliably, but the 
frequency of oscillation increased 
slightly due to the reduced induc- 
tance in the tuned circuit. A personal 
earphone with a nominal impedance 
of 1,0000 and a d.c. resistance of 
approximately 6000* was next tried 
and reliable oscillation occurred 
once more, this time at about 4 kc/s. 
The frequency of oscillation in the 
last two instances could, of course, 
be reduced by increasing the values 
of C1 and C2. 

Finally, two other transistors were 
used in place of the 0072. One was 
an unbranded "a.f. type" and the 
other an 0C44. Both gave the same 
results as the 0072, and it would 
appear from this that the type of 
transistor employed in the circuit is 
not unduly critical. 

Since the internal resistance of the 
3 volt battery is in series with the 
coupling to the base, this battery was 

*Personal earphone type 'A' (1,0000 imped- 
ance) Henry's Radio Ltd. 

r 

/ 
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Bias 
resistors 

Isolating 
resistor 

Fig. 4. A possible method (not 
checked by the writer) of wiring 
a Colpitts oscillator to run from 
a single supply. The capacitor 
shown in dotted line may be 
needed to provide an a.c. 
coupling from the transistor base 
to the upper end of the tuned 

circuit 

d 

1 
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Fig. 5 (a). It is necessary for the 
on -off switch to interrupt two of 
the supply leads. A suitable 
circuit is shown here (b). An a.f. 
output may be obtained, via a 

0.005µF capacitor, from the 
collector and base of the 

transistor 
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shunted by a 10µF electrolytic cap- 
acitor. The addition of the electro- 
lytic capacitor had no noticeable 
effect on oscillator operation, and it 
was felt that there was little point in 
including it in the circuit. 

Further Points 
Several further points need to ne 

finally dealt with. 
If the oscillator is to be used for 

morse practice, a key can be con- 

veniently inserted between the posi- 
tive terminal of the 1.5 volt cell and 
the 4.7k52 resistor. It should be 
possible to connect a further pair of 
2,0002 phones in parallel with those 
shown in Fig. 2, the values of C1 
and C2 being increased, if it is felt 
necessary, to offset the effect of the 
reduced inductance in the tuned 
circuit. The writer did not check the 
prototype with more than one pair 
of phones. 

If an on -off switch is to be incor- 
porated, it should break any two of 
the supply connections. A suitable 
switching circuit is shown in Fig. 
5 (a). 

The circuit is capable of offering 
an a.f. tone for application to any 
medium or high impedance circuit. 
This tone may be taken from the 
base and collector of the transistor 
by way of a 0.005µF isolating 
capacitor, as shown in Fig. 5 (b). 

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. 

Hallicrafters S38C Receiver.-D. J. Atkins, 6 New- 
field Road, Coventry, Warks., wishes to borrow or 
buy the manual and/or circuit for this receiver. 

* * * 

Ekco Car Radio, Model CR61.-T. Inkester, 13 
Dormer Place, Leamington Spa, Warks., requires 
the circuit and/or valve line-up or any information 
on this receiver. 

Grundig Service Manual.-C. J. Barber, 29 Higher 
Cadewell Lane, Torquay, Devon, wishes to obtain 
a copy of the manual for the "Specialist" tape 
recorder TK820/3D (complete, not abridged). 

* * * 

Canadian No. 19 Mk. III Tx/Rx.-D. Gomez, 
50 Grove Park Gardens, London, W.4, requires the 
circuit or service manual. 

HRO Senior MX Communication Receiver.-H. 
Ross, 577 Dumbarton Road, Dalmuire West, 
Clydebank, Glasgow, would like to purchase the 
handbook and coils J. H. G. 

* 

Crystals.-F./O. V. J. Reynolds, R.A.F.V.R., 
G3COY, requires to know where the following 
crystals may be obtained (any type of base) -3715, 
3752 and 4925 kc/s. 

* 

R103 Mk. II Receiver.-D. Elliott, 25 Princess 
Drive, Kirby Muxloe, Leics., wishes to borrow the 
circuit or any modification information. 

Hallicrafters "Sky -Buddy" Receiver.-A. Harper, 
136 Gill Street, Benwell, Newcastle -on -Tyne 4, 
requires the service sheet or any information on this 
communications receiver. 
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Fixed 
Frequency 

Audio 
Oscillator 

A. S. Carpenter 
A.M.I.P.R.E. 

REGULAR READERS MAY REMEMBER THAT IN AN 
earlier issue of this journal a simple mains 
power pack was described) to which small 

pieces of equipment could be connected. In a 
subsequent issue details of an easily made alignment 
aid were given .2 

The fixed frequency audio oscillator to be des- 
cribed here is another simple, but handy accessory, 
which may similarly take its power from the power 
unit previously discussed. 

1 "Small Power Supply Unit", by A. S. Carpenter, The Radio 
Constructor, August 1962. 

2 "An Oxo Tin Alignment Aid", by A. S. Carpenter, The Radio 
Constructor, October 1962. 

CI C2 C3 

-II 11 t 11 

4 

The present unit can be useful as a signal injector, 
and has the particular advantage that its output 
waveform is a harmonic -rich square wave. If the 
frequency chosen for the oscillator is, say, 1,000 
c/s it will be possible to hear the odd or even 
harmonics, when the fundamental tone is injected 
at suitable points into a receiver or amplifier. 

In this way it is frequently possible to isolate 
the offending stage in faulty equipment, whereupon 
a closer inspection can reveal the actual component 
responsible. The unit may also be used to energise 
a bridge, modulate an r.f. generator, or meet 
other requirements in which an audio tone is 
needed. 

The Circuit 
From Fig. 1 it may be seen that the oscillator 

proper, around Vi(a), is of the phase shift type. 
Energy from the anode to the grid passes through 
the network formed by R1, R2, R3, CI, C2, C3, 
these components causing the a.c. at the anode 
to be displaced in phase through 180° at an audio 
frequency. 

A phase shift oscillator can easily be constructed 
around a single triode or pentode, a fairly high 
gain valve normally being used to overcome the 
losses in the phase shift network. The valve specified 
here is not a type which is normally selected for low 
frequency work, but it does, nevertheless, perform 
well in the present application. It must be noted 
that on no account should an ECC81, ECC82 or 
ECC83, be used with the layout shown, as the pin 
connections differ. 

R6 VRI 

C6 

Output (O ) 

Power supply 

plug 

Fig. 1. The circuit of the oscillator unit. The power supply plug shown is intended to be fitted to o power unit described 
in a previous issue. (The electrolytic capacitor illustrated in dotted line is fitted in this power unit.) 
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Fig. 2. Typical output waveform 

The output from a phase shift oscillator is 
normally reckoned to be a sine wave but it might, 
in practice, be anything but pure. Some notes 
concerning this are given later. 

Although it is possible to provide a moderately 
wide frequency coverage with the phase shift oscil- 
lator this is rarely attempted, at any rate, in simple 
amateur equipment, the fixed frequency operating 
mode being considered adequate. Where wide 
band working is essential the Wien bridge principle 
is more likely to be employed. 

In a simple phase shift oscillator of the type 
presented here the operating frequency is altered 
if the value of any of the capacitors or resistors 
included in the shifting network is changed. When, 
in the prototype, R2 was replaced by a 47kL) 
resistor in series with a 250k12 variable resistor, it 
was found possible to vary the audio note between 
880 and 1,050 c/s approximately. This suggests an 
excellent way of adjusting the unit fairly accurately, 
if required, a suitable B.B.C. tuning note, or even 
a piano, being used as a reference.3 

Components List 
Resistors 
(All fixed resistors 10 %, *W, unless otherwise stated) 
R1 100kí2 
R2 100kí2 (see text) 
R3 l0Okf2 
R4 2.2kû iW 
R5 39k f2 (see text) 
R6 IOOk12 
R7 6.8k12 
R8 100k12 (see text) 
VR1 500k0 pot lin 

Capacitors 
C1 470pF 5% Polystyrene 
C2 470pF 5% Polystyrene 
C3 470pF 5% Polystyrene 
C4 25µF 12 w.v. electrolytic 
C5 0.047µF paper 
C6 0.11.LF paper 

Valve 
V1 (a) (b) ECC84 

Chassis e x x1*in 

Miscellaneous 
5 -way tagstrip (one end -tag only may be earthed) 
B9A valveholder with skirt and screen 
Coaxial output socket. (Belling -Lee L604/S, or 

equivalent) 
3 -core cable 
Octal plug 

Bend down 

Dimensions 

In inches 

dia 

8 

Fig. 3. Details of the chassis 

The Second Triode 
When the oscillator is functioning correctly a 

sine wave at about 1,000 c/s appears at the grid of 
Vi(b) and may be extracted from this point if 
required. If, however, it is allowed to pass through 
V1(b) shaping occurs, and a square wave results. 
This may be extracted via VR1 and the output socket 
provided. In the prototype a reading of some 20 
volts was obtained here on a transistor voltmeter 
calibrated in r.m.s. values when VR1 was set to 
maximum output. The output waveform monitored 
on a high input impedance oscilloscope is shown in 
Fig. 2 and, with the prototype, was not greatly 
degraded when VR1 was adjusted, except at very 
low output. 

Beginners might be puzzled at the location of 
VRi, and the "chassis" connection to its track 
might not at first be obvious. If it is remembered 
that the h.t. rail is effectively at chassis potential 
for alternating currents, due to the electrolytic 
capacitor shown in broken lines in Fig. 1 (and 
situated in the power unit already described), the 
matter will be less perplexing. 

General Points of Interest 
Although constructors with no means of checking 

the waveforms will find the unit extremely useful, 
those who do possess oscilloscopes might find the 
following remarks of interest. 

Several factors must be borne in mind if it is 
desired to obtain a good sine wave at Vi(b) grid, 
and the values chosen for C4, R4 and R5 affect the 
shape considerably. It might be beneficial to fit a 
2501x2 variable resistor initially in place of R5. If 
such a control is carefully manipulated the output 
waveform (at pin 2) can be made to give a good 
sine form, the purest wave normally being synony- 
mous with lowest amplitude. Because of this fact, 
it might be necessary to employ a waveform which 
is slightly less perfect. 

3 The C two octaves above Middle C has a frequency of 1.047 cis, 
and the B immediately below this a frequency of 988 c/s. Normally, 
the B.B.C. transmits a 1.000 cis tuning signal on the Home Service 
and Television frequencies. See "B.B.C. Tuning Signals", The Radio 
Constructor, June 1962.-Enrros. 
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3 -core cable to plug 

M. Chassis 

250V 
Tag strip 

Fig. 4. Wiring layout below the chassis. With respect to the 5 -way tagstrip, it is important to note that the only tag 
which may be at chassis potential is that nearest the valveholder 

The inclusion of R7 is desirable, or oscillation 
might not occur due to damping. The square 
wave output mark -space ratio can be varied by 
modifying the value of R8. 

Constructional Notes 
Only a very small chassis is necessary, as may be 

seen from Fig. 3. It might, alternatively, be possible 
to make use of a 2 -oz tobacco tin. A complete 
wiring diagram is given in Fig. 4, where it will be 
noted that all wire -ended components are neatly 
anchored to a small tagstrip. The type of tagstrip 
used is unimportant provided it has not less than 
four chassis isolated tags. Supplies are picked up 
from the power unit mentioned by means of a 3 -core 
cable or by three flexible leads (with differently 
coloured insulation and plaited together) terminated 
at the remote end by an octal plug. A grommet is 

necessary at the hole on the chassis top plate for 
the power supply leads.4 

Testing the Unit 
Assuming that no wiring faults exist, testing may 

be carried out by temporarily connecting a pair of 
high impedance headphones to the output socket. 
If no phones are available the pick-up sockets of a 
broadcast receiver may be used. With the oscillator 
connected to the power unit and the mains switch 
closed, a strong audio note should be heard due to 
the oscillator. The frequency of the note may then 
be judged, or otherwise adjusted as mentioned 
earlier. 

4 It is not, of course, essential to employ the power supply described 
in the August 1962 issue. Any isolated power unit offering 6.3 volts 
at 0.33 amps for the ECC84 heater, and an h.t. voltage of 220-250 
at 20mA may be used instead. Such a power unit should have one 
side of the heater supply and h.t. negative at chassis potential, and 
the h.t. output should be shunted by an electrolytic smoothing 
capacitor having a value of 321.LF or more.-EDrroR. 

TSR2 AIRCRAFT WILL USE E M I RADAR 

The TSR2 strike reconnaissance aircraft is to be fitted with two new forms of electronic aids to aerial reconnaissance 
developed by EMI Electronics Ltd. 

The first, known as Sideways Looking Radar, can provide an accurate map of the territory over which the aircraft 
is flying. Radar lobes extend out on either side of the aircraft and thus avoid giving advance information, to the enemy's 
counter measures, of the aircraft's arrival. 

The second is known as Line Scan and consists of an optical scanner which provides pictorial information of the 
ground as viewed from the aircraft. This information can be stored in the aircraft or transmitted to a ground station 
whilst the aircraft is still in flight, automatically producing a photograph of a strip of the ground along the aircraft's 
track at the ground station. Thus, reconnaissance information is available even if the aircraft should not return. 
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Speech -on -Light System 

for Communication 

C. MORGAN 

HE NEED FOR A SIMPLE BUT 
efficient system of communica- 
tion recently arose between 

two friends. Connection by way of 
wires was out of the question, and 
the writer was approached to see 
whether he could offer any solution 
to the problem. After some thought 
he recalled a system of communica- 
tion that had been used many 
years ago to provide contact between 
an aircraft and the ground. This 
method was known as "speech -on - 
light", and it had considerable 
success, as long as the aircraft was 
visible from the ground, at a range 
of about half a mile or less. Outside 
that range the system became un- 
usable. 

The basic method of operating 
a speech -on -light link is to modulate 
a steady light source with an audio 
frequency. The fluctuations in light 
are then converted to a.f. voltages 
by a distant photo -cell, applied to 
an amplifier, and reproduced as 
audio once again. 

Microphone 

Speech 

amplifier 

A Practical System 
The writer decided to see whether 

this system could be put into use 
with simple components and equip- 
ment, and he found that results 
were far better than had been 
anticipated. Due to the nature 
of the components employed, par- 
ticularly at the transmitting end, 
there was a loss of the higher audio 
frequencies but, whilst this prevented 
the transmission of music without 
considerable distortion, speech could 
be received with perfectly adequate 
clarity. The system that was finally 
devised worked satisfactorily over 
a distance of 100 feet. 

The transmitter consists of an 
amplifier coupled, by way of an 
audio transformer, to a small 
filament bulb. Also connected into 
the bulb circuit is a battery that 
causes the bulb to be partly illumina- 
ted. The a.f. from the transformer 
then varies the intensity of light 
from the bulb and, in consequence, 
modulates it. See Fig. 1. 

Speech lamp 

Audio 

trans orner 

Battery 

TRANSMITTER RECEIVER 

Fig. 1. The basic "speech -on -light" communications system 

Speaker 
transformer 

3V 
battery 

HT+ 

25V C -3A 
lamp 

Anode of output 
valve 

Fig. 2. Connecting the 
transmitting lamp and 
battery to the output stage of an 
a.c. mains receiver. The receiver speaker is 

disconnected 

At the receiver, an OCP71 photo- 
transistor picks up the modulated 
light beam and offers an a.f. output 
which is fed to an audio amplifier. 
The output from the latter then 
feeds a speaker or a pair of phones. 

In order to obtain a useful range 
it is desirable to fit a focusing lens 
or mirror to both the transmitting 
lamp and receiving phototransistor. 

In the writer's case, the amplifier 
employed at the transmitting end 
consisted of the triode and pentode 
a.f. stages of an a.c. mains radio 
fitted with pick-up sockets. The 
model used had a double -wound 
mains transformer, with the result 
that all additional wiring was 
isolated from the mains supply 
with a consequent reduction in 
the risk of shock. The output 
transformer in the receiver was 
identified, and the connections to 
the secondary disconnected from 
the speaker. A 3 volt battery and 
a 2.5 volt 0.3 amp torch bulb were 
then connected in series with the 
secondary as shown in Fig. 2. 

When these connections are made 
the bulb will, of course, become 
illuminated. The next process con- 
sists of connecting an aerial to 
the receiver, turning the volume 
to minimum and tuning in to a 
station. No sound will, of course, 
be heard because the speaker is 
disconnected, but if the volume 
control is turned up slightly it will 
be noted that the light from the bulb 
commences to fluctuate in sympathy 
with the signal being received. 
The volume control should not be 
turned up too high because excessive 
signal level from the output trans- 
former may cause the bulb to burn 
out. The volume control should, 
for similar reasons, be set to mini- 
mum when changing from one 
waveband to another. 
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Output to 
external 
amplifier 

9-12 volts i 
T` 

Switch 

Fig. 3. The circuit in which the OCP71 is employed 

After this, a suitable microphone 
can be connected to the pick-up 
terminals of the receiver. The writer 
initially employed an ex-G.P.O. 
carbon microphone, complete with 
step-up transformer and energising 
battery, and this offered more than 
adequate output. Later, a small 
moving coil speaker was used 
instead of the carbon microphone 
(but still employing the step-up 
transformer) and, whilst the available 
output was reduced, the quality 
of the modulation was noticeably 
improved. 

After the microphone has been 
connected into circuit, operation 
may be checked by observing the 
bulb whilst speaking into the 
microphone. If there is a fluctuation 
in the light from the bulb then 
operation is satisfactory. The re- 
ceiver volume control will need to 
be set up for best conditions when 

Paxolin tube 8x2e 

the microphone is in use, and it 
should be remembered that excessive 
a.f. at the receiver output trans- 
former can still cause the bulb to 
burn out. 
The Receiver 

At the receiving end, all that 
is required is an OCP71 with 
associated components, and another 
a.f. amplifier. The writer employed 
a tape recorder amplifier, but it is 
probable that a two valve amplifier, 
as used at the transmitter, should 
prove adequate. Alternatively a 
small transistor amplifier could be 
used.* 

The OCP71 is connected up in 
the circuit shown in Fig. 3. In 
this diagram the inductor L consists 
of an a.f. choke. A smoothing 
choke as employed in a power 
pack is quite satisfactory here, but 
a small physical size is desirable 
in order to reduce the bulk and 
weight of the OCP71 unit. Fortun- 
ately, the limited audio frequencies 

Light beam 

Sights 

Elastic band Bulb 

Deep red paper on end 

of tube (if required ) 

Paxolin tube 

Reflected light 
illuminates all 
of OCP 71 

OCP71 

OCP 71 

components 

Output socket 
to amplifier 

Reflector 

Fig. 5. The OCP71 receiving assembly 

Reflector 

To speaker transformer 
secondary and battery 

Fig. 4. The transmitting bulb, reflector and housing 

over which the communications 
system is required to work do not 
call for a critical value of inductance 
in this component. 
Mounting the Lamp and Photo- 
transistor 

Both the lamp and the photo- 
transistor can be mounted in similar 
housings. The lamp housing is 
shown in Fig. 4 and, as may be 
seen, this comprises a Paxolin 
tube fitted at one end with the bulb 
and its reflector. Two small sights 
fitted to the outside of the tube 

The type of amplifier in an installation 
of this nature is a matter for experiment. 
However, unless there is a close coupling via 
the optical path between the transmitting lamp 
and the OCP71, it would appear that an 
amplifier with somewhat greater gain than 
that offered by the a.f. stages of a valve 
radio would be needed.-EDITOR. 
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assist in aligning the lamp on to 
the OCP71. An interesting point is 
that, since the OCP71 is sensitive 
to infra -red radiation, performance 
is hardly affected if a red filter is 
fitted in front of the lamp. The 
writer found that he could, indeed, 
obtain satisfactory results by simply 
employing red paper as a filter. 
The result is that communication 
is still obtained, even though the 

beam of light becomes virtually 
invisible. 

The receiver housing is shown 
in Fig. 5, and this is very similar 
to that used by the transmitting 
lamp. The phototransistor is mount- 
ed in a horizontal position with 
its base away from the reflector. 
This ensures that all of its light- 
sensitive area is illuminated by 
the light from the transmitter. 

The reflector employed at the 
receiver is a glass type and that 
used by the writer had measurements 
of 5cm x 5cm (i.e. diameter and 
focus). Suitable reflectors are avail- 
able through some photographic 
dealers. It is important to note 
that the OCP71 housing should 
never be pointed directly at the 
sun, as the intense light then focused 
on the cell may ruin it. 

The twenty-ninth in a series of 
articles which, starting from first 
principles, describes the basic theory 

and practice of radio 

part 29 

understanding radio 

IN LAST MONTH'S ARTICLE WE CONTINUED OUR 
discussion on i.f. transformers, showing that 
these fall within the category of "band pass 

filters". A number of band pass filter circuits were 
then considered. We concluded by introducing the 
subject of screening at radio frequencies, dealing in 
particular with the screening cans which are fitted 
to i.f. transformers, and the manner in which these 
constrain the magnetic field about such transformers. 
We shall now carry on to examine how screens may 
be used to prevent capacitive couplings. 
Screening -Capacitive 

In Fig. 180 (a) we see two metal plates mounted 
in air. Since air is an insulator and the two plates 
are conductors, a capacitance exists between them. 
As we saw when we initially introduced capacitors,1 
we can draw lines of electric force between the two 
plates as in Fig. 180 (b), these representing the 
electric field between them.2 

In applications of the type encountered in radio 
it is feasible for the plates to appear in a single item 

t in "Understanding Radio" part 8, April 1962 issue. 
2 Such a field exists when the plates have differing potentials, as 

will be the case in the examples of capacitive coupling to be discussed 
here. 

By W. G. MORLEY 

of equipment, and to be connected up in such a 
manner that an alternating voltage is applied to 
one, whilst the second plate connects to a load. 
Both the source of alternating voltage and the load 
will have a common connection by way of the metal 
chassis of the equipment, whereupon we have the 
basic circuit which is shown in Fig. 180 (c). Since, 
in Fig. 180 (c), capacitance exists between the two 
plates, a proportion of the alternating voltage on 
the left-hand plate will appear on the right-hand 
plate also. In consequence, a proportion of the 
alternating voltage appears across the load. 

In some instances, the capacitive coupling between 
the generator and the load may be undesirable, 
whereupon steps have to be taken to reduce it. One 
simple method of reducing the coupling is to 
increase the distance between the two plates; but it 
may not be possible in practice to obtain sufficient 
spacing to reduce the capacitance to an adequately 
low level. An alternative approach consists of 
interposing a metal screen, as in Fig. 180 (d). The 
screen is connected to chassis, with the result that 
the lines of electric force which previousiy existed 
between the two plates are now interrupted, and a 
new field appears between the left-hand plate and 
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Metal plates Unes of electric 

force 
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alternating 
voltage 
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OO 

Lines of electric 
force 

_Lines of electric 
force 
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Fig. 180 (a). A capacitance exists between two metal 
plates positioned as shown here 

(b). The presence of capacitance is indicated by an 
electric field between the plates when they have 

differing potentials 
(c). In this basic circuit, a proportion of the 
alternating voltage appears across the load, which 

may be a resistor or an impedance 
(d). Interposing a screen between the two plates 
(e). The screen interrupts the capacitive coupling 

between the plates 

the screen. See Fig. 180 (e). There is now no field 
between the left-hand plate and the right-hand 
plate, whereupon no capacitive coupling exists 
between the two and none of the alternating voltage 
appears across the load. The capacitance coupling 
has been broken by the screen. 

In practical radio work it is only rarely that an 
unwanted capacitive coupling appears between two 
plates of the type shown in Fig. 180. Instead, the 
unwanted coupling will occur between wires, 
terminals, solder tags, and so on. Nevertheless, the 
capacitive coupling between such conductors may 
still be interrupted, as with the plates, by interposing 
a screen connected to chassis. We use the plates 
here merely for convenience of illustration. 

When discussing Figs. 180 (d) and (e) we stated 
that, after the screen had been introduced between 
the two plates, there was no capacitive coupling 
between them. This is not entirely true, however, 
because it is possible for a small proportion of the 
electric field to extend around the edges of the 
screen and thereby still permit a small capacitive 
coupling to exist. This capacitive coupling can be 
reduced to negligible proportions by increasing the 
area of the screen, or it can be removed altogether 
by completely enclosing one or other of the plates, 
as in Fig. 181 (a) or (b). Since, in both these 
instances, the electric field about the left-hand plate 
cannot pass further than the screen, the capacitance 
between the plates drops to zero. 

To function correctly, it is necessary for the screen 
to be connected to chassis. In Fig. 182 (a) we see 
the same set of conditions as we had in Fig. 180 (e), 
with the exception that the screen is not connected 
to chassis. What happens in this instance is that 
lines of electric force extend to the screen from the 
left-hand plate and that similar lines of force carry 
on from the screen to the right-hand plate. The 
effect is the same as that demonstrated by the two 
capacitors shown in Fig. 182 (b), the left-hand 
capacitor being given by the left-hand plate of 
Fig. 182 (a) and the screen, and the right-hand 
capacitor being given by the screen and the right- 
hand plate of Fig. 182 (a). The screen does not, in 
consequence, reduce the capacitive coupling between 
the two plates. We may see, therefore, that if we 
employ a screen to remove capacitive couplings 
between conductors, it is essential that the screen 
be connected to the chassis of the associated equip- 
ment. This is analogous to adding a chassis connec- 
tion to the two capacitors of Fig. 182 (b), giving the 
circuit shown in Fig. 182 (c) in which it is obvious 
that none of the alternating voltage can appear 
across the load. 

A further point which may now be introduced is 
that the screen will be less effective if there is a 
significant resistance or impedance in series with its 
connection to chassis. The analogous circuits of 
Figs. 182 (b) and (c) would then take up the form 
shown in Fig. 182 (d). 

Finally, we should consider what occurs if the 
screen does not present a completely unbroken 
surface to the conductors. An instance is given in 
Fig. 183, wherein the screen has an aperture. This 
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diagram also illustrates the electric field conditions 
which exist about the aperture. Because the metal 
of the screen around the aperture offers a greater 
attraction to the field from the left-hand plate than 
does the distant right-hand plate, most of the field 
travels to the screen instead of to the right-hand 
plate. Thus, the capacitive coupling between the 
two plates is considerably reduced by the perforated 
screen, even if it is not entirely brought to zero. In 
practice, it is usual to find that screens with a 
number of perforations can reduce capacitive 
coupling to negligibly low proportions if the 
perforations are small in area compared with the 
area of metal around them. The capacitive coupling 
which finally results depends upon the size and 
number of perforations, and the spacing between 
the conductors and the screen. Perforated screens 
are of value for some applications, a typical instance 
being given when it is desired to allow the passage 
of air through the screen for ventilation. 

Coil Screening 
We introduced the question of screening by way 

of the i.f. transformer screening can and we should, 
therefore, return to this application before dealing 
with any further aspects of screening. 

As we may now see, the metal screening can fitted 
to the i.f. transformer prevents both inductive and 
capacitive couplings between the transformer and 

Lines of electric 
force 

Screen 

Lines of electric 

force 

n 

CD 

Fig. 181 (a). Complete screening between the two 
plates may be achieved by having one enclosed by the 
screen. (A small hole is provided in the screen for the 

lead -out wire) 
(b). Complete screening is also provided if the other 

plate is enclosed by the screen 

JANUARY 1964 

Lines of electric force 

O 
Capacitance between 

left hand plate and 

screen -- 

Capacitance between 

right hand plate and 
scree_ / 

Fig. 182 (a). If the screen is not connected to chassis 
it does not interrupt the capacitive coupling between 

the plates 
(b). The screen and plates of (a) con be represented 

as shown here 
(c). The effect given by connecting the screen to 

chassis 
(d). The efficiency of the screening is reduced if 
resistance (or impedance) is inserted in the chassis 

connection to the screen 

components mounted close to it. Inductive couplings 
are prevented because the magnetic field about the 
transformer coils is changing at radio frequency, 
and this sets up currents in the inside surface of the 
can which produce opposing fields. Thus, the 
magnetic field can only enter the material of the 
can for a small distance before the opposing fields 
cause it to be almost completely cancelled out. 
Capacitive couplings are prevented because the can 
is connected to chassis, and the electric fields from 
the coils and wiring pass to the inside surface of the 
can and no further. The typical i.f. transformer 
cans we have discussed employ unperforated metal, 
apart from the fact that small holes are provided 
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Aperture n screen 

Lines of electric force 

Fig. 183. If the screen has an aperture most of the 
field passes to the screen, but some may pass through 

to the second plate 

to allow trimming adjustments to be made. Also, 
the cans do not entirely enclose the transformer, as 
the bottom part is left open. In instances where a 
very high degree of screening is required, the trans- 
former assembly could be mounted on to a metal 
chassis having small apertures for the passage of 
connecting wires or solder tags, causing the trans- 
former to become almost completely enclosed by 
metal at chassis potential. For most radio receiver 
applications it is not necessary to provide this 
additional screening at the bottom of the trans- 
former, and all the lead -out wires or tags may pass 
through a single large hole in the chassis. 

It is frequently desirable to screen r.f, coils other 
than i.f. transformers, and the procedure followed 
is the same as for the i.f. transformers. A typical 
example is shown in Fig. 184, in which we see a 
simple r.f. transformer fitted inside a screening can. 

The screening can around a coil operating at radio 
frequency constrains its magnetic field since the 
latter induces opposing fields in the material of the 
can. Because of this, power is dissipated in the can. 
It follows that the can may cause a reduction in the 
efficiency of the coil, and hence its Q. In practice, 
this effect is not serious provided that there is 
adequate clearance between the outside of the coil 
and the inside surface of the can. The opposing 

Screening con Tags 

Fig. 184. R.F. coils are fitted in screening cans in the 
same manner as i.f transformers 

fields generated in the material of the can also 
reduce the effective inductance offered by the coil 
but, here again, the effect is. not serious provided 
that adequate clearance exists. The relationship 
between clearance and reduction in Q or inductance 
is somewhat complex, but it is safe to assume as a 
"rule of thumb" that there will be no serious losses 
in either Q or inductance provided that the clearance 
between the outside of the coil and the internal 
surface of the screen is, in all. directions, equal to, 
or greater than, the coil radius. 

A different .state of affairs exists with pot core 
coils. In this instance almost' all the magnetic field 
flows through ,the material of the core, and it is 
possible for a screen to approach the outside surface 
of the core very closely without causing an excessive 
reduction in Q or inductance. 

There is, as we have seen, a capacitance between 
a conductor and a screen. When the conductor and 
screen are close together this capacitance may be 
sufficiently high to modify circuit operation, and 
this represents a point which has to be borne in 
mind during radio design work. If, for instance, 

Ends of screen insulated 
from each other 

Primary 

Metal foil 
screen 

Secondary 

Fig. 185. Inserting a screen between the primary and 
secondary of an iron -cored transformer 

the spacing between a screening can and a coil is 
low, the resulting capacitance between the turns of 
wire in the coil and chassis could alter the resonant 
frequency of the coil. In practice, however, the 
capacitance to chassis offered by a coil screening 
can only becomes troublesome when the clearance 
is smaller than the minimum needed to prevent a 
serious drop in Q and inductance, and so the 
question of excessive additional capacitance to 
chassis does not arise in the case of the coil. Never- 
theless, it is usually desirable to ensure that connect- 
ing wires to the coil, and parallel fixed capacitors 
in the case of an i.f. transformer, are not allowed 
to take up positions which are very close to the 
inside surface of the screening can. The capacitances 
to chassis resulting from very close positioning of 
wires or fixed capacitors may, in some cases, 
adversely affect the performance of the component. 

In the case of pot core coils, the method of 
assembly normally ensures that capacitances between 
the screening can and coils (and coil lead -out wires) 
are sufficiently low to have little serious effect. 
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Screens and Shields 
It will be helpful at this stage to summarise the 

points we have discussed with respect to screening 
and shielding, and to show their relationship with 
frequency. 

Magnetic fields generated by iron -cored coils and 
transformers may be shielded by a sheet of magnetic 
material, the latter ranging from mild steel to one 
of the high permeability alloys such as Mumetal. 
For optimum shielding efficiency the magnetic 
material should completely enclose the component 
radiating the field, or the component which is 
affected by it. Shielding of this- nature is effective 
over power and audio frequencies. Magnetic fields 
at radio frequencies may be screened by a sheet of 
metal which needs to be a good conductor rather 
than have good magnetic properties. Currents 
induced in the conducting material produce opposing 
fields which nullify the effect of the original field. 
Again, for optimum screening, the screening 
material should completely enclose the component 
concerned. 

Alternating electric fields may be screened by 
interposing between conductors a screen which is 
connected to the chassis of the equipment in which 
the conductors appear. To ensure optimum 
screening around a particular component, the latter 
should, once again, be completely enclosed by the 
screening material. It is important to note that 
screening of electric fields applies at power and audio 
frequencies as well as at radio frequencies since the 
function of the screening. is to interrupt capacitive 
couplings, which may exist at all frequencies. 

We may now see that, to shield an inductive 
component at power and audio frequencies, we need 
to place a shield of magnetic material around it. 
If we connect the shield to the chassis of the 
associated equipment it prevents capacitive coup- 
lings as well. To constrain the magnetic field about 
a component operating at radio frequencies, we 
place a screen of conducting material around it. 
This screen also prevents capacitive couplings when 
it is connected to chassis. 

We have, up to the present, used the term "shield" 
for the instance where a power or audio frequency 
magnetic field is constrained, and "screen" for the 
instances where magnetic fields at radio frequency 
and electric fields at all frequencies are constrained. 
These terms conform with fairly general usage in 
this country, but it will be found that "screen" is 
frequently used for all three applications as, also, 
is "shield". Thus, the terms "screen" and "shield" 
may, in general, be considered as being synonymous.3 

Newcomers to radio may find themselves a little 
confused at the use of the term "chassis" with 
respect to screen connections. As will be appre- 
ciated more readily when we come to deal with valve 
and transistor circuits, it is common practice to 
provide a piece of electronic equipment with a metal 

3 It should be mentioned that British Standard 204: 1960, Glossary 
of Terms Used in Telecommunication and Electronics, specifies "screen" 
for all three applications, giving "electric screen", "magnetic screen" 
and "electromagnetic screen" for screens which constrain, respec- 
tively, electric fields, magnetic fields, and magnetic and/or electric 
fields. American usage is to use "shield" for all three instances 
much more frequently than "screen". 

chassis or frame which offers a common connection 
for all components handling signal currents at radio 
and audio frequencies. Small items of equipment 
may not have such a chassis, all the components 
being mounted on one or more sheets of insulating 
material. Nevertheless, equipment of this type will 
still normally employ a common connection for the 
individual circuits, and this offers the same function 
as a "chassis". Sometimes, a connection to 
"chassis" is described as a connection to "earth", 
in the same way as a connection to the chassis of a 

liner conductors Insulation 

Outs' conductor 
(braided) 

Outer conductor 
prepared for 
connection to 
chassis 

O 

Inner conductor Insulation 

-m en 

ih 

Outer conductor 
(lapped on) 

Outer conductor 
prepared for 
connection to 
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Fig. 186 (a). A typical example of screened cable. 
The outer conductor consists of a number of fine wires 

braided together 
(b). The circuit symbol for screened cable. Also shown 
is a connection from the outer conductor (represented 

by the broken lines) to chassis 
(c). An alternative type of screened cable, in which 
the outer conductor consists of a number of fine wires 

lapped over the internal insulation 

car is described as a connection to "earth". Thus, 
the screen of Fig. 180 (e) may be described as being 
"connected to earth" or as being "earthed". This 
practice can occasionally introduce a little confusion, 
however, because some electronic chassis are 
connected directly to earth4 whilst others are not. 
When referring to connections to chassis, it is best, 
in general, to avoid the term "earth". 

Other Screening Applications 
Before concluding on the subject of screening, 

4 That is, to a conductor which makes good contact with the 
earth itself. 
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several further applications need to be discussed. 
In iron -cored transformers it is frequently 

desirable to insert a screen between the primary and 
secondary (or secondaries) to reduce capacitive 
coupling between these windings. The coupling 
which results is then almost entirely inductive. A 
screen of this nature may be introduced during 
winding in the form shown in Fig. 185. In this 
diagram a strip of metal foil, typically copper, is 
wound on after the primary, its width being the 
same as the winding width and its length being such 
that it forms a complete turn with a small amount 
of overlap. The two ends of the strip are insulated 
from each other to prevent the flow of induced 
current. The foil strip is connected to chassis and 
provides a useful reduction in capacitive coupling 
between the two windings. 

Another application is offered in screened wire or 
screened cable. Screened wire consists of one or 
more insulated conductors inside a concentric outer 
conductor, the latter being connected to chassis. 
(See Figs. 186 (a) and (b).) The outer conductor 
then reduces capacitive couplings between the inner 
conductor, or conductors, and any other corn- 

ponents or conductors in the vicinity. Usually, the 
outer conductor consists of thin strands of wire 
braided together, as in Fig. 186 (a), but a recently 
introduced alternative has the outer conductor 
lapped on only, as in Fig. 186 (c). Despite the fact 
that the lapped outer conductor possesses some 
inductance it functions satisfactorily in practice, 
especially at audio frequencies, and is cheaper to 
produce. 

Screened wires and cables tend to exhibit a 
relatively high capacitance between inner and outer 
conductors. This fact is of importance, as the 
capacitance can be of significance in some applica- 
tions. 

Next Month 
We have now concluded our consideration of the 

basic elements of radio, and have dealt with resist- 
ance, capacitance and inductance, the form taken 
up by practical resistive, capacitive and inductive 
components, and the manner in which such com- 
ponents may be used in combination. We shall 
carry on, next month, to sound reproducing devices. 

Some Notes 
on the 
"Crystella" 
FM Tuner 

BY SIR JOHN HOLDER, BART. 

The "Crystella" crystal controlled f.m. tuner, described in our February and March 1963 issues, 
has resulted in considerable interest amongst readers. As a result of queries raised and further 
experience obtained, the author of the original articles passes on some additional notes and 

information 

Components List 
THE FOLLOWING AMENDMENTS AND CORRECTIONS 

should be made to the Components List (page 
519, February issue). C14 should be ceramic, 

R20 should be 47kû2, and L3 should employ 18 s.w.g. 
wire. If desired, C15 and C16 can be silver -mica 
instead of ceramic. 

Aerial 
The necessary aerial depends on B.B.C. signal 

strength, and local advice should be taken. In many 
cases a length of twin flex, parted in the centre and 
opened out to form a horizontal dipole 5 feet long, 
will be adequate. This should be secured to a 
picture rail at right angles to the transmitter. 
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Usually, the higher the aerial and the further it is 
away from road traffic, the better; but if the lead-in 
is more than a few yards long, concentric TV feeder 
cable should be used. The tuner is not intended to 
be used with balanced twin feeder. 
Adjustment of L2 

The function of L2 does not appear to be generally 
understood. Most of the gain of multi -valve v.h.f. 
tuners takes place in the converter and i.f. stages, 
and any attempt to peak the anode circuit of V1 
usually leads to design disadvantages in other 
directions; so that L2 is to be regarded as mid -way 
between aperiodic and sharply -tuned. Little extra 
gain will result from operating it with the core 
positioned other than in the centre of the coil. Even 
with an effective coupling capacitor of less than 5pF, 
L2 has considerable effect on L3 and the correct 
adjustment of L2 is that which allows the oscillator 
to function correctly and, at the same time, passes 
adequate signal to the mixer. 

Adjustment should, therefore, proceed in the 
following manner. Start with the core in the centre 
of L2 and adjust L3 for good oscillation on all three 
programmes, as described in the article. Next, 
switch to "Light Programme" and gradually with- 
draw L2 core towards the chassis end of the coil. 
It will be found that signal strength, as evidenced 
by the voltage developed at Test Point 1, increases 
slightly, but that a position will be reached where 
the oscillator suddenly stops working. If, now, the 
core is screwed in again until oscillation re- 
commences, the optimum setting of L2 will have 
been obtained. 

This cessation of oscillation is a feature common 
to crystal and tuned -anode tuned -grid oscillators. 
What happens is that, when the anode limb is 
effectively tuned to the same frequency as that of 
the grid or crystal, phase relations become such that 
the impulses which ought to maintain oscillation 
occur at the wrong moment. The full explanation 
is interesting but rather involved and mathematically - 
minded readers are referred to, for instance, the 
oscillator sections of the Admiralty Handbook. 
The remedy is to detune one of the circuits slightly, 
so that the resonant frequency of the anode limb 
is slightly lower than that of the grid limb. 
Two Types of Valveholder 

Some readers have queried the use of two types 
of valveholder. P.T.F.E. is expensive and easily 
damaged by heat during soldering, so it is only 
specified because it has to be. The crystal -holder 
and, to a less extent, the valveholder for V2, are in 
parallel with the crystal, which has a very high Q 
indeed. Bridging the crystal with a material which 
has anything more than the lowest possible loss at 
v.h.f. will result in reduction of Q. 
Adjustment of the Oscillator Coil 

A few readers complain that they cannot get L3 
to tune down to the required frequency band. This 
could be a manifestation of the L2 peculiarity 
mentioned above, or it could be that the wiremanship 
capabilities of readers have been underestimated 
and that they have reduced strays to a phenomenally 

low value! Whatever the cause, there is no harm in 
increasing the nominal inside diameter of L3 to 
(for instance, by wrapping sticky paper or plastic 
round the winding former). In some cases, j -in 
inside diameter may be better. The author's tuner 
has worked quite well with any of these three 
diameters. In fact, the exact size of L3 is not as 
important as that of L2. 

One reader solved the problem by increasing C7 
to 10pF. Using C7 as a tuning capacitor is not a 
very efficient method and can lead to complications 
because it only bridges half of the coil. Another 
reader added a core to L3. This, also, is not 
recommended. 

The expedient of adding one more turn is fraught 
with many difficulties and would have little effect 
because, with a coil of this kind, dimensions are 
more important than the number of turns. 

An Alternative for L2 
If the reader, even after reading these notes, has 

difficulty over front-end adjustment, he may care to 
try the version of L2 originally specified by Standard 
Telephones and Cables Ltd. This consists of six 
turns of 20 s.w.g. enamelled copper wire wound on 
to the same sized former as the previous coil, but 
in such a manner that the turns touch one another. 
The advantage of this coil is that it makes it easier 
for a constructor to reproduce the prototype 
accurately. The disadvantage, in this case, is that 
it may mean purchasing another reel of wire for the 
sake of less than a foot. If, when using the Crystella 
coil, the oscillator will work with the slug in the 
centre and cease working on the "Light Pro- 
gramme" when the slug is withdrawn to a certain 
point, the constructor can take it that his coil is 
correct and that there is no need to make any 
change. 

Incidentally, if the constructor already possesses 
18 s.w.g. enamelled wire, six touching turns of this 
will serve. 

Inter -Relation of L2 and L3 
The diagram accompanying these notes, shows 

part of Fig. 1 of the article re -orientated to show the 
coupling of L2 to the anode half of L3 and, also, 
why altering the value of C7 is not a satisfactory 
way of tuning L3. All irrelevant details have been 
omitted. 
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Cold Cathode Diodes 
and Their Uses 

By J. B. Dance M.Sc. 

THE USE OF COLD CATHODE DIODES, OFTEN KNOWN 
as "neons", has the great advantage that the 
associated circuitry is usually simpler than 

when hard valves are employed to perform the same 
work. This is partly, but not entirely, due to the 
fact that no heater wiring is required for cold 
cathode circuits. Cold cathode diodes are widely 
used in computing equipment, as they are reliable 
in operation (when used correctly) and are relatively 
small and inexpensive. 

One of their main limitations is that they cannot 
operate at high frequencies. The reason for this is 
that, once the gas is ionised by an applied voltage, 
a definite time must elapse before the ions disperse 
after the voltage has been removed. Nevertheless 
for switching speeds not greater than some hundreds 
per second, cold cathode tubes are extremely useful. 

Basic Theory 
Cold cathode valves contain a gas at a fairly low 

pressure (usually less than 10cm of mercury pressure). 
The gas is normally one of the inert gases (helium, 
neon, argon, krypton or xenon) or a mixture of two 
or more of these gases. 

When a voltage is applied to a cold cathode tube, 
the type of Ia/Va curve shown in Fig. 1 is obtained. 

Ia f 
(Logarithmic 

scale) 

Normal 
c7eratinq 
region 

A 

Ymaintaminq tilting 
Va 

Fig. 1. Cold cathode diode characteristics 

Tile initial straight portion of the graph up to 
point A represents very small currents of the order 
of 10-15 to 10-12 amp; this is known as the Townsend 
current. As the number of ions increases with 
increasing applied voltage, breakdown occurs at 
point A; The voltage at point A is known as the 
striking voltage; it varies considerably from tube to 
tube and depends on the size and geometry of the 
electrodes, the composition and pressure of the gas 
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used and even the type of metal used for the 
electrodes. 

Once the discharge has passed point A on the 
characteristic the point of operation moves rapidly 
through the region A to B and then through the 
region B to C where the incremental resistance of 
the tube is negative. The region C to D is stable 
and is the part of the curve on which cold cathode 
tubes are normally operated. The current through 
the tube in this region of the characteristic is almost 
independent of the applied voltage. There is 
therefore an obvious use for cold cathode valves as 
voltage stabilisers. 

In the region of the characteristic from C to D 
the current passing is determined by the external 
circuit resistance. If this resistance is reduced, the 
current through the valve increases, but the voltage 
across it remains virtually constant. If, however, 
the external circuit resistance is decreased until the 
point D in Fig. 1 is reached, a further reduction of 
the resistance leads first to an increase and then to 
a decrease of the anode to cathode voltage across 
the valve. Eventually an arc is formed. 

Mechanism of Emission 
In normal valves electrons are emitted from a 

heated cathode. In cold cathode valves the applied 
electrode voltage first causes some ionisation. The 
positive ions formed are attracted to the cathode 
and they hit the cold cathode at a speed which is 
great enough to cause electrons to be emitted 
from it. 

In order that ionisation shall occur and that the 
valve shall strike without delay, it is necessary that 
a few ions shall be present in the gas. Enough ions 
are usually provided by the effects of cosmic rays, 
the few radioactive atoms which every substance 
contains and the light falling on the tube. If the 
valve is placed in brilliant light, the striking voltage 
may be reduced appreciably owing to an increase 
in the ionisation when no voltage is applied. 
Conversely, if the valve is used in complete darkness, 
it may not strike easily. Those for use in complete 
darkness may therefore contain a small quantity of 
a radioactive gas such as tritium which provides 
the necessary ionising radiation. Care should be 
taken not to break the glass envelope of such valves, 
or the radioactive gas will escape. 

The work function of a material is a measure of 
the work which must be done to extract an electron 
from it. Oxide coated cathodes are normally used 
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in thermionic valves because they have a low work 
function (i.e. they emit electrons easily). In cold 
cathode types, the material of which the cathode is 
composed must be chosen carefully so that it has 
a suitable work function. The characteristics of the 
tube are affected considerably by the choice of the 
cathode material. Sometimes an active coating is 
placed on the surface of a metal cathode. 

Some Applications 

Voltage Stabilisation 
Most readers will be familiar with the use of a 

cold cathode voltage stabiliser in the type of circuit 
shown in Fig. 2. When the valve is operated in the 

Cold cathode 

valve 

HT. 

Load 

Fig 2. The cold cathode diode as a voltage stabiliser 

portion of the curve of Fig. 1 between the points 
C and D, the voltage across it remains almost 
constant as the current through it varies. Suppose 
that for some reason the current taken by the load 
of Fig. 2 increases slightly. The current taken by 
the stabiliser will then decrease slightly (by. the same 
amount as the load current increases) so that the 
total current passing through the resistor R is 
constant. The voltage drop across R will therefore 
be unchanged and the output voltage, which appears 
across the valve, will also be constant. 

If the supply voltage should increase for any 
reason, the voltage across the valve will be increased 
for a few thousandths of a second, after which the 
valve will draw more current. This increased current 
will pass through R and hence the voltage dropped 
by R will increase so that the output voltage is kept 
constant. Thus the output voltage to the load will 
be kept constant no matter whether the load current 
or the supply voltage changes. 

The performance of a voltage stabiliser is not 
perfect. Some slight voltage variation will occur 
as the current through the valve is changed, but this 
effect is very much smaller than the variations which 
would occur if no stabiliser were employed. 

The resistor R of Fig. 2 may be chosen so that, 
when the load is connected, the stabiliser operates 
at a point somewhere near the centre of the flat C 
to D region of the Fig. 1 curve. The current which 
must pass for this condition to be satisfied is the 
mean of the maximum and minimum currents 
specified by the makers of the particular valve 
concerned. The circuit will then be effective against 
changes of voltage in either direction provided that 
the operating point remains in the C to D region 
of Fig. 1. 

If the load is liable to be disconnected, care must 
be taken to ensure that the current drawn by the 
stabiliser will not then exceed the maximum per- 
missible figure. 

Practical Example 
Suppose that an oscillator or other piece of 

equipment requires a stabilised supply of 90 volts 
(approximately) at 10mA and that the supply is to 
be obtained from a 200 volt h.t. line. The value of 
the resistor in Fig. 2 must be calculated. 

A suitable stabiliser to provide 90 volts is the 
90C1. This requires a current of between 1 and 
40mA. Let us assume that the stabiliser will 
normally take about 15mA, this being about the 
middle of the range. There is no point in operating 
the valve at exactly 20.5mA, as this merely wastes 
some current. The total current passing through 
the resistor of Fig. 2 will therefore be the sum of the 
tube and load currents, i.e. 15+10=25mA. The 
supply voltage of 200 volts must be dropped to the 
required 90 volts and the voltage difference will 
appear across the resistor. The value of the resistor 
will therefore be 

R- V _200-90 110 
_4.4kSZ I 25 x 10-3 25 x 10-3 

A 4.7k CI resistor (the nearest 10 % preferred value) 
could therefore be used. The 10-3 in the above 
expression converts the milliamps into amps. The 
power dissipatiop of the resistor required-VI-- 
110 x 25x 10-3=2.75 watts. 

Relaxation Oscillators 
An extremely simple type of relaxation oscillator 

can be constructed using the type of circuit shown 
in Fig. 3. The capacitor takes time to charge 

Fig. 3. Cold cathode diode in a refaxation oscillator 
circuit 

through the resistor, but when the voltage across 
the capacitor reaches the striking voltage of the 
diode, the capacitor discharges itself quickly (but 
not completely) through the diode. This continues 
until the potential across the capacitor falls to a 
value which is less than the maintaining voltage of 
the diode. The capacitor then charges up again 
and the cycle is repeated. 

The output waveform from this type of circuit 
is approximately a sawtooth, as shown in Fig. 4. 
The frequency is determined by the applied voltage, 
the value of the anode resistor and the value of the 
capacitor. The larger the value of the capacitor and 
of the resistor, the lower the frequency of oscillation. 

JANUARY 1964 393 

www.americanradiohistory.com



Vstrikinq__ 

r maintaining 

Fig. 4. Output waveform of a relaxation oscillator 

The larger the value of the supply voltage, the 
greater the frequency. The striking and maintaining 
voltages of the cold cathode valve also affect the 
frequency. 

The peak value of the discharge current of the 
Fig. 3 circuit may be very large and it is often wise 
to limit this by placing a much smaller resistor than 
R in the cathode circuit of the valve or in series 
with the capacitor. The output voltage can be taken 
from across this resistor if desired and, by a suitable 
choice of circuit, either positively or negatively going 
pulses can be obtained. 

Special types of diode are manufactured (known 
as "difference diodes") in which the difference 
between the striking and maintaining voltages is 
much greater than in the more common types. 
These diodes provide much larger output voltages. 

Relaxation oscillators of this type are often useful 
because of their simplicity when compared with 
valve or transistor oscillators. For example, con- 
structors of signal generators for radio frequencies 
usually require a source of audio modulation to be 
available. The simplest method of obtaining this 
modulation (but not necessarily the best) is by the 
use of a relaxation oscillator using a miniature cold 
cathode valve. 

Indicator Lamps 
Neon indicator lamps have the advantages of 

extreme simplicity and a long life which is free from 
sudden failure. A resistor must always be employed 
between the supply voltage and the tube to limit 
the current passing through the tube to a safe value. 
Indicator tubes can operate from an a.c. or d.c. 
supply. 

Small neon indicator lamps are usually operated 
at a voltage of about 65. If they are fed from a 
240 volt supply, a 330kû series resistor would be 
satisfactory. 

Some large cold cathode tubes used for lighting 
are fitted with an internal resistor so that they can 
be fitted directly into an electric lamp socket. One 
electrode is of a spiral shape. They are useful when 
a small amount of light is required overnight, as 
their current consumption is very small. 

Another type of neon indicator lamp is finding 
many applications in counting equipment. A 
common anode is normally employed with ten 
separate cathodes. The supply voltage is connected 
(through a series resistor) to the anode and one of 
the cathodes. A certain number between 0 and 9 
then appears as a red glow in the valve, the particular 
number depending on which of the ten cathodes has 

been used. If six of these are employed side by 
side, numbers up to 999,999 can be displayed. The 
number is displayed only a very minute fraction of 
a second after the voltage is placed across the anode 
and appropriate cathode. 

Some indicators are also manufactured in which 
various letters of the alphabet can be displayed. 
Hence electronic circuitry can control the display 
of a number of words. Other indicators are available 
which display plus and minus signs, fractions, the 
decimal point, etc. 

A.F. Transmission Switches 
The current passing through a cold cathode diode 

can be modulated at an audio frequency and the 
valve will then pass audio signals. The current 
through the valve always passes in the same direc- 
tion, but its value increases and decreases at an 
audio frequency. 

Special types of cold cathode diodes have been 
developed for this purpose in which undesirable 
attenuation of the audio signal and -noise level are 
kept to a minimum. These are known as "speech 
tubes". 

When cold cathode diodes are employed in this 
way, they can be used to switch on and off the audio 
signal. This is effected by alteration of the steady 
potential applied to the valve. Thus the diode can 
replace considerably more complicated relays and 
switches; in addition it has the advantage of 
operating more rapidly than the normal electro- 
mechanical relay. 

Monitors 
Cold cathode diodes can be used as monitors to 

provide a visual indication when the voltage in a 
circuit reaches a certain pre -determined value. For 
example, the anode current of a valve falls during 
its lifetime owing to decreased emission from the 
cathode. A neon monitor could be placed between 
the anode and another suitable point in the circuit 
so that when the anode current fell to some pre- 
determined value (representing the end of the 
valve's useful life), the rise in anode voltage caused 
by the reduced anode current would cause the neon 
to strike. The service engineer would then know 
immediately which valve should be renewed. 

Pulse Storage 
A cold cathode diode can be used in the type of 

Fig. 5. Cold cathode diode pulse storage circuit 
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circuit shown in Fig. 5 for storing pulse information. 
The h.t. supply voltage is not sufficient to strike the 
tube, but is sufficient to maintain the discharge once 
the tube has struck. 

When a positive pulse is fed into the anode 
circuit via the capacitor, the anode voltage is 
momentarily increased to a value which is large 
enough to strike. The h.t. supply then maintains 
the discharge. 

The "difference" types of cold cathode tube 
mentioned in the second application are the most 
convenient type for this application. If the pulse 
available is a negative pulse, a similar type of 
circuit can be used, but the pulse is fed to the 
cathode of the cold cathode valve. The cathode or 
anode resistor is often replaced by a relay. The 
relay is closed when a pulse is applied and remains 
closed until the anode voltage is cut off. 

By careful choice of circuit values, the same type 
of circuit can be used as a coincidence storage 
circuit in which the diode will only strike when a 
positive and negative pulse are applied at the same 
time. 

Circuits of this type are widely used in computers. 

Decade Valves 
Valves are now manufactured which contain 

thirty cold cathodes in one envelope. Ten of these 
are main cathodes and the other twenty are guide 
electrodes. Under appropriate operating conditions 
the visible discharge will move from one main 
cathode to the next main cathode as each pulse is 
fed in. The number of pulses (from 0 to 9) fed 
into the circuit can then be read off directly by 
merely noting the position of the discharge. Several 
of these valves can be placed one after the other in 
a suitable circuit so that any number, however 
large, may be read off. These tubes are extremely 
valuable for counting equipment such as that used 
with Geiger counters, etc. The maximum operating 
speed varies from about 4,000 evenly spaced pulses 
per second up to 20,000 pulses per second. The 
counting rates are lower for randomly spaced pulses 
and depend on the accuracy required. 

Conclusion 
In conclusion it may be stated that cold cathode 

diodes can be used for many purposes in modern 
equipment. This article has only attempted to 
outline a few of them. 

Closed -Circuit TV 
for Canadian Vessel 

Another Marconi Marine export order for a closed-circuit television system to aid the handling of a large vessel in restricted waters, was recently negotiated through the Canadian Marconi Company with the Canadian shipowners, Mohawk Navigation Co. Ltd., of Montreal. 

The vessel is the 24,000 d.w. bulk carrier Silver Isle, built earlier this year at the Eire shipyard of Verolme Cork Dockyard Limited. The Silver Isle's normal summer trade route entails making transits of the St. Lawrence Seaway many times during a season, and with a vessel of 730 feet in length and all -aft bridge construction, frequent negotiation of locks and canals presents obvious difficulties. For instance, when in the loaded condition, the nearest point ahead observable from the bridge is more than 800 feet distant from the stem, and even further when the ship is light. 
It was therefore decided by the Mohawk Navigation Co. Ltd. that the installing of a closed-circuit television system would do much to overcome this problem of restricted vision by providing the captain and pilot with an unobstructed view to as close as 60 feet ahead which would otherwise have been unobtainable due to the all -aft bridge construction of the vessel. Because the light grasp of the camera is greater than that of the human eye it is also anticipated that the installation could assist pilots to make transits in conditions of poor visibility which might otherwise induce them to tie up and wait for clearer weather. 

The Marconi Marine television installation on the Silver Isle employs a pan and tilt camera unit fitted in a waterproof housing mounted on the foremast some 50 feet above the waterline and 36 feet back from the stem. This location gives an unobstructed picture on the bridge monitor screen of any activities down to 60 feet immediately ahead of the vessel and also on the forecastle head. By means of the pan and tilt remote controls fitted alongside the bridge monitor, the camera can be rotated through 340` in the horizontal plane and can also be tilted up 5' and down 55° in the vertical plane. With this facility the camera can be brought into such a position as to provide on the monitor a point of refer- ence-for example the jackstaff or stemhead-from which the observer can gauge distance and bearing of jetties, lock entrances, tugs, buoys or small craft which might otherwise be invisible from the bridge. Other facilities that can be controlled from the bridge include a heating system in the weatherproof casing to stabilise its performance and dry out any internal condensation that might be caused by cold spray striking the casing, and a windscreen wiper to reduce the effects of spray and rain. 

The system, including cables, but with the exception of the monitor, which was supplied by C.M.C., was air -freighted to Montreal and installed by technicians of the Canadian Marconi Company. 
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NEWS AND COMMENT.. 
TV v. Press 

The press must adapt its content 
and presentation to meet the chal- 
lenge of television and exploit the 
advantages of the written word over 
the fleeting image. This was the 
conclusion of an international semi- 
nar held recently at Strasbourg, on 
the subject "The Written Press in 
the Television Age". 

The Seminar was organised by the 
International Centre for Higher 
Education in Journalism, with the 
assistance of Unesco, and was 
attended by journalists from 20 
countries. 

There was no pessimism about the 
ability of the press to survive the 
challenge of the new media. Press, 
radio and television were held to be 
complementary, each with a special 
role in the modem world. They had 
strengths and weaknesses, and as 
time went on, each medium would 
tend to concentrate on the things 
which it did best. 

Although commercial television 
was a competitor of newspapers in 
the economic sense, in other respects 
it could be an ally. Newspapers 
should, in fact, capitalise on tele- 
vision, taking advantage of the 
familiarity it brought of people and 
events, and reporting in depth to 
satisfy the interest which television 
stimulated. 

It was noted that during the last 
8 years, the number of daily news- 
papers in the world had declined, 
while total circulation had increased 
by 200/0; the number of radio 
receivers had increased by 60% and 
television receivers by 200%. There 
were now ten times as many tele- 
vision receivers as there were in 
1950 and the total today was almost 
half the world figure for daily 
newspaper circulation. 

Communication research, especi- 
ally in the United States, had 
produced some very significant find- 
ings about the effects of t.v. on other 
media, and the attitudes of readers 
and viewers. Television viewing, in 
the United States had taken a very 
large portion of a family's leisure 
time. Estimates of 35 to 40 hours a 
week of viewing per household 
emerge from most research studies. 

Television had made its greatest 
gains in being seen as a major 
source of international and national 
news. The newspaper retained its 
old dominance for local news. 
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Bacteria Power 
A long -life electric battery which 

draws power inexpensively from 
harmless bacteria has been developed 
in the United States. Known as a 
"Biological Fuel Cell", it has a 
theoretical life expectancy of more 
than 50 years during which it 
produces electricity continuously. 
The cell harnesses the energy of 
thousands of bacteria inside it and 
makes this energy available in the 
form of electricity. 

A pilot model of the cell-which 
produces enough energy to power a 
transistor radio, a small light bulb or 
a miniature motor-has been 
designed for educational and demon- 
stration purposes in schools by the 
Electron Molecule Research Com- 
pany of San Antonio, Texas. 

The main components of the model 
are 12 plastic containers, about the 
size of small ink bottles, filled with 
brown powdered rice husks, and a 
bag full of bacteria similar to yeast 
or bread mould. The bacteria are 
mixed with water and the rice husks, 
which decompose as the bacteria 
"feed" on them. Electric energy 
resulting from this process is picked 
up by a strip of copper which serves 
as a positive connection, and a strip 
of aluminium which serves as a 
negative connection. These metal 
connections protrude from each 
plastic container and are joined by 
wire to the radio, light bulb or motor 
to be supplied with electricity. 

The unit is self-contained, and 
needs no outside connections, but 
each cell container requires an 
opening for air intake. 

Once assembled, the unit needs no 
attention except occasional refilling 
with rice husks and water for the 
thousands of industrious "worker" 
bacteria which reproduce themselves 
indefinitely. 

Taped Noise 
Residents living near large military 

and civil airfields frequently complain 
about the deafening roar of powerful 
aircraft engines during running up, 
taking off and landing. Noise, its 
generation and suppression, is today 
the subject of much research, for as 
more powerful aero engines are 
produced the noise abatement prob- 
lem becomes more and more acute. 

Even Rolls-Royce aero engineers 
have their noise problems and, to 
help solve these during installation 
stages, professional tape recorders 

have been supplied by EMI. Using 
these tape recorders, a research 
programme is in progress at the 
Rolls-Royce Flight Research and 
Development Establishment at Huck- 
nall, near Nottingham. 

Noise intensities are recorded on 
two -channel EMI TR90 professional 
tape recorders in a control room near 
the test beds and subsequently 
played back for frequency spectrum 
analysis. Data obtained by position- 
ing microphones at varying distances 
and angles from the noise source 
enable a polar diagram of noise 
energy to be produced. 

Without using tape recorders, 
Rolls-Royce engineers would find it 
both costly and unpractical to carry 
out analyses. Engines would need 
to be run up for several hours and 
large quantities of expensive fuel 
used. But tape recordings can be 
taken over a few minutes of engine 
running time. 

Besides the more obvious 
advantages of speed, economy, and , 
simplified procedures of recording 
noise levels on magnetic tape, large 
masses of data can be stored and 
subsequently replayed for analysis, 
as often as necessary. During most 
studies, rapid variations of noise 
levels occur and it is not possible to 
note accurately the fluctuations from 
meter readings when using conven- 
tional testing methods. 

Television Stills 
The Bulletin of the Association of 

Broadcasting Staff recently reported 
that Siemens (Germany) have intro- 
duced apparatus which can record 
television stills electronically to be 
reproduced as often and as long as 
required. 

The general principle of magnetic 
recording is used, but instead of 
using tape, a disc of similar material 
is used. This disc is 40 cm. in 
diameter and when in use revolves at 
3,000 r.p.m. on a horizontal axis 
which, in relation to the magnetic 
heads, is equivalent to a tape speed 
of 50 m.p.s. This gives a recording 
bandwidth of up to 10 me/s. The 
disc is supported on a layer of air 
which maintains a stable distance of 
approximately 1/1,000 mm between 
the disc and the recording heads. 

The discs can store information 
equivalent to ten complete pictures. 
These can, of course, be stored 
indefinitely as in the case of other 
magnetic recordings. 
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This month, Smithy the Serviceman and his able assistant Dick embark unwillingly on the 

New Year, only to find that there is nothing for them to do! In consequence, the two devote 

their time to a session dealing with readers' hints 

THERE IS A CERTAIN MAGIC 
about New Year's Day. We 
know that it is only a date 

on a calendar and that, were it 
not for the fact that eleven days 
were dropped from the month of 
September in 1752, we might well 
be celebrating New Year's Eve 

what is now the 20th of December. 
Even so, New Year's Day provides 
a dividing line between what has 
gone and what, incurable optimists 
that we are, we hopefully look 
forward to in the year to come. 
The Old Year passes, and we depict 
it as a shambling bearded old man 
who stumbles off unmourned into 
the irretrievable past. The New 
Year arrives, and we visualise a 
clean -limbed youth who is bounding 
with energy and promise, who is 
erect of body and alert of eye, and 
who faces the future with absolute 
confidence and complete lack of 
fear. 

Thus might have we expected 
Smithy and Dick to appear as they 
started work on the particular New 
Year's morning when our episode 
opens. We could well, for instance, 
call in on the Workshop around 
10 o'clock, to witness the scene 
of cheerful and efficient activity 
which would be presented by the 
Serviceman and his assistant as 
they go busily and happily about 
their duties. 

But what is this? It's 10 o'clock, 
and the Workshop is securely 
locked and completely empty! And 
who are these two broken figures 
who shuffle wretchedly to the door? 
Are they vagrants who are bent on 
depredation, or are they tramps 

JANUARY 1964 

wandering aimlessly from one in- 
consequent point to the next? 
It is only when the elder of the two 
inserts a trembling key into the 
door that our outraged gaze reveals 
to us the awful truth. 

Starting Work 
"Blimey," said Dick, as he 

stumbled into the Workshop after 
Smithy, "what a night"! 

Smithy raised a quivering hand 
to his brow and glanced at his 
assistant through bloodshot eyes. 

"You have already," he remarked 
shortly, "said that three times 
as we were walking up to the 
door." 

"Still," continued Dick inexorably, 
"it really was a night!" 

Smithy groaned. 
"The only trouble with New Year's 

Eve," he complained, "is that 
it comes too soon after Christmas. 
I'm getting far too old for all 
these continual festivities!" 

Dick directed an experienced 
eye at the Serviceman, then went 
over to the Workshop sink. As 
the sound of clattering utensils 
reached his ears Smithy visibly 
cheered. When, eventually, a cup 
of steaming hot tea was placed 
alongside him, there were signs that 
he was already making progress 
towards his usual form. 

"Well," he remarked uncertainly, 
after a moment. "We're both very 
late this morning. Perhaps we'd 
better think of getting some work 
out of the way." 

"There's nothing to do except 
a couple of radios," replied Dick, 
glancing carelessly at the shelves, 

"and they're both waiting for new 
parts which haven't come in yet." 

Smithy looked relieved. 
"Perhaps," he remarked tentative- 

ly, "we'd better do a few routine 
jobs, then." 

"Like cleaning the place up a 
bit?" 

"That's right." 
"We did that yesterday afternoon," 

said Dick. 
"Did we?" replied Smithy hazily. 

"Dear me, yesterday afternoon seems 
to be a very long time ago!" 

"I know what we could do." 
"What's that?" 
"We could have a nice little 

sesh," said Dick, "with readers' 
hints. We haven't had a go with 
these for ages now." 

"That's an excellent idea," said 
Smithy, manifestly relieved at the 
suggestion. "And it's just what we 
need for a morning such as this." 

The Serviceman rose and wandered 
towards his bench. He opened a 
drawer and extracted a sheaf of 
letters. 

"There are quite a lot here," 
he announced, "so I'd better get 
down to the first one straight 
away." 

The Serviceman selected a letter 
and studied it carefully. 

"Now, this hint," he remarked, 
"has to do with cathode -heater 
shorts in valves. These can be 
especially difficult to find in TV 
sets having series heater chains, 
and it isn't usually possible to find 
them with an ohmmeter because 
they only come on when the associa- 
ted valve is hot. Again, although 
it's possible to locate a cathode - 
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Cathode -heater 
leak 

To receiver chassis 

Fig. 1. Cathode -heater shorts 
may be traced very quickly with 

the aid of an oscilloscope 

heater short by valve substitution, 
this tends to be rather a long-winded 
process if there are a number of 
valves under suspicion. Also, you 
can be pretty certain that the duffy 
valve is going to be a type which 
you haven't got in stock!" 

"What's the solution?" asked 
Dick. 

"Just one of those nice, simple 
ideas," replied Smithy, "that some 
of us never seem to think of! 
It's to trace the cathode -heater 
short with a 'scope (Fig. 1). Slap 
a lead from the Y amplifier on to 
the suspect cathodes one after the 
other, and the one with the short 
will show up a 50 c/s trace straight- 
away." 

"That's a good idea," remarked 
Dick impressed. "It sounds to 
me like a real time-saver." 

"It should be," confirmed Smithy. 
"Presumably, the 'scope timebase 
should be set up so that the 50 c/s 
trace just fills the screen. You will 
then be able to recognise the 50 c/s 
leakage immediately, without being 
confused by other signals on the 
cathode. Incidentally, our corres- 
pondent states that the trace shows 
up very noticeably even with very 

HT+ 

O.25pF 

'#4W 

Audio output 
valve anode 

Fig. 2. A simple method of 
indicating a live chassis during 
servicing. The earth connection 
is, of course, not common to the 
chassis of the receiver under test 
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small amounts of leakage." 
Smithy looked again at the letter 

in his hand. 
"There's another hint here as 

well," he continued, "which should 
be very useful if you're working 
on an a.c./d.c. chassis and have 
to disconnect the mains supply 
every now and again. All you 
do is to clip a lead to the anode 
end of the audio output transformer 
primary, the lead connecting to 
earth via a capacitor and resistor 
in series. (Fig. 2). If you connect 
the receiver to the mains wrong way 
round, you then get a loud hum 
from the speaker which gives you 
immediate warning. The series 
resistor and capacitor can be a 
permanent installation on the bench, 
and you can pick up the earth 
connection from the earth in the 
mains wiring. The capacitor needs 
to be good and reliable and I would 
suggest that it should have a d.c. 
working voltage of 1,000." 

Transistor Leads 
Smithy picked up another letter 

from the pile at his side. 
"Now here's a nice simple hint," 

he announced. "As you know, 
there have been a number of 
complaints in various magazines 
recently about the short life of 
transistors due to leads breaking 
off after they have been used in 
more than one circuit. A solution 
consists of placing a small amount 
of glue, such as Evo-stik, at the 
point where the leads leave the 
body of the transistor. (Fig. 3). 
This supports the leads and lessens 
the tendency for them to break off. 
Even if they do break off, it's still 
quite a simple process to carefully 
chip away the hardened glue, and 
to fit a new lead to the stub that's 
left." 

"That's quite a neat scheme," 
said Dick. "You could use it also 
for other components, such as wire - 
ended moulded mica capacitors and 
so on." 

"You could, indeed," agreed 
Smithy. "I don't know, incidentally, 
what the electrical properties of 
most of the adhesives we handle 
are like. Since they might exhibit 
a little leakiness, particularly before 
they're finally set, the idea needs 
to be used with a little care. How- 
ever, if you're really worried about 
electrical properties you can always 
use a polystyrene dope as the 
glue." 

"Fair enough," commented Dick. 
"Let's have another hint!" 

"Okeydoke," replied Smithy, pick- 
ing up another letter. "Now, 
here are two simple ideas which 
fall into the hardware department. 

It's often necessary to fit a nut 
in an awkward part of a chassis, 
especially if you want to run it 
on to a screw as well. With the 
dodge given here, you hold the 
nut between the ends of a pair of 
tweezers, the latter being kept 
tight by sliding a rubber grommet 
down the arms. Not only can you 
position the nut with this device 
but you can also turn it round as 
well, so that it becomes threaded 
on to the bolt. Without the grommet 
it is necessary to hold the tweezers 
tight at the same time as you turn 
them." 

"Which is liable to result," 
commented Dick, "in spiral fingers." 

"Indeed it is," replied Smithy. 
"And that can be a very unpleasant 
complaint, too! To hold the nut, 
it is desirable to file the ends of 
the tweezers fiat. Or you could, 
of course, use eyebrow pluckers." 

Smithy paused and sipped his 
tea. 

"The second hint in this letter," 
he continued, "is more or less along 
the same lines, but it is concerned 
with putting screws in awkward 
places. You take a plastic knitting 
needle and cut off the point. You 
then file the end so that it takes 
up a screwdriver form, but with a 
fairly thick blade. This blade can 
be pushed into the slot of the 
screw you're trying to position 
whereupon, if it is a sufficiently 
tight fit, it will hold it securely 
until you've bunged it into its 
hole." 

"Very elegantly put." 
"Thank you," replied Smithy, as 

he selected another letter. "Now, 
here's a neat little idea which is 
just the job for this time of the 
year. It makes use of those alumin- 
ium cigar tubes which are normally 
thrown away after Christmas. The 
idea consists, quite simply, of 
boring a hole at the end and of 
using the tube as a solder dispenser." 
(Fig. 4). 

"That's a knobby idea," said 
Dick. "In the future, you'll be 
able to tell the social status of an 
engineer merely by seeing what 
cigars he smokes for his solder 
dispensers!" 

"Perhaps so," chuckled Smithy. 
"Anyway, it's about time that a 
spot more tea was forthcoming." 

"Righty-ho," said Dick, as he 
rose to take Smithy's empty cup. 
"Incidentally, I must point out 
that you haven't half cheered up 
over the last ten minutes or so. 
You looked like the Wreck of the 
Hesperus when I first saw you this 
morning." 

"Ah yes," said Smithy, "but 
that was only because I had been 

THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



engaged, over New Year's Eve, on 
technical duties." 

"Technical duties ?" 
"Technical duties," replied Smithy 

firmly. "The members of my club 
decided to have an inconspicuous 
little gathering to mark the end of 
the Old Year. As this occasioned 
the use of a microphone and 
amplifier, I offered my services 
in an advisory capacity." 

"I bet you did, too," chuckled 
Dick. "What time did they chuck 
you out?" 

"I retired to my bed," said 
Smithy with dignity, "at about 
4 o'clock this morning. My respon- 
sibilities were such that I had to 
make certain that the amplifying 
system was safely switched off 
before I finally departed." 

"It's a wonder that that club 
of yours doesn't get raided," grinned 
Dick, handing Smithy a fresh cup 
of tea. "My uncle was telling me 
about all the things which went 
on there on Christmas Eve." 

Area of glue Transistor \ body 

Fig. 3. Transistor lead breakage 
can be reduced by applying glue 
to the lead -out point, as shown 
here. The choice of adhesive is 

discussed in the text 

Smithy sighed. One of his great 
regrets in life was that, amongst 
Dick's multitudinous aunts and 
uncles, one of the latter was the 
steward at his club. 

"We celebrated Christmas Eve," 
he remarked mildly, "in a perfectly 
proper and respectable manner." 

"What about the chap who 
poured white sauce over your head, 
then?" 

"That was just a minor diversion 
during dinner," said Smithy. "For- 
tunately, I was wearing a crash 
helmet at the time." 

Cascode Pre -amplifier 
For once Dick was silenced and 

Smithy was able to return to his 
sheaf of letters undisturbed. 

"Here are two really good ones," 
he announced after a moment, 
"and they both appear in the same 
letter. The first describes a very 
neat way of obtaining a cascode 
aerial pre -amplifier from an old 
TV turret tuner. Very often, turret 

tuners are discarded because they 
are old models or because the 
mixer and oscillator section has 
become irreparably damaged. Pro- 
vided that the circuit is OK from 
the aerial input up to, and including, 
the band pass coils between the 
cascode and the mixer, a turret 
tuner can be employed as a very 
useful aerial pre -amplifier. The idea 
is so attractive, in fact, that it 
might even be worthwhile buying 
one of the manufacturers' surplus 
tuners that are knocking around 
nowadays at about ten bob or so 
each. What you do is to strip 
the oscillator and mixer section 
back to the band pass coils, then 
couple a length of coaxial cable 
to the contacts which connect to 
the secondary of those coils. (Fig. 
5). You next connect the aerial 
to the input of the tuner and the 
secondary of the band pass coils 
to the aerial input socket of the 
receiver, whereupon you have a 
cascode aerial pre -amplifier which 
can give you a considerable amount 
of gain, and which can be switched 
to any channel in Bands I and III 
for which coils are fitted." 

"Blimey," said Dick, impressed. 
"That is a crafty wheeze!" 

"Very crafty," agreed Smithy. 
"The gain given by the pre -amplifier 
can be increased on one channel 
by realignment of the trimming 
capacitors on the tuner chassis. 
Personally, I would leave the aerial 
coil trimmer, if one is fitted, severely 
alone, and concentrate on that 
which couples to the primary band 
pass coils. This should have quite 
a considerable effect on results. 
If you were to make a trimmer 
adjustment at a Band III channel, 
it would probably hold good for 
the Band III channels on either 
side as well. The adjustment might 
even hold good for Band I channels 
also. Incidentally, this pre -amplifier 
idea might be of interest to the 

Plastic plug 

cap i 

Aluminium cigar 
tube 
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Coiled solder 

Internal view 

External view 

Fig. 4. Aluminium cigar tubes, 
which tend to be plentiful at this 
time of the year, make 

convenient solder dispensers 

TV Dx boys, as well as to people 
who are trying to get a bit more 
gain for ordinary viewing." 

"What about power supplies for 
the pre -amplifier ?" 

"I would suggest that you use a 
separate power pack," said Smithy. 
"And one with an isolating mains 
transformer as well, so that the 
pre -amplifier chassis is not at mains 
potential. Apart from all the other 
precautions, you would need a 
proper aerial isolating circuit if the 
tuner had a live chassis, and it is, 
I think, easier to use an isolated 
power supply instead. Anyway, 
let's get on to the second idea in 
this letter." 

Smithy paused for a few seconds. 
"This second hint," he pronoun- 

ced, "has also to do with pre -ampli- 
fiers. There are many Band I aerial 
pre -amplifiers still skulling around 
from the days before Band III came 
on the air, and they are still capable 
of being used with present day 
receivers if you're prepared to do 
the necessary retuning. If a present 
day receiver has the standard 405 
line intermediate frequencies of 
34.65 Mc/s vision and 38.15 Mc/s 
sound, you simply retune the pre - 

Band pass 
coils 

Primary 

Anode of second 

cascode triode 

Secondary 

HT+ 

Coaxial cable 

To aerial 
socket of 
receiver 

Fig. 5. A television aerial pre -amplifier can be made from a discarded 
turret tuner. The output, at signal frequency, is taken from the secondary 

of the band pass coils 
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Fig. 6. Increasing the gain of a television receiver by inserting a 
re -aligned Bond I pre -amplifier between the tuner unit and the common 

i.f. amplifier stage 

amplifier to cover this range and 
insert it between the tuner unit 
output and the output to the common 
i.f. amplifier. Provided that the 
tuner in the receiver has a 75t1 
output, as many have, the pre- 
amplifier will then function as an 
additional i.f. amplifier stage without 
any mismatches. (Fig. 6). It 
may be necessary, with some Band I 
pre -amplifiers, to add a turn or 
two to the coils to get them to tune 
down to 34.65 and 38.15 Mc/s. 
The unit should give sufficient 
bandwidth to give equal amplifica- 
tion to both sound and vision 
i.f.'s. If you wanted to you could, 
of course, peak the pre -amplifier 
at either of these i.f.'s. The pre- 
amplifier works on all channels 
and, if the job is done properly, 
it can provide a considerable amount 
of extra gain." 

"That," commented Dick en- 
thusiastically, "is a really knobby 
idea. From now on, I'm keeping 
my eyes open for any old Band 
I pre -amplifiers which may be 
knocking around. And turret tuners!" 

"As you like," said Smithy 
absently as he picked out another 
letter. "But let me get on to the 
next hint. The one I've got here 
should be of interest to the service 
engineer who has to dig around on 
printed circuit boards. When it's 
difficult to get access to the underside 
of a board, an easy way of obtaining 
points for voltage readings consists 
of making up a couple of adaptors. 
One of these is for B7G valves 
and the other is for B9A valves. 

Wire 

Valve holder 

Solder joints 

Plug 

Fig. 7. A valve adaptor which 
enables voltage readings to be 
taken on the component side of 

printed circuit boards 

You simply solder the tags of a 
valveholder to those of a B7G 
or B9A plug, as the case may be, 
at the same time soldering in 
short lengths of tinned copper wire. 
(Fig. 7). When you want to take 
voltage readings you then remove 
the valve from the printed circuit 
board, insert the adaptor, and re - 
plug the valve into the socket on 
the adaptor. Your voltage readings 
can then be taken from the short 
lengths of wire soldered to the 
tags in the adaptor." 

"This," pronounced Dick, "is 
one of those cases where, by devoting 
a few idle minutes to knocking 
up a simple servicing device, you 
can save a considerable time later 
when everything's at panic stations!" 

"Very true," replied Smithy. "And 
you've now got yourself a nice 
little job! We could use a couple 
of those adaptors in the Workshop." 

"Fair enough," replied Dick. 
"I'll send in my estimate shortly." 

Transistor Connections 
"There's another hint here," said 

Smithy, ignoring his assistant's com- 
ment, "and this is concerned with 
transistor connections without solder- 
ing, and without the hazards that 
that process sometimes involves. 
You first of all make several little 
coils, each of which is formed by 
close -winding about six turns of 
20 to 22 s.w.g. tinned copper wire 
round a medium-sized sewing needle. 
(Fig. 8). You require one of these 
coils for each lead of the transistor 
which is to be handled. The coils 
are soldered to the tags to which 
the transistor is to connect, where- 
upon they form short `tubes' 
to receive the transistor leads. 
These leads are inserted until they 
bottom on to the solder joints, 
after which the coils are flattened 
out with pliers. All the turns of 
each coil" short-circuit together, 
and the coils become virtually 
solid extensions of the tags. This 
scheme works perfectly in practice, 
and grips the transistors so firmly 
that they can only be pulled out of 
contact when considerable force is 
exerted." 

"That," remarked Dick, "is quite 
a novel idea." 

"It is, isn't it?" agreed Smithy, 
taking up another letter. "It's 
rather like a wire -wrap connection 
in reverse. Funnily enough, one 
of the two dodges in the next letter 
also employs a needle. To make a 
'socket' for a personal earphone 

you simply pierce two holes at each 
conductor in a length of clear 
twin flex having a 'figure 8' cross- 
section. (Fig. 9). The holes are 

Tinned copper 
wire 

Sewing needle 

Coil soldered 
into place___4________ 

Transistor__ 

Tag 

Transistor 
lead inserted 

^ 

4iCoil 

crushed 

/together to 

grip lead 

tightly 

Fig. b. Solderless connections 
for transistor lead -outs. In (a) 
tinned copper wire of 20 to 22 
s.w.g. is wound around a 
medium-sized sewing needle to 
form a small coil, which is 
soldered to the appropriate tag 
in (b). The transistor lead -out 
is then inserted (c), and the coil 
flattened with pliers, as in (d) 

spaced to take a miniature two -pin 
plug, which is then pushed through 
the holes and makes contact with 
the conductors. A dodge of this 
nature can, of course, be adapted 
to meet a number of other require- 
ments where low voltages and 
currents are involved, and you 
could insert single plugs into the 
flex instead of twin plugs. 

"The second dodge in this letter 
has to do with soldering irons. 
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We all of us know that you can 
i add an `extension bit' to a soldering 

iron by wrapping a length of 
copper wire on to the bit. Normally, 
however, this expedient isn't always 
as successful as we expect it to be. 
What the present idea does is to 
take the scheme one stage further 
by flattening the section of the 
wire which is in contact with the 
bit, so that there is a much more 
efficient transfer of heat. You 
start with a length of -hin diameter 
copper wire and flatten most of 
this to half -thickness with a hammer. 
(Fig. 10). You then coil the flat 
part tightly round the bit, the 
remaining round part providing the 
extension." 

Final Hints 
Smithy put the letter back on 

his bench, and hold out his cup. 
"Blimey," said Dick, "more tea?" 
"Of course," replied Smithy. "All 

this talking is making me thirsty!" 
Obligingly, Dick rose once more 

to replenish the Serviceman's cup. 

Clear twin 'figure 8 flex 

To audio 
source 

Pierce with stout needle 
and press in plug 

Fig. 9. A "socket" for personal 
earphones, or similar low voltage 

and current devices 

"I've just remembered something," 
called out Smithy, as Dick busied 
himself with the Workshop's battered 
utensils. 

"What's that?" 
"You talked about me being 

under the weather this morning," 
said Smithy. "But what about 
you? You looked like something 
the cat had brought in when I first 
saw you!" 

"I may have looked a little 
tired," replied Dick, cautiously, 
"but that was only because I, also, 
was acting in an advisory capacity 
during the New . Year's Eve celebra- 
tions." 

"Where at?" 
"Joe's Caff." 
"Good gracious," exclaimed 

Smithy. "It's ages since you went 
there, isn't it?" - 

"There was .a "period," .admitted 
Dick, "when the gang kept away, 
but that's over now." 

"What happened?" 
"You know that he's always 

altering the place round and giving 

it a new name," explained Dick. 
"Well, earlier on last year he 
decided to go all satirical. He had 
the place plastered with pictures 
of David Frost and covers from 
Private Eve, and he changed the 
name to 'The Institution'." 

" `The Institution'? 
"That's right," said Dick. "It's 

the nearest word he could find to 
`The Establishment'." 

"Was it a success?" 
"Not really," replied Dick. "You 

see, he then started being satirical 
to customers. The result was that 
they started being satirical back to 
him, and it ended up with everybody 
getting all cobbed up." 

"Cobbed up?" 
"Getting the needle." 
Smithy considered this information 

for a moment. 
"I don't see," he remarked 

eventually, "why anyone should 
get upset because of a little satirical 
conversation." 

"You don't understand what 
being satirical is," said Dick im- 
patiently. "Being satirical means 
insulting people." 

Smithy decided to change the 
topic. 

"Has he changed the place around 
since then?" he asked. 

"Oh yes," said Dick enthusiastical- 
ly. "Now that the Beatles have 
introduced the Liverpool Sound, 
he's got the place all done up to 
look like a cellar. He's even put 
in a stage at one end, complete 
with six power points." 

"Six power points?" 
"For the guitars, of course," 

explained Dick. "Also, he's got 
a big mural of the Mersey Tunnel 
on one wail and he's changed the 
name to 'I'm All Right, Wack'." 

"Very enterprising." 
"Isn't it?" agreed Dick. "Anyway, 

we had our own little group in 
there last night, and we were really 
swinging. It was the best New 
Year's Eve I've ever had." 

"What do you call your group?" 
"We're 'The Woodlice'," replied 

Dick proudly, "and I'm in charge 
of all electronics!" 

"I can see," remarked Smithy, 
"that there is a great future ahead 
of you in the field of music." 

"I'm certain there is," replied 
Dick assuredly. "I'm a real wiz -king 
with the vibrato and the reverb!" 

"I have no doubt of it," said 
Smithy. ."Anyway, let's get back 
to our hints." 

"As you like," said Dick equably." 
"Right," said Smithy; picking 

up a further letter. "Now, I've 
got another hint here which is 
also in the soldering iron category. 
What you do is to drill a hole with 

1/16'dia copper wire 

Hammer flat to half thickness 

Standard soldering 
iron 

Flat section 

Round section 

Fig. 10. A simple and efficient 
method of obtaining an extension 

soldering iron bit 

a diameter of about fin and a depth 
of fin in the bit of a large soldering 
iron. (Fig. 11). The hole does 
not interefere with the working of 
the iron but, when the iron is 
standing on its rest, it forms a 
miniature solder pot. You fill 
the hole with solder, whereupon 
you can tin any wires or lead -outs 
you handle simply by dipping their 
ends into the hole." 

Smithy picked up a further 
letter. 

"There's another tip here about 
soldering irons," he continued, "and 
it will have to be the final one for 
today, I'm afraid. This hint has 
to do with a simple but effective 
soldering rest which can be 
made up in just about one minute. 
The rest is formed from a length 
of galvanised iron wire to a shape 
which can stand up on its own 
and which can take the barrel of 
the iron as well. (Fig. 12). A good 
choice of wire is given by the 
type which is used for binding 
parcels." 

Starting The New Year 
With an air of finality, Smithy 

took the letters from his bench, 
and returned them to their drawer. 

"And that," he pronounced, "will 
have to be the last hint for this 
particular session." 

Wire being 

tinned 

Soldering iron 
bit 

Solder filled hole 

/8dia x 1/4.deep 

Fig. 11. A modification to a large 
soldering iron which enables 
lead -out wires to be conveniently 

tinned 
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"There were certainly a good 
selection," said Dick. "Will we 
be having another go at readers' 
hints soon ?" 

"I hope so," said Smithy, "because 
I still have quite a few in hand. 
We'll have another sesh as soon as 
we possibly can." 

"Fair enough," said Dick com- 
fortably. "What's next on the 
agenda for today?" 

Smithy looked around him. 
"As you remarked earlier on," 

he said, "there isn't really a great 
deal to do. I propose, therefore, 
that we commence 1964 by taking 
the first day off." 

"And I," said Dick, "will second 
that! At the moment, there's 
nothing I want to do more than 
get back into bed." 

"The same here," agreed Smithy. 

Fig. 12. A simple soldering iron 
rest, which can be quickly made 

from galvanised iron wire 

"I've still got a bit of 1963 left to 
sleep off, yet!" 

And so it was that, five minutes 
later and with mutual cries of 

"Happy New. Year", our pair 
marched out of the Workshop. 
They were not now the shambling 
figures who had entered earlier, 
but were men who carried their 
heads erect and looked with con- 
fidence upon the promise of the 
coming twelve months, secure in 
the knowledge that they had both 
the drive and the ability to see the 
New Year through. Provided, of 
course, that nobody expected them 
to do any work on 1st January. 

The hints described in this month's 
episode of "In Your Workshop" 
were contributed by Gregory J. 
Powell, Philip R. Blakeney, C. D. 
Auger, V. Allison, P. J. Burridge, 
W. A. Hodges, T. Kamester, Charles 
Lee and P. G. Martin. 

Further hints for this feature are 
welcomed, and payment is made for 
all that are published.-EDrroR. 

ELECTRONIC 

TOUCH 

By M. J. DARBY 

THE CERBERUS Gx11 TUBE IS POSSIBLY UNIQUE 
amongst all electronic tubes in that it is 
operated from a person's finger. When the 

tube is touched it emits an orange glow and can be 
made to operate a relay; furthermore, the tube con- 
tinues to glow after the finger has been removed. 
The GK11 is basically a cold cathode trigger tube, 
the trigger being the external electrode which is 
touched and thus brought to earth potential. A 
steady potential is applied between the anode and 
cathode whilst the whole circuit swings above and 
below the earth potential by means of an applied 
alternating voltage. When the button is touched, 

Touch 
button 

38=40 mm 

Red lead 
= anode 

Blue lead.cathode 

Fig. 1. Dimensions of the GK11 tube 

The Cerberus GK11 "touch button" tube 

a minute capacitive current flows to the finger and 
this current causes the main anode -cathode gap to 
fire. The anode current can be used to provide an 
output pulse to operate other circuits or to operate 
a relay, etc. 
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Front panel 

Touch 
plate 

Front lens 

Shield 

Front panel Contact spring 

Fig. 2. Mounting the GK11 

Mounting 
plate 

rom met 

The shape and size of the unmounted tube are 
shown in Fig. 1. The tube must be mounted in a 
shield before use as shown in Fig. 2. A small metal 
touch plate makes contact with the touch button on 
the tube by means of a spring as shown. Trans- 
parent material surrounds the touch plate; it is 
through this material that the light emerges from 
the glowing tube. 

Circuit 
The type of circuit in which the tube can be used 

is shown in Fig. 3. The shield is connected to the 
cathode through a 1MÛ resistor. A floating d.c. 
supply of 220 volts ±5% is required and an a.c. 
supply of 110 volts ±10%. 

In actual practice the circuit of Fig. 4 is likely to 
be more convenient than that of Fig. 3, since no 
separate d.c. supply is required. The 211F capacitor 
effectively connects the cathode of the tube to the 
"live" lead as far as a.c. is concerned and the voltage 
on the cathode is therefore alternating with respect 
to earth. This ensures that a triggering current will 
flow when the button is touched. The diode in the 
cathode circuit provides a suitable d.c. supply, and 
it should have ratings of not less than 60mA and 
700 volts peak inverse. 

Applications 
One use for this type of tube occurs in industry 

when certain operations must be performed in suc- 
cession. If the circuit is so arranged that these 
operations can be performed by touching a number 

12kû 
relay 

GK11 t 

47kn 
Yewatt 

220 V 
+ 5°/o 

110V 
D.C. 

±10% 
471m AC. 

Touch ,,,,, watt 
button 

Fig. 3. A circuit for the GK11. Neither side of the 
d.c. supply should be earthed 
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of GK11 tubes, the number of tubes glowing at any 
one time immediately indicates how many of the 
operations have been carried out. 

The amateur experimenter can also devise uses 
for GK11 tubes. For example, if two GK11 tubes 
are used as part of a motorised t.v. tuner switch, 
one can immediately see which programme one is 
watching by merely noting which GK11 is glowing. 
When the non -glowing GK11 is touched, the relay 
in its anode circuit can be used to operate the motor 
which changes the channel whilst, at the same time, 
switching off the power supply to the GK11 tube 
which was initially glowing. The power supply to 
this tube is restored when the motor comes to rest. 
A number of GK11 tubes could, of course, be used 
in receivers having more than two channels. 

22kû 
3watt 

6.81kû 
700mW 
relay 

2µf Live 

- 400V wkg 

220V A.C. 

GK11 
Iw°tt +10% to -15% 

Neutral 

Touch 

button 

Fig. 4. Operating the GK11 directly from the mains 
supply 

Acknowledgement 
The circuits described in this article have been 

designed by the manufacturers of the GK11 tube, 
Messrs. Cerberus Electronics of Männedorf, Swit- 
zerland, from whom full details can be obtained. 
Cerberus tubes are available from Walmore Elec- 
tronics Ltd., 11-15 Betterton Street, Drury Lane, 
London, W.C.3. It should be noted that the GK11 
is a direct equivalent to a previous Cerberus tube 
coded GR22. 

BASIC DATA FOR THE GK11 
Minimum anode to cathode breakdown 

voltage .. .. .. 260 volts 
Maximum anode to cathode maintaining 

voltage .. . .. .. 85 volts 
Maximum cathode current .. 15mA 
Minimum cathode current .. 8mA 
Life expectancy .. Greater than 10,000 hours 

(Probably more than 107 ignitions) 
(As in all trigger tubes, the discharge will be 

extinguished only when the anode to cathode 
voltage falls below the maintaining voltage.) 
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TRANSISTORISED 
HOME BUILT CLOSED 
CIRCUIT TV 

Part 1-R. Murray -Shelley 
and T. Ian Mitchell 

The first 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 

HE AVAILABILITY OF REASONABLY PRICED COM- 
ponents has now put the field of closed 
circuit television well within the province of 

the amateur. This branch of electronics has some 
most interesting facets, and the construction of 
closed circuit television equipment should be 
within the capabilities of a large number of people. 

Most people are familiar with the basic principles 
involved in the production of a television picture. 
Closed circuit television equipment-particularly that in the lower price brackets-tends towards 
simplification of circuitry compared with that 
employed in broadcast television work. 

Interlacing 
Television signals transmitted by the broadcasting 

authorities give pictures of the so-called "interlaced" 
type. Here every other line comprising the picture 
is scanned alternately, the scanning spot being 
made to scan the remaining lines during the next 
field period. Pictures produced by this method 
are of excellent quality, the relative positions of 
the scanning lines remaining constant. Unfortun- 
ately, this type of interlaced scanning can only 
be satisfactorily achieved when there is a constant 
relation between the line and vertical deflection 
frequencies. On a 405 line system, the line frequency 
is 10.125 kc/s and the field frequency is 50 c/s. 
In order to generate the associated pulses, which 
have a constant ratio to each other as regards 
frequency, a standard pulse generator must be 
used. This is normally operated at a frequency 
of 20.25 kc/s, the required line and field frequencies 
being obtained by division using binary scaling 
circuits. The standard pulse generator is normally 
stabilised by locking it to the frequency of the 
supply mains by a diode comparison circuit. 

404 

A large number of closed circuit television 
cameras produce a picture having "random" 
interlace. Here the line oscillator is free running and the vertical oscillator is normally locked to the mains frequency. There is thus no direct relation and frequencies, and therefore no true interlace is possible. It is 
characteristic of this method of scanning that the 
lines appear occasionally to merge or "pair". 
Despite this, very good results can be obtained. It is important, however, that the line oscillator 
should be relatively stable if steady pictures are to be obtained. Fig. 1 shows a block diagram of 
a camera employing full interlace facilities. A camera having random interlace and a free -running line oscillator is shown in Fig. 2. It is obvious 
how much simpler the circuitry becomes. 

Output facilities 
The output from closed circuit equipment is 

either in the form of a video signal (1 volt in an 
impedance of 8012 is standard) when it is used to 
drive special monitor receivers, or the composite 
signal consisting of video, sync pulses and blanking 
pulses is used to modulate a simple r.f. oscillator 
normally tuned to a channel in Band I. The 
camera can then be used with a normal domestic 
television receiver merely by applying the camera 
output to the aerial socket of the receiver. It is 
sometimes necessary to detune either the receiver 
or the camera oscillator slightly to compensate for the fact that the output will be in a double 
sideband configuration, compared with the vestigial 
sideband system normally employed. Some difficulty 
is also occasionally experienced when using cameras 
having free -running line timebases with receivers 
having flywheel synchronisation. An r.f. output 
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is not usually employed in very high definition 
systems which, in any case, require special monitor 
receivers. 

The Vidicon Tube 
It is probably true to say that .he heart of a 

television camera is the pick-up tube. In many 
respects this is similar to the normal cathode ray 
tube found in a receiver. The functions of the 
two tubes are complementary, one converting a 
pattern of light and dark into a series of electrical 
impulses, the other performing the reverse process. 
Broadcast cameras now normally employ Image 
Orthicon tubes. The majority of small closed 
circuit units, however, are fitted with lin Vidicon 
tubes. This is one of the most recently developed 
of all the tubes available and operates by using 
the principle of photoconduction. Compared 
with other types of tube it is relatively cheap. A 
broadcast quality Vidicon can cost over £130, 
though industrial grade tubes are somewhat 
cheaper. There is available, however, an 'Amateur" 
grade at the very reasonable price (at the time of 
writing) of £12. This tube is substandard in that 
it has rather more blemishes on the target than 
better quality specimens, with which it is electronically 
identical. The writers have used such a tube with 
very acceptable results. The Vidicon is small in 
size, being only about 64in long by lin in diameter. 
The scanned area of the target is # x 4in, which is 

Control link Interlocking vertical 

and line oscillators 

20,250c/s 

oscillator 

Frequency 
division 

10,125 c/s 

oscillator 

Line 

deflection 

A picture reproduced by way of the CCTV camera 
described in this series of articles, in conjunction with 
a standard 14 in domestic television receiver (Fí6.3, 

1/30.sec, close-up lens, 13in from screen) 

convenient since it allows standard 16mm chie 
lenses to be used in the optical system.* 

Fig. 3 shows a diagrammatic representation of 

As is explained in more detail in Part 2, the "Amateur" version 
of the Vidicon, type 10667M, is available from E.M.I. Electronics 
Ltd., Valve Division, Hayes, Middlesex, or from Golden Rule 
Electronics Ltd., South View Laboratories, Litlington, Nr. Royston, 
Herts.-EDITOR. 
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Fig. 1. Block diagram illustrating the camera stages required 
for full interlace working 
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10.125 c/s 

free running 

oscillator 

Line sync 

Blanking 

Deflection 

Vertical sync 
5049 direct 

Blanking 
from mains 

Deflection 

Pt..A 
PCB 

9utPut 
RE oscillator 
modulated by 

video 

Sync - 
video 
mixer 

R.E vision signal Random interlaced signal 

To Pt. 

To Vidicon cathode or modulator 

To scan coils 

To Pt.'B 

To Vidicon cathode or modulator 

To scan coils 

Video 

Amplifier 

1 
From Vidicon target 

Fig. 2. The much simpler camera circuits needed with a 
free -running line oscillator 

the tube electrodes. The electron gun assembly 
is similar to that in a conventional cathode ray 
tube. An indirectly heated cathode is used and 
electrons emitted from this are accelerated by the 
anode Al. The grid, or modulator, G1, serves to 
control the beam current by varying its electrical 
potential. This is always negative with respect to 
the cathode. The electron beam is of low velocity, 
and this is an advantage since no e.h.t. is therefore 
required. The beam current is very small-normally 
about 0.2NA. A very narrow, sharply focused beam 
is required, and focusing is effected by a combination 
of an electro-magnetic and an electro-static field. 
The magnetic field is produced by a coil extending 
almost the whole length of the tube, and the electro- 
static field is generated by applying a suitable 
potential to the wall anode A2. Electrically con- 
nected to A2 is a fine mesh A3 whose function is 
to decelerate the electrons before they strike the 
target, and to act as an ion trap. The electron 
beam is made to scan the target surface by the 
application of suitable external magnetic fields. 

The Target 
A sectional view of the target is shown in Fig. 4. 

It consists of an optically flat glass faceplate, on the 
inner surface of which is a transparent conductive 
film electrically connected to the target connector, 
which takes the form of an external metal ring. 
Deposited on this conductive film is a very thin 
layer of a photoconductive material. This material 

Target connector A3 AI Cathode 

Face plate Target A2 Modulator (GO 

Fig. 3. A diagrammatic representation of the 
electrodes in the Vidicon tube 

has a high transverse resistance in darkness, which 
decreases with increasing illumination. The scene 
to be televised is sharply focused on to the film 
by means of a lens system. 

The operation of the target is perhaps easiest 
to understand if it is assumed to consist of a large 
number, some 220,000, of small sensitive elements. 
Each of these elements can be thought of as being 
a small capacitor (formed between the "tube" 
side of the photoconductive film and the trans- 
parent conducting layer), which is shunted with a 
light dependent resistor (formed by the photo- 
conductive material itself). The capacitor is connec- 
ted on one side to the target connector and thence 
via a load resistor to a positive voltage of about 
30. (Fig. 5). 

The target is now scanned by the beam and the 
surface of the target facing into the tube is 
stabilised at about the cathode potential. Thus, 
there exists a potential difference between the two 
plates of our capacitor, it being charged almost 
to the potential applied to the target connector. 
1f the particular element which we are considering 
happens to be in darkness, the resistance exhibited 
by the light dependent resistor will be high, and 
therefore very little of the charge on the capacitor 
will leak away. 1f however the element is illuminated, 
the potential across it will be diminished in pro- 
portion to the level of the illumination. A pattern 
of positive charges corresponding to the parts 
of the optical image is thus produced on the inner 
surface of the target. The next time that the electron 

Transparent 

conducting 

film 

Target' connector 

Fig. 4. Detail showing a section through the Vidicon 
target 
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LDR. 

Load 
Resistor 

+30V 

Fig. 5. The target can be considered as a large 
number of small capacitors shunted by light dependent 

resistors 

beam sweeps past, electrons are deposited and 
neutralise these positive charges. As a result of 
this action a variable current flows in the target 
load resistor. The time during which the electron 
beam actually rests on an individual element of 
the target is called the examination time. The 
remainder of the time before the electron beam 
next comes along is termed the storage time. 
The ratio of the examination time to the storage 
time is about 1:200,000 for a 405 line system. 
This ratio will be somewhat larger for a 625 line 
system. Since the charge drawn from the capacitor 
is that which has accumulated during the storage 
time, it follows that a given CCTV camera is more 
sensitive when operated on 625 lines than on 405 
lines. The output from_the tube is relatively large 
and is at a high impedance. It must be considerably 
amplified before it can be of practical use. 

The Video Amplifier 
The amplifier used for amplifying the tube 

output must satisfy some rather stringent conditions. 
Let us suppose that the camera unit is to operate 
on 405 lines and have a resolution equivalent 
to 300 "vertical lines" across the picture; it can 
then be shown that the video amplifier must have 
a bandwidth of at least 2.7 Mc/s. That means 
that it must amplify signals whose frequency ranges 
from only a few c/s to several Mc/s, all to the same 
degree. To do this calls for careful design and 
construction. The signal-to-noise ratio of the 
amplifier must be kept low for obvious reasons. 
Some provision is also normally made to correct 
for non -linearity in the Vidicon characteristics. 

Operation on 625 lines and higher line standards 
calls for video amplifiers having still higher band - 

The rear of the camera head, showing the operating 
and pre -set -controls 

widths. In general, the resolution of the Vidicon 
tube is good and is practically limited only by the 
bandwidth of the amplifier. 

Amateur -Constructed Equipment 
Amateur -built closed circuit television equipment 

usually takes the form either of very low definition 
electro-mechanical systems using disc scanning 
methods, or of flying spot transparency scanners. 
Neither of these methods can really compare with 
camera channels based on the Vidicon tube just 
described. By using the "Amateur" grade Vidicon 
mentioned, a very satisfactory camera chain can 
be constructed at relatively low cost. 

Next month the circuit of a camera suitable 
for home construction will be described. It can be 
built at a cost of under £35 if the smaller compo- 
nents are already available, it is fully transistorised, 
and it can be used in conjunction with almost 
any domestic television receiver, including those 
with flywheel sync. The construction is relatively 
simple, the most difficult part-the construction 
of the magnetic lenses-being avoided by the use 
of commercially -made components. 

(To be continued) 

G.P.O. Orders Two Solartron Data Logging Systems 
The Research Branch of the Engineering Department of the General Post Office, Dollis Hill, London, has placed 

a contract for two Data Logging Systems, total value of £28,000, with the Solartron Electronic Group Ltd., Farnborough, 

Hampshire, specialists in this field. 
The equipment will be used for the measurement and recording of the electrical parameters of planar type 

transistors during and after manufacture. 
The Solartron System connects different circuit configurations to the transistors and measures the associated 

parameters. Off -limit readings of certain critical parameters can change the sequence of scanning. 

The system will resolve leakage currents down to 2.0 x 10-11 amperes. 
All the control and display equipment is designed to operate in an ultra -clean area with its attendant design 

considerations. 
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TRANSISTORISED 
TELEVISION 

CIRCUITS PART 3 By Gordon J. King, 
Assoc.Brit.I.R.E., M.T.S., M.I.P.R.E. 

In this series of articles, our contributor has, up to now, described transistorised television tuners and transistorised sound and vision i.f. amplifiers. The present article carries on to deal with sound and video amplifiers, together with a.g.c. and contrast control circuits 

Audio and Video 
HE AUDIO STAGES OF A TRANSISTORISED TELEVISION 

set are very similar to those of an ordinary 
transistorised radio set or amplifier. Some models feature a driver stage fed from the sound 

detector via an interference suppression circuit in front of a class B output stage; other models use a pre -amplifier in front of the driver with or without 
a suppression circuit. 

Maximum audio output for about 10 % total 
distortion is often of the order of I watt. While most models employ a driver transformer of some kind, not all use a speaker transformer, and some 
have provision for plugging in a "personal listening" 
earpiece which can be operated either by itself or in 
conjunction with the speaker. 

The audio stages and interference suppression 
circuit of the Pye Model TTI are shown in Fig. 8. Audio from across the detector load (R14 in Fig. 4, Part 2) is coupled to the interference suppressor diode through the electrolytic capacitor C25. Resistors R18 and R19 connect the diode across the 
supply voltage to provide "forward conduction". This means that the diode offers a low impedance to the a.f. which, under normal conditions, is passed on to volume control R20 through the second 
electrolytic coupling capacitor C27. 

Interference Suppression 
In the event of a burst of impulsive interference, 

such as that created by car ignition systems and 
electrical appliances, the interference transient 
waveform fed from the sound detector is of such polarity that it tends to combat the forward conduc- tion of the diode and, in fact, causes it to cease 
conducting. The interference transient is thus 
prevented from being passed on to the volume control. In practice, the transient pulse is consider- ably attenuated, and the suppressor diode is held in a high impedance condition governed by the time 
constant of R19 and C26, the values chosen here 

offering the best compromise between sound quality 
and suppression efficiency. It is the charge on C26 
which holds the diode at cut-off during the time - 
constant period. This circuit is remarkably simple 
yet highly effective. 

Audio Circuits 
The driver transistor TR9 is a fairly straight- 

forward grounded -emitter circuit with the collector 
loaded by the primary of the driver transformer T4. 
The base is biased by the potential divider com- 
prising R21 plus R22 and R23, with R2, and C29 
forming a low -frequency filter. D.C. stabilisation 
is provided by R25 and degeneration is avoided 
by C30. 

The class B output stage (TR10 and TR11) is also 
conventional. The output pair of transistors is 
biased by R26 and R27 for almost complete collector 
current cut-off (complete quiescent cut-off is usually 
avoided to minimise cross -over distortion), and 
stabilisation is provided by R28. Higher order 
harmonics generated at the cross -over point are 
suppressed by the R.C. combination R29 C31 across the primary of the output transformer, and 
further improvement in quality is achieved by the 
negative feedback loop through R24, from the 
collector circuit of the output transistors to the base 
of the driver. 

Deviations 
In the Perdio "Portarama" set a transformerless 

audio output stage is employed. This uses two 
transistors in a form of class B circuit and a driver 
transformer with two separate secondary windings. 
A pre -amplifier stage is used in front of the driver 
transistor, and a jack socket is employed for 
energising an earpiece. The transformerless output 
stage is described in the literature.' 

Video Amplifier 
A big problem in the design of transistorised 
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television sets has been associated with the video 
amplifier. We are here, of course, considering a 
receiver which is to operate from, say, a 12 volt 
car battery as well as from a mains power unit. 
This means that the basic design must be for a 
supply voltage around 10 to 11 volts (allowing for 
voltage drop in the connecting cables). The problem 
is that about 50 volts of video signal are needed to 
drive the picture tube. How do we get a 50 volt 
drive from a 10 volt supply? 

The obvious solution is to use a step-up trans- 
former. Unfortunately, this is not a simple thing 
to manufacture for a wide video passband, and it 
is not used in practice. There have been various 
experiments associated with the design of a picture 
tube which would operate within the drive limitation 
of a video amplifier working from a 10 volt supply, 
but nothing at this stage appears to have come of 
them. 

Another method put forward2 was the "beanstalk" 
amplifier, due to L. E. Jansson. This system achieves 
a high drive voltage by the use of a series chain of 
transistors having voltage or dissipation limits 
which prevent their providing the output singly, the 
amplifier being energised from a considerably higher 
voltage source than that of a car battery. A system 
of five voltage multiplying stages has been used 
successfully in this configuration. 

This method is somewhat obsolete now, though, 
for transistors are available which will give a video 
output of some 60 volts provided a sufficiently high 
voltage is available to energise them. The Mullard 
AF118 transistor is a typical example. 

Apart from voltage and dissipation limitations, 
the feedback capacitance of a transistor forms a 
References 

I. Reference Manual of Transistor Circuits, Mullard. 
2. Bryan R. Overton, Transistors in Television Receivers, Journ. 

Television Soc., Vol. II, No. 8, July -September 1958, pages 444-468. 
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major limitation to its use as a wideband video 
amplifier. With increase in frequency, this capa- 
citance reduces the input impedance of the transistor 
and thus shunts the input circuit and attenuates the 
applied signal. The limitation is accentuated at the 
high voltage gains associated with the video ampli- 
fier stage. 

The Mullard AFI 18, for example, uses the alloy - 
diffused technique which keeps the feedback 
capacitance down to about 1.8pF. As already 
intimated, the output signal obtainable from a 
transistor is limited by the voltage that can be 
applied to the collector and by its dissipation ratings. 
The alloy -diffused technique gives a high collector 
breakdown voltage and, with the AF118, up to 
almost 70 volts of video can be obtained (provided 
the collector voltage is available, of course) at full 
bandwidth. This transistor is, in fact, used in the 
Perdio "Portarama" set. 

Pye Video Stage 
The Pye uses a V15/20R transistor in the video 

output stage, as is depicted in Fig. 9. The collector 
of this transistor is loaded by the video load resistor 
R65 and a second resistor, across which the sync 
pulses are developed, R64. With the video com- 
pensating chokes, L10 and L11, this circuit has much 
in common with the anode circuit of the video stage 
of an ordinary television set. R63, across L11, is 
simply to prevent the inductor from ringing, and 
acts as a damping device. 

It will be seen that the collector circuit is fed from 
a -60 volt power supply. This supply, along with 
a further -60 volt supply and a 4-60 volt supply, 
is obtained by rectifying some of the pulse voltage 
developed across a separate winding on the line 
output transformer. This scheme is commonly used 
in transistorised television sets to secure the required 
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collector voltage for the video amplifier transistor 
and for other things, as we shall see later. 

Emitter -follower Amplifier 
In Fig. 9 the video amplifier stage, TR21, is driven 

by a pre -amplifier or first video amplifier, TR19. 
This pre -amplifier or driver should preferably have 
a high input impedance, so as not to load the vision 
detector unnecessarily, whilst at the same time 
providing a relatively low output impedance to 
drive the video amplifier. The ideal configuration 
to satisfy both of these conditions is, of course, the 
emitter -follower (equivalent to the valve cathode - 
follower), and this circuit is used almost universally 
as the video driver. 

Thus, the emitter circuit of TR19 is d.c. coupled 
to the base circuit of TR21. Base vias for TR19 is 
provided by the potential divider comprising RS3 
plus R54 and R55. The bias conditions are adjustable 
by the preset resistor R53, and since the base of TR21 
is tied direct to the emitter of TR19 it follows that 
adjustment of TR19 bias will also affect the bias on 
TR21. 

With the Pye Trl, the bias preset resistor should 
be adjusted until 0.4V d.c. exists across either R55 
or C59 or C61 (the latter two components appearing 
in Fig. 6, Part 2). 

L8, tuned by C64 and damped by R56, forms an 
i.f. beat rejector, and should be adjusted for 
maximum suppression of the 3.5 Mc/s dot pattern 
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5% 

Fig. 9. Two stages of video 
amplification ore provided by 
TR19 and TR21. The video drive 
to the picture tube grid is about 
50 volts, and this is made 
possible by the use of a special 
video output transistor energised 
from a -60 volt source derived 
from the line output stage. 
TR20 is the a.g.c. amplifier, and 
it controls the gain of the tuner 
and i.f. stages both automatically 

and manually 

on the picture. A degree of video compensation is 
given by R59 and C65, while L9 in conjunction with 
C67 prevents the video signal from getting into the 
power supply circuits. 

A very similar arrangement is employed in the 
Perdio receiver, but here the bias preset resistor is 
located in the base d.c. circuit of the video output 
transistor. 

Video Polarity 
From Fig. 6 in Part 2 it will be seen that the vision 

detector supplies a negative -going video signal, 
which is applied to the base of TR19. The emitter 
of TR19 supplies a signal of the same polarity to the 
base of TR21, which means that a positive -going 
picture signal is present at the collector of this 
transistor. This, of course, is suitable for applying 
to the grid of the picture tube. 

In the Perdio set the vision detector diode is 
connected the opposite way round, so that a positive - 
going video signal is produced. Since the Perdio 
video stages are similar to those of the Pye receiver 
in Fig. 9, it follows that a negative -going video 
signal is produced in the collector circuit of the 
output transistor. This is, in fact, the case, and on 
this model the video is taken to the cathode of the 
picture tube, as with valve receiver practice. The 
transistor bias conditions have to be adjusted, of 
course, to suit either a negative- or positive -going 
detector signal 
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Deriving Vision A.G.C. Bias 
The waveform at the emitter of TR19 in Fig. 9 

shows that 1 volt peak -to -peak of composite video 
signal is applied to the base of the output transistor 
TR21. This signal is also applied to the base of 
TR20, which is an a.g.c. amplifier. 

The signal is really the d.c. component of the 
rectified video signal, and TR20 serves to amplify 
this while also reversing its polarity (a phase 
reversal occurs between the base and collector 
signals of a transistor). The voltage at TR20 
collector is therefore representative of the signal 
amplitude at the vision detector. An increase in 
signal amplitude results in the voltage at TR20 
collector going less negative which, as explained in 
Part 2, then reduces the gain of the vision channel. 
A decrease in signal has the opposite effect. 

Contrast control is given by a potentiometer, 

R62, across the 10 -volt power supply in series with 
R61, the slider of the control connecting to the 
emitter of TR20. The emitter potential and, there- 
fore, the reverse bias on the base of TR20 are thus 
controllable by the contrast potentiometer, and the 
detector output level at which the a.g.c. action 
commences is also variable. This is, again, a simple 
yet highly effective circuit. 

The video waveforms at the base and emitter of 
the first video amplifier show that there is no 
voltage amplification, as such, but it will be appre- 
ciated that TR19 achieves its very important match- 
ing operation without loading the vision detector 
and while supplying both the a.g.c. amplifier and the 
final video amplifier. 

The next article in this series will discuss the line 
timebase and the picture tube biasing arrangements. 

(To be continued) 

TRADE REVIEW .. . 

The Commando II 

S.S.B. Transmitter 

EGULAR USERS OF THE AMATEUR 
bands need no convincing that 
the change over from the 

a.m. to the s.s.b. mode of radio 
telephony is in full swing. Those 
who have already made the change, 
need no theoretical discussions to 
convince them of the wisdom of their 
decision. 

The construction of an amateur 
bands s.s.b. transmitter is quite a 
formidable undertaking compared 
with that of an a.m. rig, and it is not 
surprising therefore to find that there 
is a ready market for commercially 
made s.s.b. transmitters. We were 
therefore pleased to have the oppor- 
tunity of giving the latest transmitter 
in this class an extensive trial. 

The Commando II SSB Trans- 
mitter, is being produced by a 
specialist division of Mosley Elec- 
tronics Ltd., in Norwich, England. 
As can be seen from the photograph, 
it is a compact, attractive unit, with 
everything, including power supply, 
contained in one cabinet 19 lin long 
by 9iin high by 124in deep. With 
the limited space most amateurs have 
these days, this compactness is a 
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useful feature. The attractive appear- 
ance of the cabinet, finished in a 
grey hammer -tone, has considerable 
eye appeal. 

A standard s.s.b. transmitter cir- 
cuit is used; trick circuitry of 
doubtful reliability having been 
avoided. A basic 435 kc/s crystal 
oscillator carrier generator is used 
and audio and 435 kc/s input is 
applied to a balanced modulator. A 
half -lattice crystal filter using vacuum 
mounted crystals rejects the unwanted 
sideband and carrier. Sideband 
attenuations of 40-45dB suppression 
and 50dB carrier suppression are 
obtained. 

A further balanced mixer converts 
the 435 kc/s s.s.b. signal to a neutral 
frequency of 1995 kc/s. The use of 
this "neutral frequency" avoids the 
possibility of some kinds of spurious 
beat frequencies being generated. 
The makers have included this 
feature despite the extra components 
and crystals needed, in view of 
the technical advantages of this 
system and because it permits 
sideband selection. Two crystals are 
used in the heterodyning oscillator 

for this purpose and the normal 
sideband convention is observed 
with the sideband selector switch at 
normal, i.e. lower sideband on 80 
and 40 metres and upper sideband 
on 20, 15 and 10 metres. When 
required, the opposite sideband may 
be obtained on the "invert" position 
of the sideband selector switch. 

The v.f.o. operates over the range 
3005-3505 kc/s. To minimise pulling, 
v.f.o. output is taken from an isolat- 
ing cathode follower stage to a 
further balanced mixer stage. The 
mixer stage also receives 1995 
sideband injection via a Class A 
amplifier stage. The output of the 
mixer gives a sideband signal in the 
range 5000-5500 kc/s according to 
the v.f.o. setting. The sideband 
signal is mixed with the output of a 
crystal oscillator in a final balanced 
mixer to provide sideband output on 
the amateur bands at correct side - 
band polarity. A three pronged 
attack on the problems of v.f.o. 
stability has been made. The v.f.o. 
is supplied with, stabilised h.t. and 
is temperature compensated. In 
addition the v.f.o. is "insulated" 
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against any possibility of "pulling" 
by means of a cathode follower 
isolating stage. The v.f.o. also 
runs continuously during "stand-by" 
periods so that long -period stability 
is assured. In practice, warm-up 
drift is so low that operation can 
commence directly from switch on. 
During several months of operation, 
no reports of drift have ever been 
obtained by the writer. The absence 
of drift is quite remarkable. 

The low level amateur band side - 
band signal output from the mixer 
is applied to a driven stage which in 
turn drives the final power amplifier. 
This employs a pair of 6146's with 
stabilised screen supply and 750V 
anode supply, giving a 1CAS rating 
for the 6146's of 180 watts plate 
input. Nine silicon rectifiers are 

employed in the h.t. and bias supply, 
twin fuses of the "slow blow" type 
protect against overloads. The oscil- 
lator and v.f.o. h.t. lines are stabilised. 

VOX and change -over relays are 
provided, the latter having three 
pairs of change -over contacts brought 
to a novai socket at the rear of the 
chassis. A jack socket is provided 
for manual operation, which can be 
used with a "push -to -talk" switch on 
the microphone. The function switch 
has the following positions: Tune-up, 
Net, CW, Manual and VOX. 

The transmitter is a pleasure to 
use. The tune-up procedure can be 
carried through without difficulty, 
though the drive control had to be 
advanced much further on all 
bands, than indicated in the operating 
instructions. Also the p.a. tuning 

and p.a. load control settings differed 
considerably from those suggested 
in the instructions. This was no 
doubt due to the aerial arrangements 
at the writer's station. However 
there was adequate drive on all 
bands and there is plenty of audio 
gain reserve. The v.f.o. dial, being 
an Eddystone type 898 is silky smooth 
and with the Function Switch at 
"Net", zero -beating with the station 
required is very easy indeed. The 
degree of v.f.o. bandspread is just 
about right. 

Very good reports on transmission 
quality and stability have been 
invariably obtained and we have no 
hesitation in recommending this 
transmitter to those wishing to make 
a start on s.s.b. 

The "Veronica" - 
2 -Transistor Receiver 
By D. B. PITT 

This article describes a simple receiver which may be constructed on a Veroboard printed 
circuit board. It also demonstrates the advantages of this material in the field of home - 

constructed projects 

vEROBOARD1 IS A STANDARD UNIVERSAL WIRING 
board which could be described as a logical 
development of the printed circuit. Unlike 

the ordinary printed circuit it is perfectly regular in 
form and consists of a series of parallel copper foil 
conductors, as may be seen from the photograph 
showing the underside of the "Veronica" receiver. 
The conductors are bonded to a laminated plastic 
board in the same manner as with a conventional 
circuit; but whereas the latter is intended, and can 
only be used, for one particular circuit, Veroboard 
can be employed for almost any circuit. All that is 
required is a little skill, which is soon learnt. No 
chemicals or complicated tools of any type are 
required at all. 

The overall cost works out at a fraction (area for 
area) of that for the conventional printed circuit 
board, and Veroboard is much quicker to use since 
no time is wasted in tedious painting with "resists" 
or waiting for messy etching fluids to slowly nibble 
away unwanted metal. If this were not enough to 
attract the amateur constructor, there is the further 
fact that the board can be modified and re -used a 
number of times. If components are gently removed, 
the effects of previous circuitry can be put right 
quickly and simply. 

Veroboard is manufactured by Vero Electronics, South Mill Road, Regents Park, Southampton. 
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Each copper strip of the Veroboard is pierced at 
regularly spaced intervals. The type employed here 
has a hole spacing of 0.2in. Each strip is 0.lin wide 
and there is a spacing between strips of O.lin. 
Thus there is a matrix pattern of holes with a pitch 
of 0.2in parallel to the strips and at right angles to 
the strips. The hole diameter is 0.052in. Component 
lead -outs may be passed through the holes and 
soldered to the copper part in the same manner as 
is used with conventional printed circuit boards. 
Because of the convenient 0.2in pitch, Veroboard 
layouts can be quickly sketched out, full size, on 
standard lin graph paper. 

Breaks and Links 
In a circuit employing Veroboard it may be 

occasionally necessary to provide a break in a 
copper strip. The writer has found that this is easily 
accomplished with simple handy tools, such as a 
twist drill between } and -&in diameter. Since the 
copper is thin, it can be removed with a countersunk 
bit held in the fingers whilst using rather heavy 
pressure. Care should be taken to prevent the drill 
from slipping in case it scratches the board and 
causes damage to other strips? 

2 This risk may be avoided by employing the special Spot Face Cutter Ref. VB3011, manufactured by Vero Electronics. This cutter has a spigot which locates in any Veroboard 0.052in hole, and it 
removes the strip over a 0.2in diameter circle.-Eorroa. 
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Fig. 1. The circuit of the "Veronica" receiver. The letter and figure references at each component indicate the 

corresponding copper strips and holes on the Veroboard sheet 

Components List 

Resistors (all $ or } watt) 
R1 100kS2 
R2 2.2kSl 
R3 220kg2 
R4 3.3kí2 

Capacitors 
C1 500pF variable (see text) 
C2 0.005µF 
C3 500pF 
C4 4.F electrolytic, 3V wkg. 
C5 0.0111F (optional) 

Inductors 
L1 Ferrite rod aerial coil (see text) 
L2 RFC 1.5mH (Henry's Radio Ltd.) 

If a break has been accidentally made at an 
incorrect part of the board, this is not a disaster, 
since the gap can easily be repaired by bridging it 
with a piece of tinned copper wire, the ends of which 
pass through the two holes nearest to the break. 
The ends protruding on the non -copper side are 
clipped short and clinched over firmly. The bridging 
wire is then soldered to the strip at the two points 
of anchorage. 

It is sometimes necessary to link one copper strip 
to another. This can be readily carried out by 
using a jumper, or link wire, positioned on the 
non -copper side and protruding through two holes 
in the strips it is desired to join. The ends are then 
soldered to the strips in the same manner as com- 
ponent lead -out wires. The length of jumper wire 
on the non -copper side may be insulated or not, as 
desired. 

Semiconductors 
D1,D2 Germanium diodes 
TR1,TR2 See text 

Earpiece 
Crystal type with socket (see text) 

Battery 
3 volt miniature 

Cabinet 
Plastic or wooden, to suit receiver. Approx. 

internal dimensions 4 x 3 x lin 

Veroboard 
1 sheet, hole pitch 0.2in. 10 strips x 20 holes 

(Henry's Radio Ltd.) 

Soldering 
As received, the board may appear to be tarnished. 

This effect is given by a protective coating on the 
copper which preserves the surface from atmospheric 
contamination and which makes a good quick 
solder joint possible even after prolonged storage. 

Unless alternative positioning is required, each 
component is laid flat on the non -copper side of the 
board with its leads bent at right angles and passed 
through the appropriate holes. These leads are then 
clipped off short leaving, say, A in visible, whereupon 
the stubs are bent over sharply to lie flat against the 
copper strip. The component is then clinched 
firmly to the board. The bending over is best done 
with a hard material, but this should not be harder 
than copper. A scrap of hard plastic or the handle 
of a knife will do; sharp steel objects should be 
avoided. 
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Fig. 2. The Veroboard employed for the receiver. This diagram also shows the letter and number references given 
in Fig. 1 

Soldering should be carried out quickly, using an 
electric iron and a good quality fluxed solder. 
Prolonged heating can destroy the bond between the copper strip and the plastic base. Even this 
damage can, however, usually be repaired. The 
injured spot is bridged by a fairly stiff piece of tinned 
copper wire, this being laid flat on the copper strip 
with its ends passing through the two nearest holes 
to the point of damage. The ends are clipped, 
clinched over and the strip soldered in the same 
manner as is used for bridging gaps. 

Building the "Veronica" 
An almost infinite number of circuit combinations 

may be built up with the aid of Veroboard. In this 
article, the construction of a simple two -transistor 
receiver (whose circuit diagram is shown in Fig. 1) 
is described. The various constructional steps 
involved demonstrate very well the capabilities of 
Veroboard in the home -constructor field. 

Because of the matrix pattern of Veroboard, a 
circuit can be built up from instructions which quote 
a number and letter reference for each connection. Fig. 2 illustrates the board required for the 
"Veronica" receiver, and it will be noted that it has 
ten copper strips, each with 20 holes. In Fig. 2 the 
strips are identified by the letters A to J and the 
holes by the numbers 1 to 20. In the constructional 
details which follow, each connection to the strip 
will be referred to by quoting the letter and number 
reference of the appropriate hole. Devotees of the 
game "Battleships and Cruisers" will need no 
second explanation! Fig. 2 illustrates the board 
with the copper side towards the reader.3 

The first process is to make three breaks in the 
copper strips at B7, B11, D9 and H9. The strips 
are interrupted at these points in the manner 
described above. Next to be fitted are links between 
copper strips. These travel over the non -copper side 

3 Clear adhesive tape with numbers printed to correspond with holes or strips is available from the manufacturers of Veroboard. -EDITOR. 
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of the board. Three links are required, one joining 
A9 to Jll, one joining B8 to F9, and one joining 
C5 to ES. 

The resistors come next and these should be I or } watt components. R1 (100k12) is fitted between 
A17 and D17, R2 (2.2k12) between A15 and F15, 
R3 (220kS2) between B5 and A8, and R4 (3.3k S2) 
between G8 and J8. 

The resistors are followed by the fixed capacitors. 
These should all be miniature types. C3 (500pF) 
connects between B13 and H13 and C2 (0.0051.iF) 
between D18 and I18. C4 (81.I.F electrolytic) connects 
between B6 (positive) and F8 (negative). 

The transistors are next fitted. One r.f. and one 
a.f. type are required and, in good reception areas, it should be adequate to employ surplus types. For 
moderate reception areas, TRl may be an 0C44 and 
TR2 an 0072 or 0081. For poor reception areas 
TR1 could be an MAT100. Transistors should be 
soldered into circuit as quickly as possible, using a 
heat shunt in the normal manner. The lead -out 
wires should, preferably, be sleeved to prevent the 
risk of short-circuits. The transistors are not 
mounted close to the board, and there should be 
about lin of lead -out wire above the non -copper 
side. The collector of TR1 is connected to B19, the 
base to D19 and the emitter to E19. The collector 
of TR2 is connected to G4, the base to B4 and the 
emitter to E4. 

The transistors are followed by the diodes. Dl 
connects between C14 (positive) and H14 (negative). 
D2 connects between H12 (positive) and D12 
(negative). Solder connections to the diodes should 
be made as quickly as possible, employing a heat 
shunt. 

A number of flying leads are now required. 
These consist of suitable lengths of flexible insulated 
wire which connect to external components. The 
negative battery lead comes first, and this connects 
to A5. The battery may be any 3 volt type, that 
employed in the prototype being conveniently fitted 
at one end of the board, as shown in the illustration. 
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The "Veronica" receiver, complete with crystal 
earpiece 

Connections are next made to the coil. This 
comprises 45 turns of 32 s.w.g. enamelled wire 
wound at the centre of a 4in length of ferrite rod 
having a diameter of -tin. Leaving a few inches of 
wire free for a lead -out at the start of the winding, 
first wind on 8 turns then twist a loop in the wire 
to form a tap. Finally, complete the 45 turns 
required, winding in the same direction, and leave 
a few inches spare at the finish. The coil may be 
fitted to the board in any convenient manner. In 
the prototype it was secured with an elastic band 
at the same edge as copper strip J. The coil 
described covers the medium waveband. Those 
who prefer the long waveband will need a coil of 
about 150 turns tapped after, say, the 50th turn. 

The start of the coil connects to C20 and the tap 
to 120. The finish lead -out is connected later. 

Next to be wired into circuit is the crystal earpiece 
socket. This consists of a socket which, normally, 
causes a circuit to be broken when the plug is 
inserted, as in Fig. 3 (a). In this instance it is 

... a,...... 

ocamousimai 

}.. 
. 

,l 

Underside of the completed receiver, alongside an 
unused sheet of Veroboard of the same area 
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Sleeve(X) 

Sleeve(X) 

i l 

(Y) 

(Z) 

Fig. 3 (a). Detail showing the switching contacts on 
the crystal earpiece before modification. When the 
jack plug is inserted in the sleeve, contacts "Y" and 

"Z" break 
(b). The contacts after modification. Inserting the 

jack plug now causes the contacts to make 
(c). The tag layout of the socket modified for the 

prototype. The contacts are towards the reader 

modified so that a circuit is made when the plug 
is inserted, as shown in Fig. 3 (b). The modification 
is carried out by carefully bending the "hook" of 
the switch contact down until the complementary 
contact (that which connects to the jack plug tip) 
just escapes from the embrace of the hook. It 
should now be found that inserting the plug causes 
the two contacts to make, and the action can be 
finally adjusted, if necessary, by a little squeezing 
with the fingers. The jack socket now functions as 
the on/off switch for the receiver, the latter being 
switched on when the jack plug is inserted. Fig. 3 (c) 
shows the layout of the tags on the socket modified 
by the writer. Tag "Y" of the socket connects by 
a flexible lead to El, and tag "X" to G1. Tag "Z" 
connects direct to the positive terminal of the 
battery. The flexible leads to the socket should be 
of sufficient length to enable it to be fitted in a 
convenient position for any cabinet in which the 
receiver may be housed. 

The tuning capacitor C1 has next to be connected 
up and this is any miniature 500pF type. The 
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writer employed a 500pF compression trimmer, 
replacing the adjusting screw with a larger one of 
the same thread and fitting a knob on the extension. 
The earthy terminal of C1 (with a trimmer, this 
corresponds to the plate nearest the head of the 
adjusting screw) connects to E20. The non -earthy 
terminal connects to the finish of the coil. This 
latter lead may be conveniently anchored near the 
edge of the board to prevent strain on the coil wire. 
The leads to C1 should be of sufficient length to 
enable it to be conveniently mounted in a cabinet. 

The r.f. choke is the final component to fit, and 
it connects between BIO and B12. A choke between 
1 and 2mH will be satisfactory, a suitable type being 
the 1.5mH choke available from Henry's Radio 
Ltd. It is mounted with its leads unshortened, so 
that its position relative to the coil on the ferrite 
rod may be adjusted. For long wave reception it 
will probably be preferable to employ a choke 
having an inductance of at least 2mH. 

Final Points 
The completed receiver may be conveniently 

fitted in a small plastic or wooden cabinet. The 
tuning capacitor and earpiece socket may then be 
mounted on the sides of the cabinet. 

It is possible to vary sensitivity by adjusting the 
spacing between the choke and the ferrite rod, since 
this introduces a measure of regeneration. If 
feedback does not occur, the ferrite rod may need 
to be turned over and fastened the other way round. 
Under very poor conditions the rod may even have 
to be mounted on the same side as the r.f. choke. 
An extra 0.01µF capacitor used as an r.f. bypass 
may help, and it should be connected between Al6 
and F16. This capacitor is shown as C5 in Fig. 1. 

Under extremely favourable conditions (e.g. close 
to a broadcasting station) it may be necessary to 
reverse the diodes to avoid instability. It should be 
noted that reversing one diode only will prevent the 
receiving from functioning. 

AN ECONOMICAL AMPLIFIER AND 

VARIABLE INDUCTANCE TUNER 

by SIR DOUGLAS HALL, K.C.M.G., B.A. (Oxon) 

Normally, a Class A transistor output stage has to draw a relatively 
heavy standing current if it is to handle input signals of both small 
and large amplitudes. In the amplifier described here, a novel circuit 
technique causes output transistor bias to vary with input signal 
amplitude. The amplifier is combined with a tuner to provide a 
complete 2 -transistor receiver with the first transistor re flexed 

OST TRANSISTOR AMPLIFIERS 
use the Class B principle in 
order to obtain good output 

with moderate consumption from 
the battery. But some who employ 
receivers with this circuit seldom 
take advantage of the maximum 
output which is available to them, 
as a very few milliwatts will give 
good personal listening on a sen- 
sitive loudspeaker. In these circum- 
stances Class B is not as economical 
as it might be, as its comparatively 
low efficiency means that quite 
often four transistors have to be 
used in place of two. Not only 
are two transistors required for the 
output stage, but an extra current 
amplifier is generally needed in a 
simple set. 
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The normal alternative is a 
straightforward Class A output 
transistor which, provided it is 
transformer coupled, will usually 
deliver its maximum power with 
one other transistor to drive it. 
But this output transistor must be 
biased so as to cope with heavy 
transients such as the occasional 
clash of cymbals, etc., and it accord- 
ingly takes the requisite amount of 
current needed for this contingency 
even though for 90% of the time 
it may have only a fraction of the 
maximum signal to deal with. 
This, again, is an uneconomical 
arrangement. 

Economical Class A Circuit 
The amplifier circuit to be des- 

cribed employs a single 0072 in 
the output. It is used as a Class A 
amplifier, but is arranged to draw 
the current it needs to cope with 
any input within the limits of its 
40mW maximum output. Its stand- 
ing current, however, is only about 
1mA, and its driver, the only other 
transistor in the amplifier, also 
takes about ImA. The amplifier 
operates like a Class B arrangement 
as regards fluctuating cuitent con- 
sumption, but not in any other 
respect. The maximum output of 
40mW is a good deal less than that 
of most Class B amplifiers, but it 
is very much more economical. 
It will be found that at a level 
suitable for a quiet room the needle 
of a milliammeter connected in 
series with one of the leads to the 
battery will seldom flick above 
3mA. Volume fully adequate for 
a large room will require an average 
of about 4 to 5mA from a 9 volt 
battery with occasional short periods 
up to 10 or 12mA during a loud 
passage of music. Quality is good. 

The amplifier circuit is shown in 
Fig. 1. TRt is a straightforward 
small -signal amplifier fed from the 
volume control VRt. It is shown 
as an 0C44 in order to operate 
satisfactorily with the special tuner 
to be described later. Also, in the 
interests of the tuner, a third input 
point is shown, connected to the 
collector of TRI. Constructors 
who do not wish to use the special 
tuner can use any low frequency 
transistor for TR', including a 
surplus "red spot" variety. They 
can also leave out the third input 
point. 
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Components List 
(Figs. 1, 2 and 3) 

Resistors 
R1 39k52 
R2 10kf2 
R3 1kt2 
R4 150k51 
R5 3.9kí2 
R6 1552 
R7 4.7k52 
VR1 5k52 log potentiometer 
VR2 50k52 linear potentiometer 

Capacitors 
CI 100µF 12V wkg. electrolytic 
C2 4µF 12V wkg. electrolytic 
C3 100µF 12V wkg. electrolytic 
C4 0.1µF 
C5 100pF 
C6 560pF 
C7 82pF 
Cs 560pF 

Inductors 
Li Rex LT44 (see text) 
L2 See text 
L3 See text 
T1 Repanco TT49 
T2 Rex LT700 (see text) 

Semiconductors 
Dl OA81 
D2 0A81 or similar 
D3 0A81 or similar 
TRl 0C44 (see text) 
TR2 0072 

Switches 
S1 s.p.s.t. on -off switch 
S2 s.p.d.t. wavechange switch 

Miscellaneous 
Ferrite rod 8 x jin diameter 
Speaker 352 impedance 

After amplification by TRl the 
signal is applied to the primary 
of T1 which is a Repanco T149 
interstage transformer. The blue 
lead of T1 should be connected 
to the collector of TRl and the 
red lead to battery negative. The 
secondary can be connected either 
way round. The signal then appears 
across the crystal diode, D1, an 
0A81. There will also be a d.c. 
component across DI and it is 
this which can increase the standing 
negative bias on the base of TR2 
to enable it to cope with the signal 
which has produced it. 

Experiment proved that in order 
to prevent TR2 from overloading 
it was necessary for the voltage of 
the audio frequency signal to be a 
little lower than the d.c. voltage. 
In other words it was necessary 
for some of the a.c. voltage which, 
after rectification by Di produced 
the d.c. voltage for bias, to be lost 
before it reached the base of TR2. 

-9V 

Fig. 1. The circuit of the economy Class A amplifier 

It was also found that there was a 
preponderance of the higher audio 
frequencies and that it was these 
higher frequencies which caused 
overloading. L1 was therefore intro- 
duced in the standing bias arrange- 
ments for TR2. L1 is an l.f. choke. 
In practice it is the secondary 
winding (black and white leads) 
of a Rex driver transformer, type 
LT44. The inductance of this 
winding is just right for the job 
it has to do. Its d.c. resistance is 
low, so that it has little effect on 
the d.c. voltage impressed on the 
base of TR2. But at audio frequen- 
cies it forms a potentiometer with 
R5 and introduces a loss of voltage 
which increases with frequency. The 
Rex LT44 is sold together with an 
output transformer type LT700 
as a pair.* The LT700 is suitable 
for T2, using the whole of the 
primary winding which gives a 
ratio of about 19 to 1. 

Little comment is needed on other 
parts of the amplifier circuit except 
to mention that R6 is not bypassed 
by an electrolytic capacitor since 
the current passing through it is 
constantly varying. A high capaci- 
tance in parallel with R6 could 
cause unfortunate effects as the 
capacitor charged and discharged 
with the varying voltage. 

The Tuner 
Fig. 2 shows the circuit of the 

tuner which has been especially 
designed to be used with the amplifier 
just described. Fig. 3 shows the 
circuit of the units combined as a 
complete receiver. 

The LT44 and LT700 transformers are 
available as a pair, at low cost, from 
Henry's Radio Ltd. and other suppliers. 

The tuner is unusual in three 
respects: first, because it employs 
variable inductance tuning by means 
of a ferrite rod which slides in and 
out of the two coils used for medium 
and long waves respectively; second, 
because only one winding is used 
for each waveband, and there is no 
coupling coil, reaction coil or 
tapping point; and third, because it 
makes use of the first transistor in 
the amplifier for amplification at 
high frequency before demodulation 
by D2 and D3. That is to say, it 
turns TRl into a reflexed amplifier 
with reaction. 

L2 is the medium wave coil and it 

Fig. 2. The tuner section 
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105 

Fig. 3. The complete receiver given by the combination of tuner and 
amplifier 

consists of 140 turns of 32 s.w.g. 
enamelled wire close wound on a 
3in long sleeve made to fit a }in 
ferrite,rod. The coil will be between 
2 and 21in long. The sleeve is made 
of adhesive -backed plastic ("Con- 
tact" or similar), the paper backing 
being left on for an inch or so before 
winding a piece, 3in square, onto 
the rod. The sleeve should be made 
a nice easy sliding fit. 

It will be seen that there are 
stray capacitances from each end of 
L2 to earth, not to mention C7, and 
consequently a capacitance tap at 
earth potential. When the tuner is 
connected to the amplifier the base - 
emitter circuit of TRI will find itself 
connected across a part of the tuned 
circuit and the aerial will similarly 
be connected to a part of this 
circuit. VR1 will now be found to 
act as a high frequency volume 
control in addition to performing 
its normal function, and it must be 
set to a near -maximum position in 
order to obtain reaction. Reaction 
is controlled by VR2. Some increase 
in selectivity can be obtained, when 
this is wanted, by turning VR1 back 
a little so as to reduce the r.f. signal 
on the base of TRI, and by increasing 
reaction by means of VR2. The 
effect is rather similar to using a 
variable -mu volume control in con- 
junction with a reaction control in a 
t.r.f. valve receiver, except that 
there is a limit to the reduction in 
the setting of VR2 which will still 
allow reaction effects to be obtained. 

C7 performs a dual function. 
First, as already stated, it operates 
in conjunction with stray capacitances 
to provide a suitable tapping point 
into the tuned circuit; second, in 
conjunction with L3, which forms an 

418 

efficient choke at medium wave 
frequencies, it acts as an anti -break- 
through arrangement when the long 
waveband is in use, all medium wave 
frequencies being rejected by L3 and 

Ptixolin coil 
support 

Metal 
bracken 

Ferrite rod 

bypassed to earth through C7. 
L3 consists of 600 turns of 38 

s.w.g. enamelled wire pile wound in 
one continuous winding on a 
similar sleeve to that used for L2. 
The length of the winding should 
be the same as that of L2. The 
two diodes D2 and D3 are not 
critical, and do not need to be 
matched. 

Tuning Assembly 
It is necessary to contrive an 

arrangement whereby the ferrite 
rod can be moved in and out of L2 
and L3 to vary the tuning. Con- 
structors may have their own ideas 
on the best and neatest way to do 
this. In the prototype an 8in length 
of rod is used and the two coils are 
mounted at opposite ends of it 
and at a distance apart such that 
when the rod is fully in one coil it is 
fully out of the other, whilst still 
being steadied by the last lin or so 
of the sleeve (on which there is no 
winding). (See Fig. 4 (a).) The rod 
is held between a rubber rimmed 
wheel and a pair of rollers. The 
rollers are mounted in such a way 
that a small amount of adjustment 

Rollers Paxolin panel fixed 
to base board with 
brackets 

Bolt passes through Rubber tyred 

oversize holes for wheel 

adjustment 

a 

Bolt passing through 
oversize hole in panel 

for adjustment 

Nuts 

Washers Paxolin panel 

Control spindle Base board 

Paxolin Hole drilled to 
take coil sleeve 

cemented into 
position 

Metal bracket 

Fig. 4 (a) The manner in which the ferrite rod enters L2 and L3 
(b). Detail showing a simple construction for the rollers 

(c). How the coil supports are assembled 
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is possible in the original setting up, 
so that smooth friction drive is 
obtained by turning the wheel. The 
drive should not be adjusted too 
tight or the rod may break. The 
rollers may be made up of washers, 
using larger ones at the outside, as 
shown in Fig. 4 (b). The bolts 
passing through the washers should 
pass through over -size holes in the 
panel to allow for adjustment. A 
Meccano wheel with a rubber tyre 
can be used for the drive. It is not 
possible to use a scale in conjunction 
with the wheel as there is always 
some slip' with friction drive. The 
easiest way to indicate position is to 
mark the centre of the rod with a 
band of bright paint and mount the 
unit so that the painted band can be 
seen through a slot in the panel. 
Details of the coil supports are 
given in Fig. 4 (c). 

The tuner will probably be found 
to pick up the local station without 
an aerial or earth, but some sort of 
aerial will generally be required in 
order to obtain good loudspeaker 
volume. An indoor aerial will be 
suitable in many places, especially if 
an earth is used, and the earth 
socket of a mains plug will be found 
very satisfactory. It will be found 
that aerial and earth connections 
can be reversed without any notice- 
able effect. However, if only an 
aerial is used, it must connect to 
the aerial terminal. An earth 
connection will be found more 
necessary on the long waveband. 

The coverage on the medium 
waveband will be found to be from 
about 150 to 550 metres with neither 
aerial, nor earth connected, and 
from about 190 metres to about 
570 metres with a long aerial in use 

and an earth connection. The 
long waveband will also be found to 
be fully covered in all circumstances 
and will reach nearly 3,000 metres 
with a long aerial and an earth 
connection. Selectivity may prove a 
problem in areas where there are 
two powerful medium wave stations 
near by. In such cases a short 
aerial should be used, and no earth. 

It is obvious that the amplifier and 
the tuner may be built as separate 
units or together, to form a simple 
and very economical local station 
receiver. In the prototype the 
two units are made separately, but 
are mounted together in a small 
cabinet with a loudspeaker. The 
three connections to the amplifier 
are made by terminals so that it is 
an easy mattèr to disconnect the 
tuner and use the amplifier, complete 
with loudspeaker, with any other 
apparatus. 

HE SKYROVER PORTABLE IS, SO FAR AS HOME 

constructors are concerned, a comparatively 
new departure in that the frequency coverage 

includes, in addition to the medium waveband, a 
short wave general coverage band and four separate 
short wave bandspread ranges. The medium wave 
coverage is 180 to 576 metres (520 to 1,670 kc/s), 
the short wave general coverage 31 \to 94 metres 
(3.2 to 9.8 Mc/s) whilst the four separate bandspread 
short wave ranges are 25 metre band (11.3 to 12.1 

Mc/s); 19 metre band (14.5 to 16.3 Mc/s); 16 metre 
band (17.5 to 18.3 Mc/s) and 13 metre band (20.8 
to 22.1 Mc/s). 

Operating from four 1.5V torch batteries (Ever 
Ready U2), the circuit includes seven transistors 
and two diodes. A separate oscillator stage is 
incorporated for good short wave stability and one 
of the diodes has been included especially for 
improved a.g.c. action, necessary over the frequen- 
cies involved if satisfactory reception is to be 
maintained. 

The Sky Rover 7 -Transistor 
Medium and Short Wave 
Portable Receiver 

An internal ferrite rod aerial coupled with a 
telescopic collapsible aerial gives excellent reception 
on all frequencies and the 5in ceramic magnet 
speaker provides good tonal quality. 

The transistor line-up is as follows: oscillator 
AF116; mixer AF115; i.f. stages (2) AF117; audio 
amplifier OC81 D and output stage (class B push-pull) 
OC81 (2). The two diodes are 0A90 detector and 
0A79 a.g.c. damping diode. 

The cabinet is constructed of high impact plastic, 
attractively styled, with matching trim and carrying 
handle. The size in loin wide, 6in high and 3iin 
deep, and the weight including batteries is 51b. 

From the illustration it will be noted that an 
easy -to -read slide rule scale and waveband indicator 
are a feature of the design, further controls being 
for volume (combined with the on/off switch) and 
tuning. 

The de -luxe version of the receiver has a technical 
specification similar to that described here but 
differs in that the cabinet is of wood covered with a 
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washable material, the cabinet itself being slightly 
wider. Additionally, a tone control and a car aerial 
input socket is provided. 

The intermediate frequency of both models is 
470 kc/s and the power output is 500mW. 

Circuit 
From this it will be seen that wavechange switch 

is shown in the medium wave position. The signal 
from the telescopic aerial is fed, via Si(d), to L5 

42(1 

6 

C51 

0.047«W 
yF 
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BLAC 

R17 

220n 

COLOUR CODE SPOT 
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WITH LOCATING LUG SHOWN 
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UNDERSIDE VIEW OF 

I TRANSFORMERS 
SHOWING PIN CON- 
NECTIONS 

6 4 

UNDERSIDE VIEW OF 

DRIVER TRANSFORMER 

SHOWING PIN CON- 
NECTIONS 

V 

(telescopic aerial coupling coil). L3 is the ferrite 
rod medium wave aerial coil and, from L4 (medium 
wave base coil), the output is applied, via Si(d) and 
C13, to the base of TR1 (mixer AF115). L3 is tuned 
by C6 (one half of a two -ganged variable capacitor) 
and the trimmer C5. 

The oscillator (TR7 AF116) is tuned by the 
variable capacitor C41 and L6 (medium wave 
oscillator tuned coil) together with the associated 
padder and trimmer capacitors C40, C42, C44, 
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Components List 

Resistors 
(All fixed resistors 10% * watt unless otherwise 
specified) 

R1 6.8k52 
R2 33k52 
R3 68052 
R4 8252 
R5 47052 
R6 56k52 
R7 68052 
R8 68052 
R9 2.2k52 
R10 22k12 
R11 4.7k52 
R12 68052 
R13 47052 
R14 5k52 Log. 
R15 8.2k52 
R16 22kí2 
R17 22012 
R18 47012 
R19 8212±5% 
R20 8.2k52 
R21 1.8kû2±5% 
R22 2.212+442 
R23 1.2k52 
R24 3.9k52 
R25 68012 
R26 10012 
R27 8212 
R28 5612 
R29 150kí2 

Capacitors 
C1 20pF±10% 
C2 3-40pF trimmer 
C3 39.5pF±2.5% 
C4 60pF±2.5 
C5 3-40pF trimmer 
C6 388.5pF variable capacitor 
C7 110pF, 125V wkg, ±10% 
C8 4-80pF trimmer 
C9 8-120pF trimmer 
C10 4-80pF trimmer 
Cii 4-80pF trimmer 
C12 0.1µF 
C13 3,000pF 
C14 700pF, 30V wkg. 
C15 0.01µF 
C16 80µF, electrolytic, 6.4V wkg. 
C17 80µF, electrolytic, 6.4V wkg. 
C18 0.01µF 
C19 700pF, 30V wkg., rt 5 

C20 8.2pF±ilpF 
C21 700pF, 30V wkg., -5", 
C22 0.01µF 
C23 0.02µF 
C24 700pF, 30V wkg., fi 5 

C25 80µF, electrolytic, 6.4V wkg. 
C26 0.01µF 
C27 0.01µF 

C28 
C29 
C30 
C31 
C32 
C33 
C34 
C35 
C36 
C37 
C38 
C39 
C40 
C41 
C42 
C43 
C44 
C45 
C46 
C47 
C48 
C49 
C50 
C51 

109.F, electrolytic, 16V wkg. 
80µF, electrolytic, 6.4V wkg. 
0.01 
0.01 µ F 
80µF, electrolytic, 6.4V wkg. 
470pF 
0.01µF 
30pF±10% 
3-30pF trimmer 
0.01 µF 
34pF, ±2.5% 
42pF, +2.5 
2,400pF, ±2.5% 
323.8pF variable capacitor 
3-30pF trimmer 
2,000pF 
475pF±1 
62pF 
3-30pF trimmer 
12pF 
3-30pF trimmer 
3-30pF trimmer 
3-30pF trimmer 
0.047µF, 400V wkg. 

Inductors 
L1 Bandspread aerial shunt 
L2 Short wave aerial 
L3 Broadcast aerial 
L4 Broadcast base 
L5 Telescopic aerial coupling 
L6,7,8 Broadcast oscillator 
L9,10 Short wave oscillator 
L11,12 IFT1 
L13 IFT2 (primary) 
L14,15 IFT2 (secondary) 
1416,17 IFT3 
T1 Driver transformer 
T2 Output transformer 

Transistors 
TRl AF115 
TR2 AF117 
TR3 AF117 
TR4 OC81D 
TR5 0081 
TR6 0081 
TR7 AF116 

Diodes 
D1 0A79 
D2 OA90 

Printed Circuit Board 
(Lasky's Radio Ltd.) 

Speaker 
5in circular 

Cabinet, Knobs, etc. 
(Lasky's Radio Ltd.) 
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Telescopic Aerial 
(Lasky's Radio Ltd.) 

Wavechange Switch Assembly 
Si(a), (b), (c), (d), and associated coils (Lasky's 

Radio Ltd.) 

Thermistor 
X1 (Lasky's Radio Ltd.) 

the feedback winding being L8. The output from 
the oscillator section is taken, via L7, SI(b) and C51 
to the emitter of TRI. 

On the short wave general coverage range, the 
inductances L1 (bandspread aerial shunt coil) and 
L9L10 (oscillator coil) are brought into circuit by 
operation of the wavechange switch. C2 is the 
aerial trim capacitor, aerial trimmers for the short 
wave bandspread ranges being C8 (Bandspread 1), 
C9 (Bandspread 2), C10 (Bandspread 3) and Cil 
(Bandspread 4). All of these capacitors are part of 
a 6 -way trimmer bank. 

The trimmer capacitors for the oscillator section 
are C46 (Bandspread 1), C48 (Bandspread 2), C49 
(Bandspread 3) and C50 (Bandspread 4). 

The output from the collector of TR1 is fed, via 
the windings LIILi2 of IFT1, to the base of the first 
i.f. amplifier transistor TR2. The diode D1 (0A79) 
operates, in the configuration shown, as an a.g.c. 
damper on high level signals. The resultant amplified 
i.f. signal is next passed to IFT2, L13 being the 
primary winding and L14L15 being secondary and 
tertiary windings respectively. L13 is top -coupled 
to L14 via capacitor C20. The output from IFT2 is 
next fed to the base of the second i.f. amplifier 
TR3, the output from the collector of this transistor 
being applied to the primary (L16) of IFT3. From 
the secondary winding of this transformer (L17), 
the i.f. signal is fed to the diode D2 (0A90), the 
volume control R14 functioning as the diode load. 
R13 is the diode decoupling resistor, the a.g.c. 
voltage being applied to the first i.f. stage via the 
resistor R20. 

The a.f. voltage tapped off by the slider of the 

volume control R14 is fed, via C28, to the base of 
TR4, this transistor operating as the audio driver 
stage. The output is taken from the collector and 
applied to the primary winding of the driver trans- 
former T1, the secondary winding of which connects 
to the bases of TR5 and TR6. The output from 
these transistors is fed to the output transformer T2 
and thence to the speaker. A degree of negative 
feedback to improve the overall audio response is 
applied to the volume control, R14i via the secondary 
winding of the output transformer. The full power 
output is 500mW, the output stage operating in 
Class B push-pull. 

In the circuit as shown, all switches are connected 
in the counter -clockwise "broadcast" (i.e. medium 
waves) viewed from the control knob end of the 
spindle. 

Circuit Checking 
The voltage readings shown in the rectangles were 

taken with a 20,0001) per volt meter, the arrows 
indicating the points across which the meter should 
be connected. D.C. resistance readings are shown 
against inductors where these are 1û or greater. 

Current readings should be as follows: quiescent 
20mA; for 50mW output 45mA; and for 500mW 
(maximum) output 120mA. No other current 
consumption measurements should be attempted, 
further checks with respect to current being calcu- 
lated from measured voltage drops across resistors. 

When a signal generator is used for circuit 
checking, the direct output, via a d.c. blocking 
capacitor, should be utilised. When checking the 
i.f. circuits a 0.1µF capacitor should be used, the 
signal being injected at the aerial section of the 
ganged variable capacitor or TR2TR3 base circuits. 
To check the audio stages, inject a signal across the 
volume control, the "live" lead being blocked by 
an 8µF capacitor and the output meter being dis- 
connected from earth. 

All components for the Sky Rover receiver are 
available from Lasky's Radio Ltd., at £10 19s. 6d. 
plus 5s. postage and packing (less batteries). The 
de -luxe version is available at £12 19s. 6d plus 5s. 
postage and packing (less batteries). 

Single Transistor Impedance Transformer 
BY P. CLOUGH 

AGREAT MANY CRYSTAL PICK-UP CARTRIDGES 
capable of very good quality are being sold at 
reasonable prices. These cartridges have to 

be matched to a high load impedance or a loss of 
quality results. Crystal microphones also have to 
be matched into a high impedance load for best 
results. 

Transistors are inherently low impedance devices, 
and most constructors will have experienced diffi- 
culty in achieving best results when matching crystal 

devices to transistor amplifiers. The circuit shown 
is for a single transistor "impedance transformer" 
with an input impedance of over 1M12. The circuit 
is based on an emitter follower with a gain of 0.9 
or greater. 

The input is to the base of the transistor via C1, 
and bias is applied, through R1, by R2 and R3. 
This point is connected to the output of the ampli- 
fier via a large value capacitor, C2. 

The frequency response of this "transformer" was 
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checked with several transistors and found to be 
flat to 20 kc/s. Careful checks failed to detect any 
distortion with an input of 2 volts when the amplifier 
was powered by a 9 volt battery, or 1 volt input 
with a collector voltage of 4.5 volts. Current con- 
sumption depends on battery voltage and the gain 
of the transistor, and it can range from 0.5mA for 
a "red spot" to 1.5mA for an 0C44 transistor. The 
circuit is very tolerant of transistors and a first grade 
component is not necessary. The cost compares 
very favourably with a high grade matching trans- 
former of conventional design, especially when the 
frequency response and absence of distortion are 
considered. No cheap or small matching trans- 
former bears comparison with this circuit. 

As already stated, the prototype was developed 
for use with a crystal pick-up, but a great many 
other uses have been found for its outstanding 
virtues. 

Editor's Note 
Let us assume, for convenience, that the emitter 

load is 6ks2 and that the oc' of the transistor is 50. 
Further, that the input impedance of the transistor 
is 300kí2 (oc' RL) resistive, and that we commence 
with C2 out of circuit. 

Then, if input potential rises by 1 volt, the current 

drawn from the input is 300mA. 

If we now connect C2, the left-hand side of R1 
rises by 0.9 volt. This causes a current to flow 

-3to9V 

Inputl 

alpF c2 output 

qµF 

R3 5 óttn 

through R1 and the transistor input impedance 

(100k0+3001(12) of 
O. 

400 
In consequence, the current now required from 

the input is 
1 _0.0mA_12 23 

300 400 00 
mA. Therefore, 

1 

input impedance with C2 connected is 1.3 k12= 
1200 

920kí2. 
It would appear that the circuit gives input 

impedances approaching or exceeding MO when 
the co' of the transistor is 50 or greater. 

RADIO TOPICS .. . 

by Recorder 
IME FLIES BY SO QUICKLY IN THIS 
bustling world of ours that it 
seems only yesterday when I 

was tapping out my contribution for 
last year's January issue. And, here 
we are, at the start of yet another 
year! 

January is always a seasonal time 
for predictions and, to start the ball 
rolling, I would like to offer two 
prophecies of my own as an example 
of what I think lies before us in the 
future. 

Transistors in the Future 
This having been said, I'm afraid 

that 1 will not assume the mantle of 
Old Moore with my first augury. 
This is so obvious, indeed, that it 
hardly falls into the category of 

prediction; although it is still worth 
discussion. My first prophecy is that 
it won't be long now before transis- 
tors almost completely take the place 
of valves in all low -power electronic 
equipment. 

The reasons for this statement are, 
of course, that transistors are more 
robust than valves, they take up less 
space, they consume less power and 
they dissipate less heat. 

Due to the general superiority of 
the transistor, the future scene in the 
sphere of domestic radio and tele- 
vision offers rather a fascinating 
picture. The vast majority of tran- 
sistor radios currently in production 
do not give as good a quality of 
reproduction as does a valve table 
radio. One reason for the lower 

fidelity is the fact that the average 
transistor radio offers a much smaller 
enclosure for the speaker than does 
a table radio. Secondly, the speaker 
itself is smaller. And thirdly, 
present-day transistor Class B out- 
put stages offer a higher distortion 
level per watt than do single -ended 
valve output stages. Two OC81s in 
a common emitter output stage give 
10% total distortion at 1 watt, 
whereas the pentode section of, say, 
an ECL86 goes up to some 4 watts 
before distortion reaches the 10% 
figure. Similarly, our old friend the 
6V6 offers only 8% distortion at an 
output of 5.5 watts. Also, we can 
connect our valves in push-pull, 
whereupon two ECL86 pentode 
sections give 4.5 % distortion at 10 
watts, and two 6V6s give 1% dis- 
tortion at 12 watts. Not hi-fi admit- 
tedly, but still better to listen to than 
a maximum of 1 watt at 10 % dis- 
tortion. 

I appreciate that these comparisons 
are by no means entirely fair, be- 
cause the transistor instance assumes 
a battery supply, whereas the valve 
instance assumes a mains supply. 
With the transistors, Class B opera- 
tion is very desirable because it 
reduces battery consumption as well 

JANUARY 1964 423 

www.americanradiohistory.com



as allowing greater audio output 
within the permissible dissipation 
figures for the transistors. Despite 
all this, I predict that future mains - 
operated radios will be completely 
transistorised with Class A output 
stages, and that such sets will be 
cheaper to produce than their valve 
equivalents, whilst giving a com- 
parable quality of output. 

So far as domestic television 
receivers are concerned, the transis- 
tor offers considerable advantages 
over the valve. As readers who have 
been following Gordon J. King's 
series on "Transistorised Television 
Circuits" will be aware, our manu- 
facturers are already in production 
with transistorised sets. Two of the 
main advantages offered with tran- 
sistorised television receivers are 
reduction in space and reduction in 
heat dissipation. In the old days of 
700 cathode ray tubes, c.r.t. bulbs 
and necks took up so much space 
that they had to be housed in cabinets 
which were pretty well the same size 
as the boxes in which the tubes were 
originally packed. There was so 
much spare space inside the cabinet 
that designers could spread out the 
accompanying chassis as much as 
they liked. Nowadays we have 110° 
tubes with short necks, with the 
result that the receiver circuitry has 
to be compressed into a very small 
volume and has to be dispersed 
around the tube on a number of 
small chassis and sub -assemblies. 
The smaller space occupied by tran- 
sistors eases the problems of such 
layouts very considerably. 

Turning to the question of heat 
dissipation, the average valve TV 
receiver has a power consumption 
of about 140 watts or so, very nearly 
all of which is dissipated in the form 
of heat. The effect is roughly the 
same as would be given by fitting an 
electric light bulb of the same rating 
inside the cabinet. In some cases, 
the temperature inside modern valve 
TV cabinets reaches astonishingly 
high levels, and any reader who is 
sufficiently interested may like to 
experiment by inserting a thermo- 
meter inside the cabinet of his own 
set, particularly near the top (and 
well clear of e.h.t. components and 
terminals!). 1 have myself encount- 
ered, during summer time when the 
ambient temperature is high, tem- 
peratures of the order of 85°C. 
(Indeed, the wife of a friend of mine 
airs the family clothes by the simple 
expedient of placing them on top of 
the television receiver.) Such high 
temperatures are not helpful so far 
as the useful life of insulating 
materials is concerned, and they 
raise a lot of problems in the preven- 
tion of oscillator drift in tuner units. 

Change from valves to transistors 
and this very high heat dissipation 
falls to much more manageable 
proportions. 

I would predict that, with domestic 
television receivers, the advent of the 
present transistorised portable will 
be followed by hybrid valve -and - 
transistor models. The latter will be 
intended for operation from the 
mains and will have transistors in all 
the signal, sync separator and, per- 
haps, sawtooth generator stages. 
Valves will then be retained for the 
line output stage and, possibly, the 
vertical output stage. The e.h.t. 
rectifier will probably remain a valve 
in both types of set because it is 
small, cheap and simple, and it does 
its job effectively. 

Fuel Cells 
A second prophecy for the future 

ranges much further ahead than does 
any prediction concerning tran- 
sistors. 

One of the more exciting develop- 
ments at present in hand is concerned 
with the fuel cell. A fuel cell is 
roughly the same as a battery except 
that it derives its energy from the 
consumption of a fuel. At the time 
being, primary and secondary cells 
provide batteries which are too bulky 
and expensive for applications where 
a high level of power is required, 
and this has limited their use to a 
considerable extent. As an instance, 
a small number of vehicles employ 
secondary batteries as a source of 
power, but these consist only of such 
things as milk floats and the like 
which operate over restricted dis- 
tances. Returning to general appli- 
cations, the primary battery has to 
be discarded when it is exhausted, 
and the secondary battery has to be 
recharged from another source of 
electricity. 

With the fuel cell electrical power 
is obtained by consumption of a fuel, 
whereupon a large number of appli- 
cations for use in industry, transport 
and the home can be visualised. 
Fuel cells are being developed for 
space vehicles and (as reported in 
New Scientist for 7th November) are 
also under investigation as a replace- 
ment for the diesel -battery system in 
submarines. The fuels currently 
employed by working or experimental 
cells include hydrogen and oxygen, 
sodium, and certain oils and air. 
These are early days yet, however, 
and there seems little reason to 
doubt that cells capable of working 
with more readily available fuels 
may not be developed; or, alterna- 
tively, that means will not be found 
of producing the fuels presently 
required at lower cost. 

It seems to me to be quite possible 
that the house of the future will not 
need to be connected to the elec- 
tricity mains at all. Instead, it will 
have its own fuel cell which can be 
provided with a supply of fuel 
sufficient for, say, some six months 
or so. Provided that the cost of fuel 
per kilowatt-hour is less than the 
cost of fuel needed to run a com- 
parable petrol -driven generator, the 
fuel cell should find its first domestic 
application at places which are 
remote from the mains electricity 
supply (in the same way as Calor gas 
cylinders are used at places which 
are remote from the mains gas 
supply). Eventually, fuel cells may 
well supersede the existing electricity 
supply itself, whereupon the pylons 
which spread across the country will 
become a relic of a past era. 

The output of a fuel cell is, like 
Washington, d.c., which means that 
it may not be suitable for some of 
our valve -operated domestic elec- 
tronic equipment. But by that time 
all the equipment will be transis- 
torised anyway! 

Remote Control 
One bumps into a few weird things 

now and again in the servicing game, 
and an experience which occurred 
during the apprenticeship of one of 
our readers, Mr. H. Leeming 
Blackburn, is quite outstanding in 
this respect. Here's the story as Mr. 
Leeming passed it on to us. 

"One day when caught without 
meter, neon indicator or test lamp, 
etc., I was confronted at a customer's 
house with a radio which had gone 
completely dead. After a preliminary 
examination had failed to produce 
any sign of life, suspicion fell upon 
the mains plug and its wiring. 
Examining the connections in this 
failed to reveal any fault and I won- 
dered if the mains point itself was 
live. 

"I asked the customer if he had 
anything which could be plugged 
into the mains to prove things one 
way or the other and he produced a 
vacuum cleaner. I duly plugged 

Unofficial mains 
take off points 

Lire 

2 

Neutral 

light 

Lamp 

power 
socket 

How NOT to wire up o power point! 
See "Remote Control" 
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this in and switched on at the switch 
on the handle. There was a slight 
hum from the vacuum motor and 
to my utter amazement the room 
light came on. I then found that 
with the vacuum cleaner plugged 
into the normal 3 -pin socket to which 
the radio had previously been fitted 
7 could switch the room lights on and 
off by the switch on the handle of the 
vacuum cleaner. The only sign of 
life from the vacuum cleaner was 
the slight hum from the motor. 

"Investigation uncovered the fact 

that the plug had been wired by a 
`do-it-yourself' friend of the cus- 
tomer, who had connected it to the 
two wires which go to the normal 
light switch. 

"The radio, not being very power- 
ful, could draw sufficient current 
through the resistance of the electric 
lamp to operate normally. It was 
in fact faulty on this occasion, with 
an open -circuit on -off switch. 

"The customer had apparently 
never tried to operate the radio with 
the room lights on. This would, of 

course, have been impossible. The 
radio was taken into the shop for 
replacement of the on -off switch and 
the customer was told to get an 
electrician to correct his faulty 
socket, which I presume he did." 
As She is Spoke 

Finally, let me quickly quote a 
suggested translation culled from the 
B.B.C. sound radio programme 
"Top of the Form". 

Double entendre is French for "a 
pair of headphones". 

Happy New Year! 

New 
Transistorised 
Oscillator 

A new portable, general-purpose transistorised oscillator has been introduced by Standard Telephones and Cables 

Limited. Known as the 74306-A, it covers the frequency range 10 kc/s to 20 Mc/s in eight bands. Operation is from 

dry cells housed in the oscillator case or from an external d.c. supply. 

The new oscillator, which uses printed circuit techniques in its construction, delivers output levels of 0 to -50dBm 

(continuously variable) into 7552 unbalanced circuits; by means of a built-in transformer and a U -link the output can 

be fed into 1400 and 60052 balanced circuits at frequencies up to 600 kc/s. 

Apart from its use as a general-purpose instrument, the 74306-A oscillator has applications in the testing and 

maintenance of multi -circuit open -wire or cable systems; including coaxial cable telephone systems; its frequency range 

includes the line, pilot and carrier frequencies of the latest 12 Mc/s coaxial cable systems. 

The 74306-A weighs 151b (6.8kg) approximately and measures 161 x 121 x Tin (413 x 318 x 178mm). 

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 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. 
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SUPERHET RADIO CHASSIS 
These well -made chassis were made 
for the Government for Forces 
entertainment with 
6K8, 6K7, 6Q7, 6V6. 

5 
hoke smoothing, 

low -motion tun- 
ing, printed 
scale, 200-550 
metres. 
BRAND NEW, 
ONLY 57/6 

Post 5/ - 
Cabinet with 8 in. 27/6 speaker to fit 

HOOVER 
ROTARY TRANSFORMERS 

12V input, 
500V output 
at 65mA or 
6V input, 
250V output 
at 75mA. 
PRICE Oil 

/ 11 P.P. 2/3 

CRYSTAL SET 
Complete set of components 9/11 

P.P I/9 
With earpiece 12/I I. With high 
resistance headphones 22/11. 
000.oo 

HIGH IMPEDANCE PERSONAL 

LISTENING EARPIECES 

Suitable for all types of crystal sets 
and transistor sets. 
Complete with plug 5/11 P.P. 6d. 

NA 
COMPONENTS 

SMOOTHING CHOKES. IOOmA, 10- 
20H, resistance 450 ohms. Sturdy metal 
case. 4/11 P.P. 2/6. SMOOTHING CONDENSERS. TCC 
metal enclosed block condenser, 4f" x 24" 
x In with terminals. 8µF, 350V working. 
Suitable for cross -over units. 3/11 P.P. 1/6. MAINS TRANSFORMER. Mains stan- 
dard primary 250. 0.250V 80mA. 6.3V 
at 4A, 5V at 2A. Both tapped at 4V. 

18/11 each P.P. 2(6 
FILAMENT TRANSFORMERS. 250- 
250V 50 c/s primaries. 6.3V at 2A. 

6/11 P.P. 1/3 
OPERATORS' UNITS. A host of valu- 
able components (block condenser, jack 
plug, socket, etc.). ONLY 1/11 each P.P 9d. PAXOLIN TAGSTRIPS (14 tags). 
Double way. 1/3 each P.P. 6d. PANEL MOUNTING FUSE HOLD- 
ERS. Beautifully made, plastic, sturdy 
construction. 2/11 each P.P. 6d. 
ELECTROLYTIC CONDENSERS. 
0.51)F. TCC. 500V working. 

/- each P.P. 3d. 
MORSE KEYS. Morse key assembly 
No. 8. Key with base, cover and terminals. 
Complete with lead, jack plug and con- 
nector. BRAND NEW. 6/11 P.P. 2/3 OCTAL MOULDED VALVE - 
HOLDERS, 6d., 3 for 1/3. 807 Valve - 
holders, 9d., 3 for 2/-. B7G valveholders, 
ceramic moulded with screening skirt, 9d., 
3 for 2/- P.P on each 3d. 
CONDENSERS. Variable condenser 
solid dielectric, .0005g.F. 3/3 P.P. 9d. 
TRIMMERS. 0.750pF max. 9d. P.P. 3d. 
PERSONAL CALLERS WELCOME 

Orders 
from 

Abroad 
welcome 

CONDENSERS. 50µF electrolytic re- 
versible 12V working. 1/3 P.P. 3d. 
IMF CONDENSERS. 130V working. 
Suitable as suppressors. I/11 P.P. 9d. 
470pF, 10% tolerance, 750V working. 

7d. P.P. 3d. 

PPO 
RF FIELD INDICATORS 

Designed for checking the radiation from 
a transmitting antenna. The sensitivity 
can be controlled by adjustment of panel 
control, the antenna length, or by increas- 
ing distance from the radiator. Frequency 
range I-250Mc/s. 200µA D.C. 

69/6 

LEAD ACID ACCUMULATORS 
(Uns pillable) 

2 volts 16 A.H. Brand new. Size 4" x 7" 
x 2". 4/11 each, 3 for 12/6. P.P. 3/-. 

OSCILLATOR TEST SET No. 10 
Enabling the equip- 
ment to be used 
from a telephone 
line, etc., 230V A.C. 
input having an n- 
ternal F.W. H.T. 
supply testing unit. 
37f11 EACH P.P 7/6 

AT OUR NEW BRANCH BELOW: 

Terms: Cash with 
orders. No C.O.D. 

under 61.10.0. 
SONA ELECTRONIC CO (DEPT RC2) 

BRIGGATE HOUSE, 13 ALBION PLACE, LEEDS. TEL: 34703 

TRANSISTOR SALE 
Mullard 0C44 3/11 P.P. 3d. 
Mullard 0C45 3/1 I P.P. 3d. 
Mullard OC71 2/1I P.P. 3d. 
Mullard OA81 1/11 P.P. 3d. 
Ediswan X020 

Gèrmanium 
diodes I/II P.P. 3d. 

Transistor Hold- 
er, 3 Pin I ld. each P.P. 3d. 

MICRO ALLOY 
TRANSISTORS 

Mat 100 7/9 
Mat 101 8/6 
Mat 120 7/9 
Mat 121 8/6 

Above MATs Postage Paid 
Ferrite Slab Aerials, suitable 
for Transistor Sets 3/- P.P Ed. 

RADIO HEADPHONES 
Balance armature type 

P.P. 2/6 15/11 

DOUBLE THROAT 
MICROPHONE 

Can be adapted for 
use with musical 
instruments. 

P.P. 6d. 4/11 

19 SET POWER PACK 
KIT. Only 39/6 P.P. 5/-. 
19 SET CONTROL BOX. 
Single type 2/11 each P.P. 1/6 
Double type 3/II P.P. 1/9 

SMALL ADVERTISEMENTS 
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London, W.9 
Please insert the following advertisement in the issue of THE RADIO CONSTRUCTOR 

16 words at 9d. 

= 12/ - 

ALL WORDING 

IN 

BLOCK LETTERS 

PLEASE 

I enclose remittance of be ng payment at 9d. a word. MINIMUM 12/-. 
Box Number, if required, 2/- extra. 

NAME 
ADDRESS 

Copy to be received four weeks prior to publication. Published on the 1st of every month 
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SMALL ADVERTISEMENTS 
Rate: 9d. per word. Minimum charge 12/-. 

Box No. 2J- 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, 

METALWORK. All types cabinets, chassis, racks, etc., 
to your specifications.-Philpott's Metalworks Ltd., 
Chapman Street, Loughborough. 

THE INCORPORATED PRACTITIONERS IN 
RADIO AND ELECTRONICS (I.P.R.E.) LTD. 
Membership conditions booklet 1s. 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 Is. 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 Is. S.A.E. Mail order 
only.-Sun Electrical Services, 38 St. George's Road, 
Hastings. 

FOR SALE. Government surplus radio and electronic 
gear. R220 receivers, power units, inp. units, meters, 
relays, etc. Send for free lists.-Slater, 34 Lifford 
Street, Sheffield 9, Yorkshire. 

continued on page 429 
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Learn -as -you -build 
the ICS way-it's easier 

YOU BUILD YOUR OWN SETS 
You build your own 5 -valve radio receiver, portable 
transistor (or a.f. amplifier), signal generator and 
your own high -quality multi -meter. All under 
expert tuition! In this way you master the practical 
side of radio, quickly and easily-in your own 
home, in your own time. The course booklets 
are packed with helpful, easy -to -follow illustrations. 
YOU MASTER THE THEORY OF RADIO 
With your own home laboratory you carry out 
experiments and learn the theory of radio and 
electronics. This practical ICS course is the surest 
way to become a radio expert. All lessons are 
set out in simple easy -to -understand terms. 

YOU GET THESE FREE KITS 

With the ICS Complete Radio Construction 
Diploma Course you get six kits-including 
instruments, tools, testing units and all the parts for 
your own equipment. And your ICS instruction manuals 
become a personal "library", yours for constant reference. 

FREE! ICS brochure on radio courses. For your copy post 
this coupon today, to: 

ICS (Dept. 245), Intertext House, Parkgate Road, London, S.W.II 

NAME ..... 

ADDRESS... 

Age 

Member of the Association of British Correspondence Colleges 
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MULTIMINORM,Fj 
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: 0-2Mí2 in 2 ranges, using 1.5V cell 
SENSITIVITY: 10,0002/V on d.c. voltage ranges 

1,0001/V on a.c. voltage ranges 

.M.S0 L TD 
AVOCET HOUSE 92.96 VAUXHALL BRIDGE ROAD 

Telephone: VICtoria 3404 (12 lines) 

to send you a full 
specification of this 
great little instru- 
ment. It measures 
only 7;" x 4" x 1}" 
4nd weighs only 24 oz. 

LONDON SWI 

_.4 
_ :[soar 

MM 19 
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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 
082 6/- 
OZ4GT 4/3 
IA7GT 8/-7H7 
IC5 6/3 
IG6 6/- 
H5GT 8/- 
L4 2/3 
LD5 413 
LN5 4/6 
NSGT 8/6 
R5 4/- 
S4 5/- 
S5 3/6 
T4 2/3 
U4 5/9 
1_15 5/3 

2D2I 5/6 
2X2 3/- 
3A4 3/9 
3A5 6/9 
387 5/- 
306 4/- 
3Q4 5/3 
3Q5 7)- 
354 4/9 
3V4 5/6 
5R4GY 9/- 
5T4 7/- 
5U4G 4/3 
5V4G 7/6 
5Y3GT 4/3 
5Z3 8/- 
5Z4G 7/- 
6A8G 6/- 
6AG5 2/9 
6AK5 5/- 
6AQ5 5/9 
6AT6 3/9 
6AU6 5/3 
6AV6 5/6 
6B8G 2/6 
68A6 4/6 
68E6 4/9 

7B7 7/6 
7C5 10/- 
7C6 7)- 

5/9 
7R7 12/6 
7Y4 5/- 
9BW6 9/6 
10C1 9/3 
I0C2 I2/6 
1002 10/6 
IOFI I0/- 
I OLD I 1 9/- 
IOP13 8/3 
10P14 11/6 
12A6 2/3 
12AC6 8/6 
I2AD6 9/6 
I2AE6 8/- 
I2AH8 9/- 
I2AT6 4/6 
I2AU6 5/9 
12AV6 6/6 
12BA6 5/9 
12BE6 4/9 
12BH7 6/9 
I2J7GT 7/3 
I2K5 10/- 
I2K7GT 3/6 
I2K8GT 9/- 
12Q7GT 3/6 
12SA7 6/9 
12SC7 4/- 
12SK7 3/- 
12SQ7 8/- 
I9AQ5 7/6 
19H I 6/- 
2001 10/- 
20F2 11/6 
20L1 12/6 
2061 12/6 
2063 12/- 
20P4 13/9 
2065 13/6 
25A6G 7/6 

CL33 11/6 
CY3 I 5/9 
DAF96 5/9 
DF66 15/- 
DF96 5/9 
DF97 10/- 
DH76 3/6 
DK40 18/8 
DK92 6/9 
DK96 6/3 
DL68 15/- 
DL96 5/9 
DLSIO 10/6 
DM70 5/- 
DY86 7/- 
E8OF 241- 
E83F 24/- 
E88CC IO/- 
EI80F 19/6 
EABC80 5/6 
EAC91 3/3 
EAF42 7/6 
EB41 4/9 
EB91 2/3 
EBC4I 6/6 
EBCEI 6/- 
EBF80 5/6 
EBF83 7/3 
EBF89 6/3 
EBL2I 8/6 
EC70 4/9 
EC8I 27/6 
EC92 6/6 
ECC32 4/- 
ECC34 21/7 
ECC35 5/9 
ECC40 7/6 
ECC81 3/6 
ECC82 4/6 
ECC83 4/6 
ECC84 5/9 
ECC85 6/3 
ECC88 10/- 
ECC 18910/6 

EL91 2/6 
EL95 5/6 
EL360 27/- 
EL820 16/4 
ELL80 20/5 
EM4 17/9 
EM34 8/9 
EM7l 13/6 
EM80 6/3 
EM8I 7/- 
EM84 6/9 
EM85 8/- 
EM87 15/2 
EN3I 45/- 
EY5I 6/- 
EYBI 7/3 
EY83 9/3 
EY84 10/6 
EY86 5/9 
EZ40 5/3 
EZ41 6/- 
EZ80 4/- 
EZ8I 4/- 
GZ32 7/6 
GZ33 17/6 
GZ34 10/- 
GZ37 14/6 
HL2 7/6 
HL4I DD 8/6 
HL42DD 8/6 
HN309 25/- 
HVR2 8/9 
HVR2A 8/9 
KT33C 4/- 
KT36 29/I 
KT4I 7/6 
KT44 5/- 
KT6I 6/9 
KT66 13/6 
KT88 28/- 
LP2 9/6 
MHL4 7/6 
MKT4 17/6 
MU 14 5/- 

PZ30 15/- 
R18 10/6 
RI9 7/- 
T41 9/- 
TDD4 8/6 
TH4I 13/- 
TH233 15/6 
TP2620 17/6 
TY86F 11/8 
012/14 7/6 
U16 8/9 
U18/20 6/6 
U19 48/6 
U22 6/- 
U24 I5/- 
U25 8/9 
U26 7/9 
031 7/- 
U33 26/2 
U35 16/6 
U37 23/3 
U45 15/6 
U76 4/9 
U107 17/6 
U191 10/- 
U282 13/- 
U301 12/- 
U329 9/6 
U403 10/- 
0404 6/- 
U801 17/3 
04020 6/6 
UABC80 5/6 
UAF42 7/6 
UBC4I 6/3 
UBC8I 6/3 
UBF80 6/3 
UBF89 6/9 
UC92 6/9 
UCC84 9/- 
UCC85 6/6 
UCF80 8/9 
UCH2I 8/6 
UCH42 7/- 

MIDGET 
SILICON 
RECTIFIERS 
Mullard 
BY100 

Output 
volt 
amp. 
ger 
shirt 
7/6 

TRANSI 
TORS 
DIODES 
AAI29 
AC107 
ACI27 
AD140 
AF 
AF 
AF 
AF 
AF 
AF 
AF 
BYZI 
MATIO0 
MATIOI 
MATI20 
MATI21 
OAS 
OA10 
OA70 
0A73 
0A79 
OA81 
0A85 
0A86 
0A90 
0A91 
0A95 
0A210 

t 
250 i 

No lar- 
than 
button! 
each 

I 

S - 

4/9 
14/6 
9/6 

25/- 
02 27/6 
14 11/- 
15 10/6 
16 10/- 
17 5/6 
18 20/- 
27 9/6 

3 11/6 
7/9 
8/6 
7/9 
8/6 
6/- 
8/- 
3(- 
3/- 
3/- 
3/- 
3/- 
4/- 
3/- 
3/- 
3/6 
9/6 

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. 

6BH6 5/3 
6816 5/6 
6BQ7A 7/6 
6BR7 8/6 
6BR8 9/3 
6BW6 6/9 
6BW7 5/- 
6C5 4/- 
6C9 10/9 
6CD6G 18/- 
6CH6 5/- 
603 9/6 
606 3/- 
6E5 9/6 
6F1 9/6 
6F6G 4/- 
6F13 4/9 
6F23 9/- 
6F24 9/6 
6F33 3/6 
615G 3/- 
616 3/- 
617G 4/6 
6K7G 1/3 
6K8G 3/3 
6K25 12/- 
6L1 IO/- 
6L6G 6/6 
6L7GT 4/6 
6L18 10/- 
6LD20 5/6 
6N7GT 5/- 
6628 11/6 
6Q7G 4/6 
6R7G 5/9 
6SL7 5/- 
6SN7 4/- 
6U4GT 8/6 
6Ú5G 5/- 
6V6G 3/9 
6V6GT 5/6 
6X4 3/9 
6X5 4/6 
6/30L2 8/- 
786 12/6 

25L6GT 6/- 
25Z4G 6/6 
25Z5 7/3 
27SÚ 23/3 
28D7 6/9 
30C15 9/- 
30E5 5/9 
30FLI 9/3 
30FLI2 11/- 
30L15 8/9 
3064 12/3 
30P12 7/6 
30P19 12/3 
30PLI 9/- 
30PLI3 9/6 
30PLI4 12/6 
35A5 20/9 
35L6GT 6/9 
35W4 4/9 
35Z3 16/4 
35Z4GT 4/9 
35Z5GT 5/9 
5005 6/6 
50L6GT 6/3 
52KU 14/6 
72 6/6 
80 5/3 
83 15/- 
85A2 8/6 
90AG 67/6 
90AV 67/6 
90CG 42/- 
90CV 42/- 
90C1 16/- 
15082 16/6 
I858T 34/11 
5763 7/6 
AC6PEN 4/9 
AC/TP I8/- 
AZI 5/9 
AZ3I 6/6 
AZ4I 6/6 
B36 4/9 
BL63 10/ 
CCH35 13/- 

ECC804 16/4 
ECF80 6/3 
ECF82 6/6 
ECF86 11/6 
ECH2I 10/- 
ECH35 6/3 
ECH42 7/9 
ECH8I 5/9 
ECH83 6/6 
ECH84 9/6 
ECL80 6/- 
ECL82 7/- 
ECL83 9/9 
ECL86 8/9 
EF22 6/9 
EF36 3/3 
EF37A 5/6 
EF39 3/9 
EF40 8/3 
EF41 6/9 
EF42 5/3 
EF73 51- 
EF80 4/- 
EF83 9/9 
EF85 4/9 
EF86 6/- 
EF89 4/3 
EF9I 3/- 
EF92 2/6 
EF97 11/8 
EF98 10/- 
EF183 7/9 
EF184 7/9 
EK32 6/- 
EL32 3/6 
EL33 6/9 
EL34 8/6 
EL38 12/- 
EL4I 7/3 
EL42 7/6 
EL8I 8/3 
EL83 6/9 
EL84 4/9 
EL85 7/- 
EL86 7/6 

N37 23/3 
N78 26/- 
N339 15/- 
PABC80 6/9 
PC86 10/6 
PC88 14/7 
PC95 11/8 
PC97 8/3 
PCC84 5/6 
PCC85 6/9 
PCC88 10/6 
PCC89 7/6 
PCC18910/6 
PCF80 5/6 
PCF82 6/3 
PCF84 8/6 
PCF86 7/9 
PCL82 6/6 
PCL83 8/- 
PCL84 7/- 
PCL85 8/3 
PCL86 8/9 
PCL88 12/6 
PEN46 4/3 
PEN383 11/6 
PL33 9/- 
PL36 8/6 
PL38 16/6 
PL8I 6/9 
PL82 5/3 
PL83 5/3 
PL84 6/- 
PM84 9/6 
PX4 9/- 
PX25 8/6 
PY31 6/6 
PY32 8/9 
PY33 9/9 
PY80 5/3 
PY81 5/3 
PY82 4/9 
PY83 5/9 
PY88 8/- 
PY800 7/- 
PY801 7/6 

UCH8I 6/6 
UCL82 7/9 
UCL83 8/9 
UF41 6/9 
ÚF42 5/- 
UF80 6/6 
UF85 7/- 
UF86 8/6 
UF89 6/- 
UL41 6/9 
UL44 23/3 
UL46 9/- 
UL84 6/- 
UM4 15/2 
UM34 16/10 
UM80 8/6 
URIC 6/6 
UU6 9/- 
UU8 11/6 
UU9 5/6 
UYI N 10/9 
UY21 8/9 
UY4I 4/6 
UY85 4/3 
VP4 14/6 
VP4B 20/5 
VP13C 7/- 
VP23 2/6 
VPI33 9/9 
VR105 5/6 
VRI50 5/- 
W76 3/6 
W8I M 5/9 
X41 15/- 
X61 6/3 
X65 5/6 
X76M 9/- 
X78 26/- 
X79 20/6 
XD(I .5) 6/6 
XFY23 6/6 
XFY54 18/- 
XH(1.5) 6/6 
Y63 5/- 
Z66 8/- 

0A211 13/6 
OCI6W35/- 
OC19 25/- 
OC22 23/- 
0C23 57/- 
0C25 12/- 
0C26 25/- 
0C28 12/6 
0C29 27/6 
OC35 I8/- 
0C36 21/6 
OC41 8/- 
0C42 9/6 
0C43 12/6 
0044 8/3 
OC44PM 9/3 
0C45 9/- 
OC45PM 9/- 
0065 22/6 
0066 25/- 
0070 6/6 
OC7I 3/6 
0072 8/- 
0073 I6/- 
0074 8/- 
0075 ß/- 
0076 8/6 
0077 12/- 
OC78 8/- 
OC81 4/- 
00810 4/- 
0082 10/- 
0083 6/- 
0084 3/6 
0C139 19/- 
0C140 18/6 
OC170 0/6 
0C171 10/6 
0C200 16/- 
0C201 29/- 
0C203 14/- 
OCP71 17/6 
TS2 12/6 
TS3 15/- 
XAIO3 15/- 

All 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 E3 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. Sacs. 8.30 a.m.-I p.m. 
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SMALL ADVERTISEMENTS 

continued from page 427 

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. 

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. 

FOR SALE. G.P.O. Relays. Multi -contact, with 
bi -metal thermostat. 2,000+2,000 ohm, 15s. 9d. 
1,000 item list 3d.-Rogers, 31 Nelson Street, South- 
port, Lancs. 

FOR SALE. Wireless World, singly or bulk. Vol. LII, 
1946, Nos. 6, 10 and 11. Vol. LVI, 1950, all except 
No. 6. Vol. LVII, 1951, all except Nos. 9, 11 and 12. 
Vol. LVIII, 1952, all except Nos. 4, 5, 6 and 12. Vol. 
59, 1963, No. 12. Offers?-Box No. F186. 

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. F187. 

FOR SALE. Brand new computer panels with 8 0076 
transistors, numerous diodes, resistors and capacitors, 
fitted on 12 x 5in Paxolin board, 20s.-Clappison, 
190 Victoria Avenue, Hull. 

FOR SALE. Meters: 0-500mA, flush, round, 2iin 
diam. Ditto 0-100mA, 10s. each. Valves: 6B8, 6SK7, 
at 3s. 6AG5, 6AT6, 6J6, 1625, at 5s. 6AK6, 6BW6, 
DAF91, DK91, DL92, EB91, EF92, EL41, EL91, 
12AT7, at 6s. EF40, 6AS7, 6BR7, KT66, at 10s. 
QVO4/7, 5B/254M at 15s.-Box No. F189. 

FOR SALE. Mohican transistor communications 
receiver with batteries, manual. Mint condition, 
factory aligned and tested. £32 for quick sale. 
-Box No. F193. 

URGENTLY REQUIRED in good condition: Creed 
morse keyboard perforator with tapes, and Wheatstone 
morse transmitter.-Miller, c/o R/O Rothesay Castle, 
U/C Line, 4 St. Mary Axe, London, E.C.3. 

continued on page 431 
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«Flipor/ 
wig 

Learn -as -you -build 
the ICS way-it's easier 

YOU BUILD YOUR OWN SETS 

You build your own portable transistor (or a.f. 
amplifier), 5 -valve radio receiver, signal generator 
and your own high -quality multi -meter. All under 
expert tuition! In this way you master the practical 
side of radio, quickly and easily -in your own 
home, in your own time. The course booklets 
are packed with helpful, easy -to -follow illustrations. 

YOU MASTER THE THEORY OF RADIO 

With your own home laboratory you carry out 
experiments and learn the theory of radio and 
electronics. This,practical ICS course is the surest 
way to become a radio expert. All lessons are 
set out in simple easy -to -understand terms. 

YOU GET THESE FREE KITS 
With the ICS Complete Radio Construction Dip- 
loma Course you get six kits-including instruments, 
tools, testing units and all the parts for your own 
equipment. And your ICS instruction manuals 
become a personal "library", yours for constant 
reference. 

FREE! ICS brochure on radio courses. For your copy post I 

this coupon today, to: I 

ICS (Dept. 246) Intertext House, Parkgate Road, London, S.W.11 

i 

NAME........... _.__ ____ _. _.__....... _,__.. 

ADDRESS. 

AGE . 1.64 

.11111.1111r1ILIKelligMülkälkile112 
Member of the Association of British Correspondence Colleges. 
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SCOTTISH INSURANCE CORPORATION, LTD 
38 EASTCHEAP LONDON EC3 

Established 1877 

THE SHEDDING OF A LOAD 

An ACCIDENT can cause serious financial embarrassment. Could you meet your commitments on 
the National Insurance Benefit? 

A "SCOTTISH" Policy will carry the load for you if you are disabled by ANY ACCIDENT and will pay 
compensation for as long as two years for any one accident. 

For a BENEFIT of £10 PER WEEK the premium varies between £210s. Od. and £4 10s. Od. per annum 
according to occupation, and the premium can be paid half -yearly or quarterly if desired. 

If you will complete and return this form to the Corporations office at the above address, a quotation 
will be sent with a proposal for completion, or write for details quoting reference /1B. 

NAME (Block Letters) 

OCCUPATION 

ADDRESS (Block Letters) 

/J B 

SPEAKERS BY GOODMAN'S, 
ELAC, PLESSEY, etc. 
4" quere I2/- P & P 1/6 
5" round I2/- 1/6 
7" x 4" elliptical 13/6 1/6 
8" x 5" elliptical 16/6 2/- 
10" x 6" elliptical 23/6 2/6 

18G STEEL CASES 

Finished in superior quality hammer 
grey with aluminium removable 
panel on face. 

Sloping Front: 
4" x 4" x 4" 10/6 
8" x 5" x 5" 16/- 

12" x 6" x 6" 25/6 

Rectangular Small 
4"x4"x24" 
6"x4" x 3" 
8"x6^ x 3" 

Rectangular Standard 
0" x 7" x 7" 
2" x 7" x 7" 
4" x 7" x 7" 
4" x 8" x 9" 
6" x 8" x 9" 
6"x 8"x II" 
9 x 8" x I I" 
9"x10"xII" 

8/6 
10/- 
12/6 

27/6 
34/- 
3716 
47/6 
52/6 
57/6 
64/- 
66/- 

Postage and Packing extra 

OUR FAMOUS READIPACKSI 

No. 1 100 resistors 4w. to 5w. 
10 ohm to 50 meg. 

No. 225 condensers IpF to I,000pF 
5% to 20% 

No. 3 20 condensers I,000pF to 
0.01 mfd 

No. 412 condensers 0.01 mfd. to 
0.1 mfd 

No. 525 Hi -Stab resistors 1, 2 & 5% 
100-25 meg. 

No.6 10 w/w Resistors 6 ohm - 
62K ohm 

No. 74 Carbon controls volume, 
tone, etc. 

All at 8/6 each POST FREE! 

SWITCHES for MULLARD cir- 
cuits to specification and 
"Mullard approved". 
TR2 2V Pre -Amp ... ... 12/9 
TR3 3V Pre -Amp .. 12/9 
TR4 3V Pre -Amp Lo/Pass Fltr 10/9 
TR5 3V Pre -Amp Hi -Pass Fltr 8/4 
TR6 3V Tape Amp Rec/Play... 16/6 
TR7 3V Tape Amp Eqz 7/4 
TR8 Tape Pre -Amp Rec/Play 16/6 
TR9 Tape Pre -Amp Eq. ... 7/4 
TRIO Stereo Pre -Amp Selector 18/6 
TRI I Stereo Pre -Amp Ch/E ... 9/6 
TRI2 Stereo Pre -Amp Stereo - 

P & P I/- per switch 

TELE -RADIO (1943) LTD 
189 EDGWARE ROAD, LONDON, W2 

pADdington 4455 
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PRICE LISTS & INFORMATION ON 

Various Designs in 

Practical Radio Wireless R.S,G.B. 

Wireless Constructor World Bulletin 

SEND 6d. POSTAGE FOR 

CIRCUITS 

OSMOR LTD Te OROYDOhone CO 5148 
2NscREo 
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SMALL ADVERTISEMENTS 

continued from page 429 

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 
lOs. 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. 

An Exciting New Pruject! 

Bun o 
a complete 

TRANSISTOR/SED 

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 E6.0.0. 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! 
THE RADIO CONSTRUCTOR TV Camera 
is based on the BEULAH design and these are 
the officially recommended components. 
Also available factory assembled and tested, with vidicon, less lens, 69 gns.; 
or with lens and vidicon, 79 gns. Free literature from: 

BEULAH ELECTRONICS DEPT. R.C., 126 HAMILTON ROAD, 
WEST NORWOOD, LONDON, S.E.27. Telephone GIP 6166(PBX) 

JANUARY 1964 

EXCEL 
(#17 

Through this ICS 

3 -way Training Method 

\l \STER THE THEORETICAL SIDE 

From easy -to -understand courses! Designed to 
teach you the theory of radio and television 
engineering quickly and easily. 

MASTER THE PRACTICAL SIDE 

With the help of easy -to -follow illustrations! 
Designed to show you how to develop your 
practical abilities in radio and television engineer- 
ing alongside your theoretical studies. 

MASTER THE MATHEMATICAL SIDE 

Through a new easy way to learn maths! 
Designed to teach the subject that's so often a 

headache, but so essential to anyone in radio and 
television engineering. 

THERE IS AN ICS COURSE FOR YOU ! 

For your career or your own business, courses are available 
in: Radio and Television Engineering, Industrial Television, 
Radio and Television Servicing. VHF Engineering, 
Electronics, Computer Technology and Programming, 
Electronic Technicians, Serve mechanisms, Telemetry, 
Instrumentation, Principles of Automation and Calculus 
for Electronics. 
And for your hobby, there are practical "learn as you 
build" radio courses as well. 

POST THIS COUPON TODAY FOR FREE BROCHURE TO: 

I.C.S. Dept. 247, ónertext House, Parkgate Rd., London, SW.11 

NAME 

ADDRESS.. 

AGE. ..... 

OCCUPATION 1.64 

INTERNATIONAL CORRESPONDENCE SCHOOLS 

Member of the Association of British Correspondence Colleges. 
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ALUMINIUM, SILVER HAMMERED FINISH 

CHASSIS 
and 

CASES by 

287/9 Edgware Road 
London W2 

TELEPHONE 

PADdington 5891/7595 

CASES 
Type W 

Type Size Price Type Size Price 
U 4x4x4" 9/6 Y 8x6x6" 25/- 
U 5+x44x4}" 14/6 Y 12x7 x7" 39/- 
U 8x6x6" 20/- Y 13x7x9" 44/- 
U 15x9 x9" 42/6 Y 15 x9 x7" 461- 
W 8x6x6" 19/6 Z 17 x10 x9" 63/- 
W 12 x 7 x 7" 32/6 Z 19 x 10 x8*" 67/6 
W 15x9x8" 421- r Height 

Type Z has removable back and front panels. 
Type Y all -screwed construction. 

-Type Y 

Type Z 

/Type U 

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 (i" or i"), 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS 
Any size up to 3ft at 4/6 sq. ft. 18 s.w.g. (16 s.w.g. 513). 
Plus postage and packing (orders over f2 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 

M.D.C. (Sonics) ' 

ELECTRONIC ORGAN KIT 
For home entertainment, musical group. 

Transistor, sistor, battery operated, self-contained 
loudspeaker, two octave. No musical know- 
ledge needed to play. Can be connected to 
power amplifier if required for a band, etc. 
Complete Kit of Parts 79/6 Plus 2/6 

and instructions 7 0. & P. 
Size 12 in. long x 6 in. deep x 3 in. high. 

S.A.E. for price of Tremolo parts. 
43 Rushall Manor Road Walsall Staffs 

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 

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 

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 
82 DARTFORD ROAD 
DARTFORD KENT 
Telephone Dartford 24057 J. T. FILMER 

[KING TELEBOOSTER 
LOWEST NOISE dual band amplifier currently available. 
SPECIFICALLY DESIGNED for simultaneous boosting on any two channels in Bands I and Ill. (FM -Booster also available). 
HIGH RELIABILITY transistorised printed circuit insert. 
SELF CONTAINED in plastic case 3*" 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 and 14dB Band Ill Noise Figure:Typically 4dB Band III 
Channels: Any one in Band I plus any one in Band III Power Requirements: 9V at ImA (internal PP3 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 

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 £1. Postage 2s. 9d. 

Volume 13, August 1959 to July 1960 £1. 5. 0. postage 2s. 3d. 
Volume 14, August 1960 to July 1961 £1. 5. 0. postage 2s. 3d. 
We regret Volume 15 is now sold out 

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 

432 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



49JNNfJN,N41..41NNV 41,IWaANNII 4e4e./.Nr.NNMN.M.,I.I,../..APNN,11.I4,NN40` 
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 crans - 
Mono Crystal or Mag- sistorised, 39/6. 
netic, 10/6 Stereo Mag- * High output tele- netic, 27/6. phone amplifier, £5.10.0. * New fully retractable * 4 -transistor 1 watt 
car radio aerial, tamper 312 9 volt amplifier kit, proof (usually 55/-) 35/-, 52/6. Built 59/6. 
p.p. 1/6. * 5 -transistor 350mW * Transistor insulation 9 volt 1512 amplifier, 57/6 tester, £17.10.0. * Recording tape. Best * Large range of TSL 

prek American and Canadianstock. Also 
units ts 

and 
in 

quality. 5" 600', 12/6; MJFM units. 5" 900',15/-; 0' 1,25/-; .* Panel meters. 50mA, 18/6. 7" 1,800', 25/ 
39/6; 50µA 3216; 1mA, 2,400' 7", 2716. 
5mA, 300 volt, 27/6 *10 watt horn tweeter, 

6, 1/6.each. New miniature 
29/ p.p. types, clear plastic or * Portable oscilloscope, black moulded fronts - 
£1 6.10.0. Brand new and boxed. * Transistor portable * 5 hole chassis punch 
baby alarm, £5.10.0. kit, 49/6, p.p. 1/6. 

NEW 8 PAGE TRANSISTOR, RECTIFIER 
VALVE AND CRYSTAL CATALOGUE 

II- POST FREE * PRICE REDUCTIONS - NEW TYPES 
ALL BRAND NEW STOCKS 

TAPE RECORDERS * COLLARO STUDIO 2 - 
TRACK DECK, £10.19.6. 
P. & P. 5/-. * 4 -TRACK DECK, £13.19.6 
P. & P. 5/-. * CABINET with SPEAKER 
for above, 5 gns. P. & P. 

2/- 
1 * RECORD/PLAY 

FIER KITS, 2 track, 11 gns. 
4 track, 12 gns. 

Leaflets on Request. 

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, 1kû/vole £2. 5.0 * M1, 2kû/volt .. E2. 9.6 * THL33, 2kû/volt (illus.) ... £3.15.0 * EP1OK, 10k1-2/volt... ... £4. 9.6 * ITI-2, 20k12/volt ... ... £5. 5.0 * TPSS, 20kû/volt ... ... £5.19.6 * EP3OK, 30k12/volt ... ... £6.19.6 * 500, 30k2/volt ... ... £8.19.6 

EP5OK, 50kû/volt _. ... £9.19.6 

Crystal Contact Microphone, 12/6. P.P.9d. 
2K, 4 -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/-. 

Built and Kit of 
Tested Parts 

59/6 OR 52/6 
P.P. 1/6 P.P. 1/6 

RUN YO UR 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. 
14 watt peak 
output. 
± 3dB 70 c/s 
to 12 kc/s. 
Output to 3 

ohm speaker 
9 volt oper- 
ated. 

Details on 
request. 

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 4 speed, 
£5.19.6. * GARRARD SRP10 or 
BSR GU7-4-Speed Single 
Player, £5.5.0. 

All complete with cartridge 

BATTERY DECKS 
* STAR 45 r.p.m., 39/6. 

P. & P. 2/6. 

* 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. 

CRYSTAL MICROPHONES 
(See Catalogue for details) 

Acos 60 Stick Microphone 
Acos 39-1 Stick Microphone 
Acos 40 Desk Microphone 
Acos 45 Hand Microphone 
Lapel/Hand Microphone ... 
MC24 Stick Microphone ... 
100C Stick with Stand 
BM3 Stick with Stand ... ... 
Lapel/Hand Magnetic ... ... 
Post and Packing 1/6 any type. 

27/6 
32/6 
15/- 
25/- 
12/6 
25/- 
39/6 
52/6 
12/6 

SNOMBREX ALL TRAN- 
ISTOR SIGNAL GENERA- 

TOR. 150 kc/s to 350 Mc/s. AF, 
RF Mod., etc., £7.18.6, with leads, 
batt., etc. 

* NOMBREX TRANSIST- 
ORISED RESISTANCE CAP- 
ACITANCE BRIDGE. 1pF co 
100 mfd., 1 ohm to 100 meg., 
leakage test, visual null indicator, * NOMBREX AUDIO £7.2.3, with bate. 

tGENERATOR. 10 to NOMBREX TRANSIS - 100,000 as.elsquare, TOR POWER SUPPLY £15.2.3, with battery. UNIT. 1 to 15 volts D.C. up to 
Post and Packing 2/6 any 0.1 amp. 230/250V, A.C. mains, 
type. £5.17.6. * DETAILED LEAFLETS ON REQUEST * 

Built and 
Ready to 

Use 

£5.19.6 
P.P. 2/ - 

(Complete 
with full 

descriptive 
Booklet) 

Call for 
demon- 
stration. 

7 -TRANSISTOR RECORD/PLAYER 
/RADIOGRAM AMPLIFIER * 4 watt peak output. * Full Treble and Bass 

boost and cut. * 40cs to 20 kc/s+ 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). 
9/12 volt for 3 ohm speakers (mains 
unit 49/6 extra). * Size only 6"x24"x2". 
Ideal for mains or battery, portable or 
domestic record player, grams, etc. * Booklet Free on Request * 

MONO/STEREO AMPLIFIERS 

Complete with full 
function pre -amplifiers and controls. * SA80 4+4 watts ... £9.10.0 * SA150 7+7 watts ... £16.10.0 * SA300 15+15 watts ... £32.10.0 
Each amplifier completely self-contained 
and designed for Mono and Stereo 
output. Supplied complete with full 
manual. Leaflets on any type on request. 

HI -Fl SPEAKERS 
12" 15 ohms, 12,000 G. ... ... 35/- 
8", 15/16 ohm (8A7) 78/6 
12", 15/16 ohm (CR3OAE)... ...10 gns 

BRAND NEW -GUARANTEED 
* TRANSISTOR POCKET RADIOS 
Ready to use complete with Battery, 
Leather Case, Earphone. PAP. 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 WI 
Open Monday to Sat. 9-6, Thurs. 1 o'clock 

PLEASE TURN TO BACK PAGE 

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 Me/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 200µA 
meter for carrier level and 1 
earphone for modulation. 
Requires no connection to 1 
transmitter. Self-contained, 

2 ready for use, 69/6, post free. 

DEAC Rechargeable Batteries ; 
(a) 18V. 100mAJH 4"x I" diam. 

Brand new, sleeved, 30/- 

5 

(b) As above but 150mA/H, 35/ - 
Both types easily split into any 
multiple of 1.2 volt. Brand new flfl fl -n- I NNJ.e nefl,_flNJN NJNNNIN IN 

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 

Obtainable abroad through the following Collets Subscription Service Continental Publishers & Distributors Ltd. William Dawson & Sons Ltd. Australia and New Zealand Gordon & Gotch Ltd. Electronics Publications (Australia) South Africa Central News Agency Holland "Radio Elettronica" 
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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. 

Sold as three pre -built units 
- with less than 30 minutes inter- 

connection work. Originally 
Fl sold at more than double the 

price. A superb record player, 
- fully portable-the ideal gift 

for teenager or adult. 

HENRY'S RADIO LTD 
303 EDGWARE ROAD LONDON W2 

PADdingt n 1008/9 
Open Monday to Sat. 9-6. Thurs. 1 o'clock 

"M NI -GRAM" 
TRANSISTOR PORTABLE 

RECORD PLAYER 

*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/ - 

OR TOTAL A 
COST 1 " P.P. 5/ - 

(Battery 3/9 extra) 

LATEST CATALOGUE 
68 PAGES, 10" x 7=" 

Includes new Transistor, Crystal, Value, 
Rectifier Catalogue. 

Fully detailed and illustrated 2/- post free 

'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. ji 
Size 100" x 72" x 3f", 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 

10 WATT 
HI-FI AMPLIFIER 

TRANSISTOR 
NEW LOW 

PRICES 

AND PREAMPLIFIER 
* AVAILABLE IN 

KIT FORM OR 
PREBUILT 
PANELS 

* LOW NOISE 

* LOW POWER 
REQUIRE- 

MENTS 

* MONO OR 
STEREO 

Circuits and 
details FREE 
on Request 

PERFORMANCE EQUIVALENT TO VALVE AMPLIFIERS OF 
FOUR TIMES THE PRICE AND MANY TIMES THE SIZE * Power output 10 watts at 400 c/s. Second harmonic distortion 0.1%. 
Total harmonic distortion 0.25% at 10 watts. Signal to noise ratio at 
10 watts 70 dB. Overall response within 3 dB 40 c/s to 20 kc/s. 

*6 -Transistor 10 watt power amplifier. 0.25 ohm output impedance 
for 3 ohms. 24 volt supply, 300mA average for 10 watts. 100mV 
into 33 k.ohm sensitivity. 
Built £5. 1 0.0 P.P. 2/6 or Kit 99/6 P.P. 2/6 
(Mains Unit 69/6 P.P. 2/6) * As above but 10 watts for 15 ohms speakers. 40 volt supply, 150mA 

Built £6. 1 0.6 P.P. 2/6 or Kit £5.10.0 P.P. 2/6 
(Mains Unit 69/6 P.P. 2/6) 

average for 10 watts. 

* Full function pre -amplifier on printed circuit. Size 9" x 2;". Features 
6 position input selector for microphones, tuners, tape, pick-ups- 
treble and bass controls + 12dB at 50 c/s and 12 kc/s-14dB at 
50 c/s and 12 kc/s. Four -position filter and volume controls. 1.5mV 
input sensitivity. Front Panel 8/6 extra 
Built £5.1 0.0 P.P. 2/- or Kit 99/6 P.P.2/- * CALL FOR DEMONSTRATION-ANY TIME * 

FM TUNER' First Again! 
See Dec. Edition of Radio Constructor 

-.. 

* 5 -Transistor * 4 Diodes 
E* 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. Size 3; x 22 x 4". 
Simplified building instructions. All 
parts sold separately. 

COST f8196 
P.P. 2/ - 

PLEASE 

TURN 

TO 

NEXT 

PAGE 

TO BUILD YOURSELF * Miniranger * Quintet M/LW * Repanco DC/AC Invertor * Sinclair Slimline * PW-6 Pocket Superbes * PW Celeste Portable * PW Spinette Record Player 
All TSL, Bernards, Repanco, Sinclair, Osmor. Ardente, etc., 
components and books in stock. Quotations by return. 

£2.9.6 P.P. 1/6 
£3.19,6 P.P. 2/- 
f 3.2.6 P.P. 2/6 
£2.9.6 P.P. 1/6 

£7.19.6 P.P. 2/- 
£9.15.0 

£10.19.6 

BOAC VHF Pocket Receivers * Features 5 transistors (V6/8R- 
0C44) 2-OA91 diodes VHF detector, 
OA10 rectifier. 

* IK ohm Stethoscope headset. 
* 3.9 volt 450mAl H rechargeable deac 

cells. 
* 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. 

4 -WAVEBAND COMMUNICATIONS RECEIVER RX60 or SR40 

550 kc/s -30 me/s.-BFO-AVC-'S' meter-noise limiter-Bandspread -_ 

-Telescopic aerial, etc. Brand new. Detailed leaflet on request. - 
£24.15.0 ji 

* De Luxe version, 9 valve Superhet, 2 RF Stages, etc. 
Leaflets on request £42.0.0 E" 
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