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Eddystone 

Eddystone RECEIVER 

OF MAJOR INTEREST TO ALL RADIO ENTHUSIASTS 

EC 10 transistorized 
communications receiver 
A most efficient transistorized communications 
receiver of light weight, compact dimensions, and 
capable of a really good performance. Five ranges give 
continuous coverage from 550 kc /s to 30 Mc /s (545 to 
10 metres), and included are the medium -wave broad- 
cast band, the marine (coastal) band from 1500 to 3000 
kc /s, and all the short -wave broadcast bands. Also 
available are the six major amateur bands and many 
services in between. 

The EC10 receiver accepts normal AM telephony and 
CW telegraphy, a special filter being provided to 
increase selectivity (and also reduce noise) in the CW 
mode, as is often desirable. Single sideband signals can 

be successfully resolved by appropriate setting of the 
BFO for carrier reinsertion. A total of 13 transistors and 
diodes is used, leading to high sensitivity and con- 
sistent results on all ranges. The main scales occupy 
a length of nine inches and are clearly calibrated direct 
in frequency. The standard Eddystone precision slow - 
motion drive controls the tuning, which is exceptionally 
smooth and light to handle. An auxiliary logging scale 
permits dial settings of chosen stations to be recorded. 

An internal speaker gives good aural quality and a 
comparatively high audio output is available -one can 
easily believe he set is mains operated. For personal 
listening, a telephone headset can be plugged into the 
socket on the front panel, the speaker then being out 
of action. 

Alternative aerial sockets are provided, for dipole, 
long wire, or short rod or wire. Power is derived from 
six cells housed in a separate detachable compartment. 
Current consumption is related to audio output and, 
for long life, HP2 -type heavy -duty cells are recom- 
mended. 

The receiver is housed in a metal cabinet, and, with 
robust construction throughout, it will stand up to hard 
usage over a long period with a high degree of reliability. 
The finish is an attractive two -tone grey. The dimen- 
sions are width 12f ", height 64 ", depth 8 "; weight with 
batteries is 14 lb. 

Eddystone Radio Limited 
Eddystone Works, Alvechurch Road, Birmingham 31 

Telephone: Priory 2231 Cables: Eddystone Birmingham Telex: 33708 LTD¡ED5 



SINCLAIR Z.12 
INTEGRATED 12 WATT 

AMPLIFIER AND PRE -AMP 
For size alone, the Z.12 marks an important advance 
in quality design, for its amazing compactness opens 
up exciting new vistas in amplifier housing and applica- 
tion. Combined with this are fantastic power and 
superb quality which can provide an effortless output 
of 12 watts R.M.S. continuous sine wave from the 
unique eight transistor circuit used. Basically intended 
as the heart of any good mono or stereo hi -fi system, 
the size and efficiency of this Sinclair unit make it 
equally useful for a car radio (with the Micro -6 for 
example), a high quality radio with the Micro FM, 
in a guitar, P.A. or intercom system, etc. Other 
applications are certain to suggest themselves to 
constructors, The manual included with the Z.12 
details mono and stereo tone and volume control 
circuits by which inputs can be matched (and switched 
in) to the pre -amp. The size, performance and price 
of the Z.12 all favour the constructor seeking the 
finest in transistorised audio reproduction--it is in 
fact today's finest buy in top grade high fidelity. 

SINCLAIR MICRO FM 
COMBINED FM TUNER ( RECEIVER 

Less than 3" x 1á" x 
and professional in every 
way, 7 transistor FM using 
pulse counting discrimin- 
ator for superb audio 
quality. Low I.F. makes 
alignment unnecessary. 
Tunes 88 -108 Mc /s. The 
telescopic aerial suffices 
for good reception in all 
but poorest areas. Signal 
to noise ratio -30dB at 30 
microvolts. Takes stand- 
ard 9 v. battery. One out- 
let feeds to amplifier or 
recorder, the other al- 
lows set to be used as a 
pocket portable. Brushed 
and polished aluminium 
front, spun aluminium 
dial. A fascinating set to 
build. Complete kit inc. aerial, 

case, earpiece and in- 
structions. 

L .19.6 

SINCLAIR MICRO -6 --smmi,ce,y4 

The world's smallest radio 
Unequalled for power, selectivity 
and quality. Six stage M.W. 
receiver. 2 R.F. amplification, 
double diode detector, 3 stage 
A.F. amplifier. A.G.C., etc. The 
Micro -6 is completely self -contained 
in white, gold and black case, 14/5" 
x 13/10" x 1 /2". Plays anywhere. 
Easy to build. Complete kit of parts 
with earpiece and instructions. 5916 

12 WATTS R.M.S. OUTPUT CONTINUOUS SINE WAVE 
(24 W. PEAK) 

15 WATTS R.M.S. MUSIC POWER (30 WATTS PEAK) * Ultra- linear class B output and 15 ohm loads. Two 3 ohm 
generous neg. feed back. speakers may be used in parallel. * Response -15 to 50,000 c/s * Input -2mV into 2K ohms. 
±1dB. * Signal to noise ratio -better * Output suitable for 3, 7.5 and than 60dB. 

Built, tested 
and 

guaranteed. 

89 /s 

SINCLAIR STEREO 25 
De -Luxe Pre -amp & Control Unit for Z.12 or other good stereo system 

Designed specially to obtain the very 
finest results used with two Sinclair 
Z.12's for stereo. The best quality com- 
ponents, individually tested before 
acceptance, are used in its construction, 
whilst the overall appearance of this 
compact de -luxe pre -amp and control 
unit reflects the professional elegance 
which characterises all Sinclair designs. 
The front panel is in solid brushed and 
polished aluminium with beautifully 
styled solid aluminium knobs. Mounting 
BUILT, TESTED 

AND FYVY 
GUARANTEED .19.6 

is simple, and the PZ.3 will comfortably 
power the Stereo 25 together with two 
Z.12's. When fitted, the Sinclair 25 
will grace any type of hi -fi furniture. 
Frequency response 25 c/s to 30 kc /s 
+1dB connected to two Z.12's. 
Sensitivity Mic. 2mV into 50kO: 
P.U. -3mV into 50kn: Radio -20mV 
into 4.7k0. Equalisation correct to 
within +1dB on R1AA curve from 
50 to 20,000 c /s. Size 64" X 24" x 24" 
plus knobs. 

A HI -FI STEREO ASSEMBLY FOR 122.18.0 
All you require is 

n 

Stereo 25 Unit (£9.19.6) two Z.12's 
(£8.19.0) and one PZ.3 (E3.19.6). As an optional extra, you could 
include the Micro FM (£5.19.6). 

FULL SERVICE FACILITIES AVAILABLE TO SINCLAIR CUSTOMERS SINCLAIR 
Transistorised maids power unit 
specially designed for Zreo 79 /Gs GUARANTEE If you are not completely 

refunded 
when you receive your purchase from PZ.3 Will power two Z.12's and Stereo a7 v 

us, your money will 6e refunded of once in full and without question. 25 witì ease. 

SINCLAIR RADIONICS LTD., 22 NEWMARKET ROAD, CAMBRIDGE 

Please send sinlair 
SINCLAIR RADIONICS LIMITED I for which I enclose cash /cheque /money order 

22 NEWMARKET ROAD, CAMBRIDGE value £, 
Telephone: OCA3 -52731 

DECEMBER 1966 

NAME ......._.... 

ADDRESS....... 

RC121 
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HI -FI AMPLIFIERS TUNERS - -- RECORD PLAYERS 

3 +3W 
STEREO 

AMP. 
S-33H 

10W 
POWER 

AMP. 
MA -12 

10W POWER AMPLIFIER. Model MA -12. 10W output, wide freq. range, 
low distortion. For use with control unit. Kit £12.18.0 Assembled £16.18.0 
3 + 3W STEREO AMPLIFIER. Model S-33. An easy -to- build, low cost unit. 
2 inputs per channel. Kit £13.7.6 Assembled £18.18.0 
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. Kit £15.17.6 Assembled £21.7.6 
HI-FI STEREO AMPLIFIER. Model S-99. 9 + 9W output. Ganged 
controls. Stereo /Mono gram., radio and tape inputs. Push -button selection. 
Printed circuit construction. Kit £28.9.6 Assembled £38.9.6 
TRANSISTOR PA /GUITAR AMPLIFIER, PA -2. 20W amplifier. Four inputs. 

GARRARD 
PLAYER 

AT -60 

20 +20W 
STEREO 

AMP. 
AA -22U 

TRANSISTOR MIXER. Model TM -1. A must for the tape enthu- 
siast. Four channels. Battery operated. Similar styling to Model AA -22U 
Amplifier. With cabinet. Kit £11.16.6 Assembled £16.17.6 

20 +20W TRANSISTOR STEREO AMPLIFIER. Model AA -22U, 
Outstanding performance and appearance. Kit £39.10.0 (less cabinet). 
Assembled £57.10.0 Attractive walnut veneered cabinet £2.5.0 extra. 

GARRARD AUTO /RECORD PLAYER. Model AT -60. 
less cartridge £13.1.7 With Decca Deram pick -up £17.16.1 inch P.T. 
Many other Garrard models available, ask for Lists. 

Variable tremolo. New Low Price Kit £,39.19.0 Assembled £54.10.0 HI-FI MONO AMPLIFIER. Model MA -5. A general purpose 5W 
Amplifier, with inputs for Gram., Radio. Attractive modern styling. 50W VALVE PA /GUITAR AMP., PA -1. Kit £54.15.0 Assembled £74.0.0 Kit £11.9.6 Assembled £15.15.0 

1111! INIlliiiIi !IiiiiIIIII1111111111111111111111 1111!!!! 111111!! 1111II1! IIIIIIIIIIIIIII11111111111II111 !1!IIII!1!1ii!IIII!!! 11111!! IIII! i!! IIII!! !10011!!1111111!!!111111!IIII!1i 11111!!! 11111111111111111IIII11111111I111111111111111 !IIIIIIIII 111111!! 11111ií! 111IIIIIIIII !1111!1IU!!!11111!!IIIII! 111111!!!!! 11111 !!!11111!1!!11IIIIi110111III! 111!!! 11111!1! 1111111! 1111!!!! IIIII !!11IIIII!11!11!1IIIII!1!!1! 1111! 111111 !!!11111!!IIN!III!MMII!IIIIIIffl 

DAYSTItOM=J 

The World Leader in Quality Kitsets 
Easy -to- follow instruction manuals show you how to build the models 

INSTRUMENTS 
3" LOW -PRICED SERVICE OSCILLOSCOPE. 
Model 05-2. Compact size 5" x 71" x 12" deep. 
Wt. only 9 }lb. "Y" bandwidth 2 c /s -3 Mc /s+3dB. 
Sensitivity 100mV /cm. T/B 20 c/s -200 kc /s in four 
ranges, fitted mu -metal CRT Shield. Modern 
functional styling. 

Kit £23.18.0 Assembled £31.18.0 
5" GEN- PURPOSE OSCILLOSCOPE. Model 
10 -12U. An outstanding model with pro- 
fessional specification and styling. "Y" band- 
width 3 c /s-4.5 Mc /s±3dB. T/B 10 c/s -500 kc /s. 

Kit £35.17.6 Assembled £45.15.0 
DE LUXE LARGE -SCALE VALVE VOLT- 
METER. Model IM -13U. Circuit and speci- 
fication based on the well -known model V -7A but 
with many worth -while refinements. 6" Ernest 
Turner meter. Unique gimbal bracket allows 
operation of instrument in many positions. Modern 
styling. Kit £18.18.0 Assembled £26.18.0 
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. 
Kit £23.15.0 Assembled £31.15.0 

VALVE VOLTMETER. Mo ges 
d.c. volts to 1,500. A.c. to 1 eak 
to peak. Resistance 0.10 to 1,000M52 with internal battery. 
D.c. input resistance IlMS2. dB measurement, has 
centre -zero scale. Complete with test prods, leads and 
standardising battery. 

Kit £13.18.6 Assembled £19.18.6 
MULTIMETER. Model MM -10. Ranges 0 -1.5V to 
1,500V .c. c. and d.c.; 150µA to 15A d.c.; 0.20 to 20MO. 
41," 501/A meter. Kit £12.18.0 Assembled £18.11.6 

R.F. SIGNAL GENERATOR. Model RF -1U. 
Up to 100 Mc /s fundamental and 200 Mc /s on 
harmonics. Up to 100mV output. 

Kit £13.18.0 Assembled £20.8.0 
SINE /SQUARE GENERATOR. Model 
IG -820. Freq. range 20 c /s -1 Mc /s in 5 bands 
less than 0.5 % sine wave disc. less than O.15µ 
sec. sq. wave rise time. 

Kit £25.15.0 Assembled £37.15.0 

TRANSISTOR POWER SUPPLY. 
Model IP -20U. Up to 50V, I.5A output. 
Ideal for Laboratory use. Compact size. 

Kit £35.8.0 Assembled £47.8.0 

del V -7A. 7 voltage ran 
,5 00 r.m,s. and. 4,000 p 
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IM-13U 

V-7A 

RF-1U 

IG-82U 

Prices and specifications 
subject to change without 

notice 

STEREO TRANSISTOR FM TUNER 
(Mono version also available) 
Designed to match the AA -22U 
Amplifier. Available in separate units `t 
comprising Models TFMT -1 RF Tuning g,,-, 
Unit £5.16.0 incl. P.T. and TFA -1M 
(Mono) IF Amplifier, power supply, etc. 
£15.3.0 kit or TFA -1S (Stereo) IF Amplifier, etc. £19.2.0 kit. TFM -1 
14 transistor circuit. Pre -assembled and aligned "front- end ". 4 stage IF Amplifier. AFC. Printed circuit construction. Walnut veneered, 
finished cabinet available as optional extra. Can be built for: 

Total Price kit (Mono) £20.19.0 incl. P.T. 
Total Price kit (Stereo) £24.18.0 incl. P.T. 

Cabinet £ Send for full details. 2.5.0 extra. 

IIIIIIIIIIIilli 11111!! 111111! IIIIIIIillllllllllllllliilllllllllllllllllllllllllllll! 

TRANSISTOR RADIOS 
"OXFORD" LUXURY PORTABLE. 
Model UXR -2. Specially designed for use 
as a domestic, car or personal portable 
receiver. Many features, including solid 
leather case. Kit £14.18.0 incl. P.T. 
TRANSISTOR PORTABLE. Model UXR -1. 
Pre -aligned I.F. transformers, printed circuit. 
Covers L.W. andM.W. Has 7" x 4" loud- 
speaker. Real hide case. 

Kit £12.11.0 Incl. P.T. 
JUNIOR EXPERIMENTAL WORKSHOP. 
Model EW -1. More than a toy! Will make 
over 20 exciting electronic devices, incl: 
Radios, Burglar Alarms, etc. 72 page Manual. 
The ideal present! Kit £7.13.6 incl. P.T. 

UXR-1 

High performance CAR RADIO, Model 
CR -1. A quality model with many outstand- 
ing features. TOTAL PRICE: Kit (less 
speaker) £1247 -0 incl. P.T. Many access- 
ories available as extras. CR-1 

WELCOME TO OUR LONDON HEATHKIT CENTRE 
233 Tottenham Court Road, W.1 

We open MONDAY - SATURDAY 9 a.m. -5.30 p.m. 
THURSDAY .. I I a.m. -2.30 p.m. 

Telephone No: MUSeum 7349 
4 WHEN YOU ARE IN TOWN, WE HOPE YOU WILL VISIT US THERE 

THE RADIO CONSTRUCTOR 



TAPE AMPLIFIERS TAPE DECKS - - CONTROL UNITS 

FM 
TUNER 
FM -4U 

MAGNAVOX 
DECK 

HI-FI FM TUNER. Model FM -4U. Available in two units. R.F. 
tuning unit (£2.15.0 incl. P.T.) with I.F. output of 10.7 Mc /s, and I.F. 
amplifier unit, with power supply and valves (£13.13.0). May be used 
free standing or in a cabinet. Total Kit £16.8.0 
(Multiplet adapter available, as extra.) 
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- £22.11.6). 
Printed circuit board, 8 valves. Covers L.W., M.W., S.W., and F.M. 
Built -in power supply. Total Kit £27.5.0 
(Multiplex adapter available, as extra.) 
MAGNAVOX "363" TAPE DECK. The finest buy in its price 

TRUVOX 
DECK 

AM /FM 
TUNER 

TRUVOX D -93 TAPE DECKS. High quality stereo /mono tape decks. D93/2, 
1 track, £36.15.0 D93/4, } track, £36.15.0 
TAPE RECORDING /PLAYBACK AMPLIFIER 
Mono Model TA -IM kit £19.18.0 Assembled £28.18.0 
Stereo Model TA -IM kit £25.10.0 Assembled £35.18.0 
HI-FI CABINETS. A wide -range available for example: Malvern Kit £18.1.0 
incl. P.T. 

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. Kit £9.2.6 Assembled £14.2.6 

range. Operating speeds: 1i ", 34." and 71" p.s. Two tracks, "wow" STEREO CONTROL UNIT. Model USC -1. Push- button selection, 
and "flutter" not greater than 0.15% at 71" p.s. £13.10.0 accurately matched ganged controls to ±1dB. Rumble and variable low -pass MAGNAVOX deck with TA -IM Kit £31.5.6 filters. Printed circuit boards. Kit £19.19.0 Assembled £27.5.0 

First in dependability -first in performance 
Convenient credit terms available in U.K. over £10 

SSU-1 

Berkeley 

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, Kit £12.12.0, without 
legs, Kit £11.17.6 incl. P.T. 

THE BERKELEY Slim -line SPEAKER 
SYSTEM, fully finished walnut veneered 
cabinet for faster construction. Special 12" 
bass unit and 4" mid /high frequency unit. 
Range 30- 17,000 c /s. Size 26" x 17" x only 
7g" deep. Modern attractive styling. Ex- 
cellent value. 

Kit £19.10.0 Assembled £24.0.0 
COTSWOLD SPEAKER SYSTEMS. Out- 
standing performance for price. 
MFS: Size 36" x 161" x 14" deep. 

Kit £25.12.0 Assembled £33.17.0 
STANDARD: Size 26" x 23" x 141" deep. 

Kit £25.12.0 Assembled £33.17.0 

MULTIPLEX 
DECODER, SD -1 
for receiving Stereo FM. 

Convert your existing FM Mono receiver 
to stereo with this low -cost, self -powered 
unit. Fully transistorised. 

Kit £8.10.0 Assembled £12.5.0 
Styled to match British Heathkit models. SD-1 

SEND FOR THE LATEST 
`+ 

FREE CATALOGUE 
{ INSTRUMENT AND AMATEUR RADIO BROCHURES 
S AVAILABLE ON REQUEST *..... 
Prices quoted are Mail Order prices. 

"AMATEUR" EQUIPMENT 
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 circuits, telescopic 
aerial, tuning meter and large slide -rule dial. 

Kit £37.17.6 Assembled £45.17.6 
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. 
Amp. stage. 

Kit £39.6.6 Assembled £52.10.0 
160 -10M TRANSMITTER. Model DX- 
100U. Careful design has achieved high 
performance and stability. Completely 
self -contained. 

Kit £81.10.0 Assembled £106.15.0 
COMMUNICATIONS TYPE RECEIVER. Model 
RG-1. A high performance, low cost receiver for the 
discriminating listener. Frequency coverage: 600 kc /s- 
1.5 Mc /s and 1.7 Mc /s -32 Mc /s. 

Kit £39.16.0 Assembled £53.0.0 
REFLECTED POWER METER and SWR BRIDGE. 
Model HM -11U. Indicates reliably, but inexpensively, 
whether the RF power output of your TX is being 
transferred efficiently to radiating antenna. 

Kit £8.10.0 Assembled £10.15.0 

GC-1U 

RG-1 

HM-11U 

OUTSTANDING "AMATEUR" EQUIPMENT 
A wide range of American Amateur SSB equip- 
ment is now available in the U.K. Why not send 
for full details of range, for example: 
FILTER TYPE SSB TRANSCEIVERS. 
Models for 80, 40 or 20 metre bands. 
Model 11W -12 (80M) £67.10.0, Kit. incl. 
Model HW -22 (40M) £66. 0.0, Kit. duty, 
Model 11W -32 (20M) £66. 0.0, Kit. etc. 

Without obligation please send me 
FREE BRITISH HEATHKIT CATALOGUE............. 
FULL DETAILS OF MODEL( S) .................. ............................... 
(Please write in BLOCK CAPITALS) 

DAYSTROM LTD 
DEPT. 

ESTER 

I NAME 

IWIIUNIIhlllll 1111111 1111111 lllllllll 1111111 l l l 1111 l l 111 l 1111111 l 111111 l lllllllll l llllllllllllllllllllllllll llllilll l l l llllllllllllll llllnllllllllllllllllllllllllllllllllllllllll 1111 111111 llllllll 1111111 llllllllll 
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80M Transceiver 
HW -12 

(Tick here) 

DEPT. RC.12 I 
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T.R.S. BARGAINS IN KITS, COMPONENTS AND EQUIPMENT 
* * * T.R.S. F.M. STEREO DECODER 
Based on Mullard design and produced by T.R.S. 
Built -in stereo indicator. 6- transistor model, 
readily adaptable for u with valve tuners as 
well. For 9 -15v. operation. Complete kit with 
Mullard specified inductors already aligned. 
£5 5s. Od. (p. /p. 2/6). 

WE ARE SINCLAIR SPECIALISTS 
We carry fall stocks of these wart [I all- B,i.>h 
designs s advertised and give prompt delivery. 
MICRO -6 Six stage vest -pocket rcvr. (Kit) 59/6 
MICRO -FM 7 transistor FM tuner -rcvr. (Kit) £5 19 6 
Z.12 combined 12w. amp and pre -amp. built 89/6 
STEREO 25 de luxe pre -amp /control unit 

(stereo) built £9 19 6 

"CIR -KIT" INSTANT CIRCUITS 
Indispensable for constroictors. Enables 
you to produce "printed circuits" quick- 
ly and cleanly. Kit No. 3 inc. baseboard, 1 S/- processed copper strip and sheet as 
advertised. 

6 VALVE A.M. /F.M. TUNER UNIT 
In Kit Form with or without Po-- o- ̂ " 

Med. 190 m., 550 m., 
V.H.F. -86 Mc /s -103 
Mc /s., 6 valves and 
metal rectifier, Self - 
contained power 
unit. Magic -eye, 3 

Push-button con- 
trols, on/off, Med., 
V.H.F. Diodes and 
high output sockets with 
gain control. Illuminated 2- colour 
perspex dial 1 I z" x 4" chassis size 11 "r x 4" x 
Strongly recommended for use with Mullard amplifiers 

Complete kit, inc. Power Pack as illustrated, I lgns. 
Carr. 7/6. Ditto less Power Pack IOgns. Carr. 7/6. 
Circuit and Const. details 4/6. Free with kit. 

TRANSFORMER MANUFACTURING SERVICE 
We manufacture all types Radio Mains, Transi. 
chokes. Quality 0/P Trans., etc. Enquiries 
invited for specials, prototypes for small pro- 
duction runs. Quotations by return. 

2 FAMOUS MULLARD AMPLIFIERS 
Mullard design with T.S.R. kits for value 

MULLARD "3 -3" 3- 
valve Hi -Fi quality at MULLARD "5-10" 
reasonable cost. Bass 5 valves 10 W., 3 
Boost and Treble c and 15 ohms out - 
trols, quality sectional put. Mullard's 
out -put transformer (3 famous circuit 
and 15 ohms). 40 de-25 with heavy duty 
kc /s.-F I dB. 100 mV. for ultra- linear quali- 
3W., less than I% dis- ty outputtfr. Basic 
tortion. Bronze escut- amplifier kit price 
cheon panel. Complete £911916. Carr. 7/6. 
Kit only f7 IDs. Od. Carr. Ready built l l; 
5/ -. Wired and tested gns. 
£9 10s. Od. 

7 VALVE AM /FM RADIOGRAM CHASSIS 
3 wave -band L /M /FM. Permeability tuning on 
F.M. Large clear dial A.V.C., good neg. feed- 
back. Magic eye. 3 w. output. A.C. 200/250 v. 
Circuit diagrams available. Aligned, tested and 
ready for use £13/1916 (Carr. and ins. 7/6). 
S.A.E. brings full details. 

MIcrFI I ANEOUS 
ENAMELLED COPPER WIRE -2 oz. 

reels 14 g. -20 g. 3/-; 22 g. -28 g. 3/6; 30 g. -34 g. 4/3; 
36 g. -38 g. 4/9; 39 g:40 g. 5/ -, etc.. 
TINNED COPPER WIRE. 16 -22 g. 41- 2 oz. 
BON DACO UST Speaker Cabinet Acoustic 
Wadding (I" thick approx.) 18" wide, any 

MISCELLANEOUS- continued 
VOLUME CONTROLS. LOG and LINEAR - 
5K-2 Mn 3" Spindles Morganite Midget Type Ik" 
Man, Guar. I year. LOG or LIN ratios less Sw., 
3/6. DP. Sw. 5/, Twin Stereo less Sw., 7/6. 
D.P. Sw., 9/6 (IOOk to 2 Meg. only). 
RESISTORS- Modern ratings full range 10 
ohms to 10 megohms, 20% k -; w, 3d. ea., ditto 

I w. 6d. ea., 2 w. 9d. ea., 10% k -; w. 4d. ea., 5% 
Hi- stab., k -; w. 6d. ea. (below 100 ohms and over 

I meg. 9d. ea). I% Hi- stab., + w. 1/6 ea. (below 
100 ohms. 2/- ea.). 

ERSIN MULTICORE SOLDER. 60/40 4d. per 
yard. Cartons 6d., 1 / -, 2/6, etc. 
WIREWOUND RESISTORS. 25 ohm to 10 K. 
5 w. 1/3. 10 w. 1/6. 15 w. 21 -. CONDENSERS 
Silver Mica. All values 2 pf. to 1,000 pf. 6d. ea. 
Ditto ceramics 9d. Tub. 450 v. T.C.C., etc. 
.001 mfd to .01 10d. and .1/350 v. 10d. .02 MF to 
O.IMF. 500 v. 1 / -. .25 T.C.C. 1/9. .5 T.C.C. 2/ -. 
CLOSE TOL. 5 /MICAS. 10% 5 pf. -500 pf. 9d. 
600 -5,000 pf. 1 / -. 1% 2 pf -100 pf. I 1 d. 100 pf.- 
250 pf. 1/2d.270 pf.-800 pf. 1/4.800 pf.-5,000 pf.2 / -. 
ALU MIN. CHASSIS. I8g. 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. I8g. 6 "x6" 1/- 16 "x9 ", I/6; 
6" x 12" 2/ -; 12" x 12 ", 4/- each. 

TYGAN FRET (Canter, pot) 12" 0 12 ", 2/-; 
12" x 18", 3/ -; 12" x 24 ", 4/- etc. 

iengtn cut, o/- yd. FOR COMPREHENSIVE LISTS 
VEROBOARD' -AII sizes including 5 ", SEND 3d SHOWING FULL RANGES OF 
___z " x 3- ", 3/ -; 32" x 5 ", 5/2; 34" x 3; ", 3/8; OUR VERY LARGE STOCKS 

n stock. AT BARGAIN PRICES. 3t" x 17 ", 12/6. All accessories and tools i 

RADIO 
COMP 
70 Brig! 

Telephone THO 2188. Hou 

Established 1946 

ONENT SPECIALISTS 
tock Rd, Thornton Heath, Sy 

S 9.0 a.m. -6.0 p.m. daily, 1.0 p.m. Wed. 

IVOT USTA 
RADIO BUT 

TE0640106 /CAL 
MAGIC! 

IRON CURTAIN MIRACLE! GETS WORLD WIDE 
THOUSANDS OF STATIONS 

WE COMM MAKE THEM FOR 

SISTOR 
E RADIO 

- RECEPTION 
TRANSMISSIONS! 

THIS PRICE! 
Rl1SSIÄ . 

THIS MAG- 
NIFICENT 
RUSSIAN 8 
WAVE BAND 
RADIO RE- 
PRESENTS 
THE FINEST 
VALUE WE 
HAVE EVER 
OFFERED! 
Yes even for 
'H & G' it is 
fantastic -we 
couldn't make 
them for this price! Go 

Ñoiri ¡. to any dealer 
and see for 
yourself. You'll 
see that our 
price is a mere 
fraction of the 
true value! 
Yes, only 
£9 19. 6, box 
and post 4/6, 
or send £3 
dep., bal. 18 
fortnightly 

paymts. 10/6 (Total Credit Sale Price 249/ -) }post. STANDARD BATTERIES 5/- EXTRA. The impossible has 
been done. The Russians have triumphed in producing this fantastic 8 Wave Band Radio that YOU can have for 
hardly more than the cost of an ordinary single wave cheap Transistor! Another proof of the fantastic ability of 
Russia in the field of electronics. H. & G., Britain's great discount house has secured a huge quantity allocated to the 
U.K. They've just arrived. Brand spanking new and ready for use. YOU GET THIS AMAZING SET FROM US AT A 
PRICE THAT BEARS NO RELATION TO ITS TRUE VALUE! Yes, 8 separate wave bands, including Standard 
Long, Medium and Short to cover the entire world. Unique side control wave band selection unit gives 
incredible ease of station tuning! Thousands of stations and different transmissions at your finger tips 24 
hours a day, even including amateur 'Hams', 'Pirate' radio stations, ships, etc.l -truly nothing is secret! The Radio 

enthusiast can have the world in the palm of his hand! You must hear it to believe it! Listen to the superb, sweet tone! Control it from 
a whisper to a roar that will fill a hall! Runs economically on standard batteries -take it anywhere. Perfect also for use in your car -any 
speed, any direction! SIZE 10 +" x 7k" x 3k ". Made to give years of perfect service. Beautifully designed. Attractive contrasting colours. 
Complete with internal ferrite rod aerial and built -in telescopic aerial extending to full 38" length. Also coloured Radio manual, in- 
cluding simple operating instructions, and circuit diagram. Can also be used as extension amplifier for record player, radiogram, tape 
recorder or public address. 12 months' guarantee and after sales service. Refund guarantee. Callers welcome at any of 8 stores thousands 
of bargains on view. Save £ £ £'s. Or order by post to Coldharbour Lane, address below. 

Aá H tId 
FR 

tRUE dp`uG 

Headquarter & General Supplies (Dept. RDC /2) 196/200 Coldharbour Lane, London, S.E.;. (Wed. 1); 
37 H. Holborn (Thurs. 1, Fri. 7); 267 Oxford St. (Wed 1, hurs. 8); 166 
North End, Croydon (Fri. 7); 149 High St., Guildford (Thurs. 7); 

121 High St., Colchester (Fri. 7); 66 South St., Romford (Wed. 7); 93 High St., Bromley (Thurs. 7); (Stores open until 6 p.m. incl. Sat.). 
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In this month's issue- 

7 DESIGNS ALL BASED 

ON SINCLAIR SILICON 
EPITAXIAL PLANAR 
TRANSISTORS 
SEE PAGES 288 

Emitter Amplifier 

Direct Coupled Amplifier 

Crystal Oscillator 

Sine -Square Wave 
Converter 

Low Imp. Amplifier 

2 High -Z Amplifiers 

The characteristics of these two Sinclair 
NPN Silicon Epitaxial Planar Transistors 
make possible the brilliant series of seven 
designs described in this journal. These 
are designs aimed at pleasing the exacting 
constructor and each in its class will be 
found outstandingly good. 

sinlair 
SINCLAIR RADIONICS LTD. 
22 NEWMARKET ROAD, CAMBRIDGE 
Telephone 52996 (S.T.D. Code -OCA3) 

DECEMBER 1966 
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TYPE No. ST 140 ST 141 

It (max), 500mA 500mA 
Vcbo 20 volts 20 volts 
lab. (max @10V) 1 uA 1 uA 
F, (@ 1 mA, 5V) 400Mc /s 400Mc /s 
Ft (@ 10mA, 10V) 700Mc /s 700Mc /s 
life (@ 100uA 15-40 30 -150 
hfe (@1 mA) 20 -60 40 -200 
hfe (@ 10mA) 20 -60 40 -200 
life (@ 100mA) 15-40 30 -150 
Cab (@ 1V) 2.5pF 2.5 pF 
Pte, (free air) 360mW 360mW 
Pte, (case @ 100 °C) 680mW 680mW 

Price 4/- 6/- 

PLEASE ALSO SEE OUR ADVERTISEMENT P. 257 
If you do not wish to cut this page, please mention RC 12/2 when 

writing your order. r -1 
1 To: SINCLAIR RADIONICS LTD., 22 NEWMARKET RD., CAMBRIDGE 1 

I Please send ST.140 Transistors @ 4/- each. 

I ST.141 Transistors @ 6/- each. I 
l for which I enclose £ s d cash /cheque /money order. I 

I 
NAME 

u 

ADDRESS I 
I o 

RC 12/2 L. - i ! - - - - - - - - - - - - - e -I 
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A Mullard 

ID.' 
STER 

nspiration 

°1® 
ED 

NORMA= 4 

. _. 
Here is the latest 
from Mullard's 
top designers - the 10 + 10 Stereo 

i 

This remarkable pi -mode stereo amplifier has been 
engineered by Tates to very high standards. Gain 
experience and enjoyment in the thrill of constructing this 
superb amplifier. Undoubtedly a piece of electronic 
precision, the Mallard designed 10 + 10 costs no more than 
ordinary equipment and building can commence for as 

10 STEREO 

t i vrai tic price in guinea 
Circuits, lists and assembly procedi 
detailed in the 10 + 10 Construction Ma 

=tr. 

s). 
re are fully 
ial. 

Construction 
Manual. 
Send for your 
copy today, 
1276d. post paid. 

BOUND VOLUME No.19 
of "The Radio Constructor" 

FOR YOUR LIBRARY 

Comprising 
780 pages 

plus index 

Volume 19 August 1965 to July 1966 

PRICE 30/- Postage 4/6 

Special discounf of 10L for regular readers 

Where the 12 monthly issues making up the 
volume are returned, the price is only 20/- 

plus 4/6 postage 

Tates Electronic Services Ltd., Waterloo Road, Stockport, 
Cheshire. Telephone: Stockport 7301 

TATES 
ELECTRONICS 
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Available only from:- 

Data Publications ltd. 
57 Wilda Vale London W9 
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IMPROVE YOUR 
HOME RECEPTION 

Waf;146(/Natiat,11GtO/ 
UNBEATABLE VALUE FOR YOU, 
AS A READER OF 
THE RADIO CONSTRUCTOR 
Something for the womenfolk ! 'Dull radio bits 
and pieces' represent junk to most of the fairer 
sex, but now this INTRODUCTORY OFFER 
puts YOU and your hobby on a new plane 

THE/46, i 
TOLTEC S VALUE ` 
Debutante 41 8O'9drz 
HAIR DRYER A74N óPS\ 

n:0 ?%í.. '` :Ci^N:::tiii:'s:`<4Q:\>xz;;;a;::ixif,i ?:';.:i:i::'v; 

:c:w:..,,:,:ç,:::=:..''::v.:o:r: ..v.\.K ri. ....... . ....: ti:,..:.:..,..:,,...: , 

SPECIFICATION 
Moulded in beautiful symmetri- 
cal pastel blue impact resisting 
thermoplastic casing. 
Quiet in operation. 
Hot or cold air. 
No radio or T.V. Interference 
meets British standard specifi- . 

cation. aaranrand`.., >'x: =,.. ; ?: 

Fitted with safety cut -out. 
12 months Et money refund guarantee. 230 -250 volts A.C. only. 
Send the coupon below with the sum of only 52/6 (plus 4/6d to 
cover postage, packing and insurance, unless you are collecting 
personally) to:- 
THE TOLTEC ELECTRONIC Et TRADING CO. LTD., 

HATTON HOUSE, HURST GREEN, SUSSEX 
If you are not delighted with your purchase, its price will 
be refunded if the appliance is carefully replaced in its 
mail -order pack and returned safely within seven days. 
The Company will make every effort to supply all appli- 
cants but reserves the right to refund money should the 
demand for models at this concessionary price exceed 
expectations. 
GET YOUR APPLICATION AWAY TODAY 

THE RADIO CONSTRUCTOR 
TOLTEC HAIR DRYER OFFER 

INTRODUCTORY VOUCHER WORTH 28/3 ILeccccscws UI 11 
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NEWNES 
Questions and 

Answers Series 

Q. Et A. on Transistors 
Clement Brown 
Starting with the properties of 
semiconductor materials this book 
covers basic transistor circuits, 
transistors in radio receivers, high 
fidelity amplifiers and tape recorders 
and public address equipment. 
Other applications and topics 
include switching, pulse circuits, 
d.c. amplifiers, test equipment, 
printed circuits, micro- miniaturi- 
sation, and recent sources of power. 
96 pages. 60 line diagrams. 

Q. Et A. on Audio 
Clement Brown 
Stereophonic sound is taken fully 
into account at the outset, and 
emphasis placed on it throughout. 
All sources of audio are covered - 
discs, tape and radio -and comments 
included on public address require- 
ments where these differ from those 
of domestic sound reproduction. 
The points that need to be observed 
when matching together different 
items of equipment to provide a 
complete audio system are also 
explained. 
104 pages. 80 line diagrams. 

Q. Eh A. on Electronics 
Clement Brown 
Early sections explain basic elec- 
tronic phenomena, components and 
circuits, giving an understanding of 
the basic operations and the 
"language" of electronic engineering. 
Separate sections are devoted to 
radio and television, control 

e 

n- 
gineering, and computers, and in 
the final section some of the less well - 
known electronic techniques are 
surveyed- radar, ultrasonics, med- 
ical electronics and micro- electronics. 
112 pages. 60 line diagrams. 

Q. £r A. on Radio 
and Television 
H. W. Hellyer 
Starting with the fundamentals of 
electricity and sound and radio 

this manual provides 
thorough grasp of the principles of 
radio and television transmission 
and reception, with emphasis on 
modern practical techniques. The 
operation of valves and transistors 
is explained, together with an 
account of their use in the various 
basic circuit arrangements, leading 
to stage -by -stage descriptions of 
complete receivers. 
128 pages 70 line diagrams 

ONLY 8s. 6d. EACH 
from all Booksellers 

or in case of difficulty, by post, complete 
this handy order form. 

Please send ... 
Q. Et A. on AUDIO 
Q. Et A. on ELECTRONICS 
Q. Et A. on TRANSISTORS 
Q. Er A. on RADIO Et T.V. 
(Add 1s 6d postage per copy) 

NAME 

ADDRESS 
I enclose £ s. d. 

Simply complete this form and 
post with your remittance to 
Newnes, Tower House, 
Southampton St. WC2 
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HOME RADIO LTD., Dept. RC, 187 London Rd., Mitcham, Surrey Phone: MIT 3282 
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A MERRY CHRISTMAS TO YOU ALL 
Well -we've caught the old gentleman asleep at last. However, by 
the look of his empty sack all his deliveries have been made; so he 
has earned his rest. I cannot help noticing that the crafty old fellow 
has a Home Radio Catalogue tucked under his pillow, no doubt a 
great help to him for choosing his gifts ! ! 

Do you lack inspiration for choosing presents ? 

Then send for a Home Radio 
Catalogue -over 6000 items to 
choose from (1000 illustrated). Why 1- - - - - - - - - - - M - - - - - -o 
not give the actual catalogue as a 1 

Please write your Name and Address in block capitals 

present? The price is modest, only ! Name I 
7/6 plus 1/6 postage & packing and 1 1 

every one contains five vouchers each 1 Address 

worth 1 /- if used as directed. Send 1 1 

off coupon today, along with P.O. 1 1 

or cheque for 9/ -, and solve your I 1 

present problem. 1 1 
Home Radio Ltd., Dept. RC, 187 London Rd., Mitcham, Sy 
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Square Wave Generator 

for Audio Amplifiers 
by A. Foord 

Full constructional details of a simple two -frequency square wave generator, together with 
instructions on its use 

SQUARE WAVES AFFORD A SIMPLE AND RAPID 
means of checking the performance of audio 
amplifiers. In this article a square wave 

generator built and employed by the author is 
described, after which details are given of square 
wave distortion by an amplifier having a poor 
characteristic. 

Fig. 1 gives the circuit of the generator, and it 
will be seen that this consists of two transistors, 
TR1 and TR2, which form a multivibrator, and an 
emitter- follower, TR3, to provide a low output 
impedance without loading TR2. The signal at 
the emitter of TR3 is some 7 volts peak -to -peak, 
which is in excess of any signal that would normally 

266 

be required -even by a power amplifier. The 
signal is, therefore, "potted down" by R5 and VR1, 
so that about 3 volts peak -to -peak would appear 
at the upper end of VR1 if diodes D1 and D2 were 
not in circuit. However, when the voltage across 
VR1 reaches approximately 1.4 volts the diodes 
conduct (i.e. at about 0.7+0.7 volts with the 
silicon diodes employed) and limit the waveform 
to approximately 1.4 volts peak -to -peak. This 
circuit has the advantage of offering an output 
voltage independent of small changes of rail voltage, 
and also results in an excellent square wave. VR1 
thus gives an output variable from zero to about 
1.4 volts peak -to -peak. 

TR] 

2G3O2 

TR2 

2G3O2 

D2 

rR3 

2G3O2 

C5 

Fig. 1. Circuit diagram of the square wave generator 

0 9V 

Output 
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11/8" 

SIDE VIEW TOP VIEW 

Fig. 2. Wiring and component layout 

Two Frequencies 
It is usual to test at two frequencies, a high and 

a low, and the author chose 140 c/s and 2 kc /s. 
The frequency of oscillation of the multivibrator 
with Si open is given, in c /s, by: 

1 

f= 0.7(C2R2) ±0.7(C4R3) 
When S1 is closed, the values of capacitor used 

in the formula consist of the parallel capacitance 
.of (C1 -f C2) and (C3+ C4). 

To generate a wave with a 1 : 1 mark -space 
ratio, R2 should be equal to R3 and C1 should be 
equal to C3 (assuming SI is open). The formula 

then becomes: 
1 

f 
1.4 CR 

2 14 

The resistor values were fixed by the bias require- 
ments for the transistors, and the capacitors were 
then chosen to give frequencies of 140 c/s and 
2 kc /s. With S1 open the capacitor value is 0.003µF, 
whereupon: 

f- 
1.4 x O. 

=2 kc /s. 

With S1 closed the 

1 

003 x 10-6 x 120 x 103 

capacitor value is 0.043µF 

COMPONENTS Capacitors 
C1,3 0.04µF paper 
C2,4 0.00311F paper 

Resistors C5 25µF, electrolytic, 12V wkg. 
(All resistors 8 watt 10 %) 

R1,4 8.2kS2 
R2,3 120kS2 
R5 1.2kí2 
VR1 1kí2 wirewound 

Semiconductors 
TR1,2,3 2G302 (Texas Instruments) or 0075 

Mullard) 
D1,2 0A200 (Mullard) 

Switches Miscellaneous 
Si d.p.s.t. toggle Miniature 10 -way tagboard, type C125 (Bulgin) 
S2 S. p. s. t. toggle 2 insulated sockets, with plugs 

1 9V battery 
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Oscilloscope 

0 0 o 

Square wave Amplifier under 
generator test 

Fig. 3. Using the generator for checking audio 
amplifiers 

in parallel with 0.04íF) and: 

f 1.4x0.043x10-6x120x103 
=140 c /s. 

The measured frequencies actually obtained with 
the prototype were 130 c/s and 1.8 kc /s, these being 
a little on the low side. This was to be expected, 
as paper capacitors are normally low tolerance 
components, and the error between calculated 
and measured frequencies is only 7 % and 10 
respectively in this case. For the testing purposes 
envisaged, it is not important to have exact fre- 
quencies. 

Fig. 2 gives the layout and wiring diagram for 
the unit. A small 10 -pair tagboard accommodates 
the components, and is secured to an L- section 
piece of aluminium which also takes the panel 
controls and output sockets. 

Amplifier Testing 
Fig. 3 shows how the square wave generator is 

used. A square wave is applied to the amplifier 

I 

(a) 

(c) 

ru 

1 

(b) 

(d) 

(e) (f) 

Fig. 4. Some of the waveforms likely to be encountered 
when a low frequency square wave is- applied to an 
amplifier. The text discusses how these may be 

interpreted 

A neat and tidy layout can easily be obtained, 
as is well demonstrated by this top view of the author's 

prototype generator 

to be tested (which must be correctly terminated) 
and the output is viewed on an oscilloscope. The 
vertical amplifier of the oscilloscope must have a 
far better frequency response than the amplifier 
under test, and the oscilloscope sweep should be 
set to display a few cycles of waveform. 

If the amplifier performance is good, both 
from the gain and phase shift point of view, then 
its output signal will be an excellent square wave. 
At the same time, defective or poor performance 
will be indicated by distortion of the square wave. 
A square wave contains many harmonics in addition 
to the basic frequency, so the amplifier is, in effect, 
tested simultaneously at a large number of fre- 
quencies. Only odd harmonics appear in a square 
wave. If the fundamental is considered as having 
an amplitude of 100 %, then the amplitudes of the 
harmonics are as follows: 

(a) 

f 

(c) 

J 
(e) 

(b) 

(d) 

(f) 

Fig. 5. Results with a high frequency square wave 
input 
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fundamental f -100 
3f -33.3 
5f -20 
7f -14 
9f -11 
and so on. 

Phase shift of some of the frequency components 
in the square wave with respect to others, or 
unequal amplification across the band, causes 
characteristic changes in the resulting output 
waveform. This testing method is much faster 
than plotting a frequency response curve, but it 
does not give a quantitive measurement. On the 
other hand it does show the effect of transients, 
which sine wave testing cannot do. 

Figs. 4 and 5 show the effect of vai 
in the amplifier. Fig. 4 is for the 
square wave input, and Fig. 4 (a) 
an acceptable amplifier; (c) shows 

ious conditions 
low frequency 
and (b) show 

a low 1.f gain; 

(d) shows a very poor, unacceptable, l.f. response; 
(e) shows an emphasised 1.f. gain, i.e. a peak in 
the frequency response curve ; whilst (f) shows an 
excessive phase lead at low frequencies in the 
amplifier. 

Fig. 5 shows typical results given by the high 
frequency square wave input. Figs. 5 (a) and 
(b) illustrate good acceptable h.f. responses; (c) 
shows an excessive phase shift at h.f. ; (d) shows 
both excessive phase shift and low gain at h.f., 
and is a more severe condition of (c); (e) shows 
a low gain at h.f. ; whilst (f) shows a ringing at 
h.f. Ringing is a tendency to oscillation usually 
observed in an incorrectly designed feedback 
amplifier, and can be corrected by modifying the 
feedback network to increase the gain and phase 
margins. 

111111111 
S.W.G. MEASUREMENT 

ri 
'; by C. P. Finn ine>.i 

THERE ARE MANY OCCASIONS ON WHICH THE 
constructor needs to find the s.w.g. figure for a 
piece of wire. Not possessing a micrometer screw 

gauge, the author devised the method to be described : 

the only requirements are a small flat household 
ruler and a strip of wood of similar size. 

A small sample of the wire, say 2in, is cut off and 
bent into an `L' shape. This is `sandwiched' in 
between the ruler and the strip of wood as shown in 
the accompanying diagram. The wire is placed over 
one of the main divisions on the ruler. 

With the aid of the wood strip, the wire is then 
rolled along the ruler for a distance of exactly one 
inch, and the number of turns and fractions of a 
turn which the wire makes, is counted with the aid 
of the short protruding arm of the 

From this number, the diameter of the wire may 

be readily calculated from the formula, D = 

Wooden strip 
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TABLE 

S. W.G. 
io 
12 
14 

16 
18 
20 

21 
22 
23 

24 
25 
26 

27 
28 
29 

30 
32 
34 

36 
38 
40 

D 
0.128in. 
0.104 
0.080 

N 
2.5 
3.0 
4.0 

0.064 5.0 
0.048 6.6 
0.036 8.8 

0.032 9.9 
0.028 11.4 
0.024 13.3 

0.022 14.4 
0.020 15.9 
0.018 17.7 

0.0164 19.4 
0.0148 21.5 
0.0136 23.4 

0.0124 25.7 
0.0108 29.4 
0.0092 34.6 

0.0076 41.8 
0.0060 53.0 
0.0048 66.2 

where D = diameter of wire, and N = number of 
turns. For ready reference, the author has calculated 
values for N over a range of s.w.g. sizes, these 
being shown in the table. 

The figures given in the Table for D represent the nominal diameter 
of the bare copper wire. Slight discrepancies will occur due to toler- 
ances on diameter and to enamel coverings, but it should still be 
possible to arrive at the nearest s.w.g. number. -EDITOR. 
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Multivibrotor With Siegle 

Hesistonce Control 

SUGGESTED CIRCUIT No. 193 

I TIS SOMETIMES NECESSARY TO BE 

able to continuously vary the 
frequency of operation of a 

multivibrator whilst still retaining 
the mark -space ratio of its wave- 
form. A typical instance is given 
when a multivibrator with a 50 : 50 

mark -space ratio is employed as a 
tone generator. It would, in this 
case, be undesirable to employ a 
device such as a single variable 
resistor to control the period of 
one half of the cycle only, as occurs 
in a television timebase. Either a 
two -gang variable resistor or, if the 
charging capacitance values are 
sufficiently low, a two -gang variable 
capacitor, is required to effect a 

continuously variable change in 
frequency without altering the mark - 
space ratio. 

With normal multivibrator com- 
ponent values, the charging capaci- 
tances are too high to allow the use 
of a two -gang variable capacitor. 
At the same time, it may be difficult 
to obtain a two -gang variable 
resistor of the value needed to change 
multivibrator frequency over the 
range required. 

This month's Suggested Circuit 
demonstrates a method of control 
which enables the frequency of a 
multivibrator to be continually 
varied over a wide range by means 
of a single variable resistor, this 
being done without altering the 
mark -space ratio. The main purpose 
of this contribution is to introduce 
the basic circuitry involved. Since, 
however, the article is appearing 
in the December issue, some notes 

SI 

On -Off 

N -9V 

Di -D2 -see text 

Fig. 1. The basic multivibrator circuit. Multivibrator frequency is controlled 
by R5 without altering mark -space ratio 
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By G. A. FRENCH 

on employing the circuit for a 

Christmas party novelty device are 
also given. 

The Circuit 
A circuit demonstrating the basic 

principle of multivibrator operation 
with a single resistance frequency 
control is shown in Fig. 1, this 
having been made up by the writer 
to check the practicability of the 
idea. The circuit is for a tone genera- 
tor offering basic frequencies ranging 
from about 70 c/s to several kilo- 
cycles per second at a mark -space 
ratio of 50 : 50. 

Fig. 1 should first be examined 
by assuming that diodes Di and D2, 

and variable resistor R5 are out of 
circuit. The diagram then represents 
a symmetrical free -running multi- 
vibrator in which the components 
controlling frequency are the base 
resistors R2 and R3, and the collector - 
base capacitors C1 and C2. The 
values of these components are such 
that a 50 : 50 waveform of about 
70 c/s appears in the multivibrator. 
It will be appreciated that the 
period in the cycle over which either 
transistor is off (i.e. non -conductive) 
depends upon the values of the 
associated base capacitor and re- 

sistor. When, for instance, TRl 
becomes non -conductive its base 
initially has a potential which is 

about 9 volts positive of the positive 
supply line. The charge in capacitor 
C2 then decreases as current flows 

in R2, until the base of TR1 is at 
the same potential as the positive 
supply line. At this stage multi- 
vibrator action occurs, resulting 
in TRI becoming conductive and 
TR2 non -conductive. Under these 
conditions, a continuously variable 
control of frequency, whilst retaining 
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the 50:50 waveform, could be 
given by fitting a two -gang variable 
resistor in place of R2 and R3. 

Let us now examine the operation 
of Fig. 1 with Di, D2 and R5 in 
circuit. At the instant when TRi 
becomes non- conductive, its base 
goes about 9 volts positive of the 
positive supply line. At once, diode 
D1 conducts, causing the resistance 
inserted by R5 to appear between 
TR1 base and the positive supply 
line. Capacitor C2 now discharges 
by way of two circuit paths, the 
first being via R2 to the negative 
supply line and the second being 
via R5 to the positive supply line. 
It will be apparent that the period 
needed for C2 to discharge suffici- 
ently far for TR1 base to be at the 
same potential as the positive supply 
line may be controlled by R5. 

Whilst TR1 is off, TR2 is on (i.e. 
conductive). Since TR2 base is 
at approximately the same potential 
as the positive supply line D2 does 
not conduct. After the changeover 
given by multivibrator action, TR2 
will, however, become non -con- 
ductive. Its base then goes positive 
of the positive supply line and 
diode D2 conducts. The period 
during which TR2 is off depends 
on the rate of discharge in C1 

and this can similarly be controlled 
by R5. 

Thus, the single resistor R5 
controls the off -period of either 
transistor, it being brought into 
circuit, during the particular off - 
period, by way of Di or D2 as 
applicable. Since the component 
values are symmetrical, variations 
in R5 will not upset the 50: 50 
waveform offered by the multi - 
vibrator. 

Provided that the base resistors 
(R2 and R3 in Fig. 1) have the 
same value, the basic circuit arrange- 
ment of Fig. 1 could also be em- 
ployed for multivibrators offering 
output waveforms with a mark - 
space ratio other than 50 : 50. 
The mark -space ratio would then 
have to be provided by different 
values in the collector -base capaci- 
tors (Ci and C2 in Fig. 1). The 
discharge time of each collector - 
base capacitor depends upon the 
current flowing to the negative 
supply line via the appropriate 
base resistor, and to the positive 
supply line via the variable resistor. 
Since, during each half- cycle, the 
discharge resistance is the same, 
it follows that the mark -space 
ratio should be maintained for any 
value in the variable resistor. 

It is assumed, in this theoretical 
discussion, that the forward re- 
sistances presented by D1 and D2 
are equal and have low values. 

-9v 

Fig. 2. A circuit which provides a "bleep bleep" output, the audio frequency 
in each "bleep" varying according to the illumination of the ORP12 

Otherwise, the mark -space ratio 
may become altered for very low 
values in the variable resistor. 

Practical Points 
As was stated earlier, the circuit 

of Fig. 1 was made up by the 
writer to check operation in practice. 
This circuit is presented as an a.f. 
tone generator, but alternative ap- 
plications may readily present them- 
selves to readers. The frequencies 
offered by the circuit were capable 
of variation, by adjustment of R5, 
from about 70 c/s to some 2 kc /s or 
more. 

With R5 set to insert zero resist- 
ance, it was found possible to obtain 
a higher multivibrator frequency 
by using germanium diodes in the 
D1 and D2 positions than by using 
silicon diodes. It is assumed that 
this effect is due to the fact that a 
germanium diode becomes con- 
ductive at a relatively low forward 
voltage, whereas a silicon diode 
requires a forward voltage of around 
0.4 before it commences to conduct. 
Germanium diodes will, in conse- 
quence, present a discharge resistance 
to the collector -base capacitors al- 
most to the end of the off -period 
of the associated transistor, and 
will thereby enable higher frequencies 
to be achieved and a greater range 
of control to be exerted by the 
variable resistor. Any germanium 
diode (0A70, OA71, etc.) may be 
employed in the Di and D2 positions. 
If the 50 : 50 waveform is to be 
maintained for very low values of 
resistance in R5, the two diodes 

should be matched for forward 
resistance. 

The control of frequency offered 
by R5 is markedly non -linear. A 
fairly smooth control is provided 
by using a component with a log 
track, this being connected such 
that frequency increases (i.e. the 
resistance inserted by the control 
decreases) as it is rotated anti- 
clockwise. If increase in frequency 
with clockwise rotation is desired, 
R5 may be a component with an 
anti -log track. Whilst the use of 
potentiometers with tapered tracks 
provides a fairly smooth control of 
frequency, there is still a little 
cramping at the high frequency 
end of the range. Nevertheless, 
the control is quite adequate for 
a.f. tone generator applications. 

With the values shown for R1 
to R4, transistors TR1 and TR2 
require a gain of at least 50. The 
writer employed transistors type 
ACY18 here, but any other similar 
type which meets the gain require- 
ment could be employed instead. 

At low frequencies the current 
drawn from the 9 volt supply .was 
4.5mA, this gradually increasing, 
with frequency, to 6.5mA when R5 
inserted zero resistance. The in- 
creased current at the higher fre- 
quencies is due to the greater average 
charging current in C1 and C2. 
The peak -to -peak value of the 
output waveform remained sub- 
stantially constant, at 8.8 volts, for 
all frequencies. 

The output of the multivibrator 
may be fed to any following circuit, 
such as an amplifier, having an 
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Less than focal length 

(see text) 

Direction 

of light 

Fig. 3. The ORP12 may be mounted in a tube with a convex lens at the open 
end, as shown here. The inside walls of the tube should, preferably, be 

painted matt black 

input impedance greater than 10kí2. 
For high input impedances, such as 
would be given by a valve amplifier, 
C3 could be reduced to 0.11,F. 

"Bleep- Bleep" Circuit 
Control of frequency by a single 

resistance offers a number of interest- 
ing applications. The single resist- 
ance could, for instance, be a 
photoconductive cell such as the 
ORPI2. Frequency will then increase 
with the intensity of the light falling 
upon the cell. 

This idea is exploited, as a 
novelty device, in the circuit shown 
in Fig. 2. In this diagram the 
circuitry around TRi and TR2 
is the same as for Fig. 1, with the 
exception that the variable resistor 
R5 is replaced by an ORP12. 
Since a continual tone, even of 
changing frequency, is not particular- 
ly striking in a device of this nature, 
a second multivibrator given by 
TR3 and TR4 has beén added. 
This second multivibrator switches 
the first multivibrator on and off 
at about 3 times a second, giving 
an impressive "bleep- bleep" effect. 

The multivibrator provided by 
TR3 and TR4 has a nominal fie - 
quency of about 4 c /s. Due to 
tolerances on value, however, the 
two electrolytic capacitors C4 and C5 

will probably exhibit a working 
capacitance which is higher than 
the value marked on their cases, 
whereupon the actual running fre- 
quency of the multivibrator may, 
in practice, be of the order of 3 c/s 
or even less. Alternative capacitan- 
ces, to change the running frequency, 
can of course be used, if desired. 
The collector load of TR4 is the 
2kû resistor R8i whilst the collector 
load of TR3 is the multivibrator 
circuit given by TRi and TR2. 
When TR3 is on, the positive 
supply is applied to the emitters 
of TRl and TR2, and to the ORP12. 
Note that the chassis connection 
is now transferred to the negative 
supply line, and the on -off switch 
to the positive supply line. The 
output is taken from the collector 
of TR2 and the negative supply 
line, and the input impedance of 
any following amplifying device 
should, preferably, be at least 
15kû. Lower impedances may upset 
the switching action. With high 
impedances, as would be given 
by a valve amplifier, C3 can be 
reduced to 0.1µF. 

Again, transistors type ACY18 
are shown for TR3 and TR4. 
However, almost any a.f. type 
should cope satisfactorily in the 
circuit. The current drawn from 

the 9 volt supply by the circuit of 
Fig. 2 is approximately the same 
as with Fig. 1 (i.e. 4.5 to 6.5mA) 
because transistor TR4 has, like 
TR2, a collector load of 2kS2 and 
the collector load of TR3 is of the 
order of 2kû. 

When amplified and reproduced at 
reasonable volume over a large 
speaker, the output of the Fig. 2 
circuit has a distinctive quality 
which should particularly impress 
the layman, this being partly due 
to a slight change in frequency at 
the start of each of the rapid 
"bleeps ". A considerable change of 
frequency is available by varying 
the incident light falling on the 
ORP12, the frequency increasing 
with light intensity. If the ORP12 
is mounted in a tube with a small 
convex lens at the open end, as in 
Fig. 3, it will become markedly 
directional, causing changes in fre- 
quency as it is directed around a 
room. It can, for instance, detect 
the difference between white and 
coloured paper due to the different 
amounts of light reflected from the 
paper. The lens can be any in- 
expensive "magnifying glass ", posi- 
tioned slightly less than its focal 
length from the light- sensitive sur- 
face of the cell. This positioning 
enables maximum illumination of 
the light- sensitive area to be achieved. 
The focal length of the lens may be 
found by causing it to reproduce 
the image of an electric light bulb 
on a piece of paper. The distance 
between the paper and the lens is 
then the focal length. 

If the circuit is to be used to 
indicate the interruption of a light 
beam, it may be helpful to remember 
that very nearly minimum resistance 
in an ORP12 mounted in an assembly 
such as that of Fig. 3 can be achieved 
with a 6 volt 0.3 amp cycle dynamo 
bulb mounted about 2ft away from 
the lens. If the 6 volt bulb is fitted 
with an efficient reflector, the 
distance may be 6ft or more. 

® **** 
We wish all our readers 0 o 

- 
a ver y Happy Christmas 

44 o 
and a Prosperous New Year-Editor p a 
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type was 

Low-ot Capacitance Meter 
by ¢. A. STANTON 

Details of an inexpensive instrument which provides accurate measurements 
of very low values of capacitance 

FROM TIME TO TIME IN THE COURSE OF CON- 

structing experimental equipment it is often 
desirable, and sometimes essential, to be able 

to measure small values of capacitance. To find 
-for example -the swing of a particular variable 
capacitor, or the capacitance of a specific length of 
coaxial cable, or even the "strays" presented by a 
certain layout. For such purposes the normal 
Wheatstone bridge type of instrument is frequently 
inadequate, being difficult to manipulate for values 
below 100pF. The instrument described here has, 
in consequence, been constructed to meet this 
need. 

Basic Circuit 
The basic circuit of the instrument is shown in 

Fig. 1, and from this the principle of operation can 
be readily studied. TRI is a straightforward Pierce 
type crystal oscillator, the output of which is fed 
to TR2. This acts as a buffer amplifier and in turn 
feeds the parallel tuned circuit given by L and VC. 
The tuned circuit is so arranged that when VC 
is set at its maximum capacitance the circuit reson- 
ates at the frequency generated by the crystal 

Xtal 

TRI 

oscillator. TR3 is a simple resonance indicator, 
the point of resonance being shown by maximum 
reading in the indicating meter. 

Operation of the instrument is simple. If a small 
unknown capacitance is connected across the Test 
terminals, VC will have to be reduced in value in 
order to bring the circuit back to resonance. The 
amount by which the value of VC needs to be 
reduced will then indicate the unknown capacitance. 
If VC is adjusted by way of a suitable scale then 
the instrument can be made direct reading, and 
accuracy will depend entirely upon the accuracy 
of calibration and the ease with which the scale 
can be read. The range will be determined by the 
maximum capacitance of VC. Thus, if this is made 
100pF then the instrument will read from zero 
to very nearly this figure. 

Practical Version 
The simple circuit just described would be of 

limited use in practice, and Fig. 2 gives a practical 
arrangement developed from it which has proved 
to be a very versatile piece of test gear. The proto- 

designed to use components that were at 

OIndicating 
meter 

+ 

VC 
Test 

terminals 

TR3 

Fig. 1. The basic circuit. This demonstrates the 
method of operation of the capacitance meter 
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R5 

9 

SI 
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Indicating 
meter 

R6 

TRZ 

R7; 

Fig. 2. The practical circuit developed from Fig. 1. 

This is capable of measuring capacitances below 
100pF with high accuracy 

r c5 C7 

Test ° 
terminals 

rcIO 

C 
o 
M 
P 
o 
N 
E 
N 
T 
S 

Resistors 
(All resistors T1 watt 10 %) 

R1 15kû 
R2 3.3kû 
R3 1kû 
R4 4.7kû 
R5 22kû 
R6 4.7kû 
R7 lkû 
R8 33kû 
R9 4.7kû 

Capacitors 
C1 500pF silver -mica or ceramic 
C2 0.002µF paper 
C3 10pF silver -mica or ceramic 
C4 0.002µF paper 
C5 100pF silver -mica 
C6 25pF variable 
C7 100pF variable 
Cg 10pF silver -mica 
C9 0.1µF paper 
Cio 0.01µF paper 

Semiconductors 
TRI 0C44 
TR2 0C44 
TR3 0C45 
D1 OA91 

Coil 
L1 Maxi -Q coil, Red, Range 3 (Denco) 

Crystal 
Xtal (see text) 

Meter 
0 -lmA moving -coil meter 

Switch 
S1 s.p.s.t. switch 

Battery 
4.5 volt battery 

hand and was built entirely out of the spares box. 
For this reason TR1 and TR2 are both 0C44's 
and TR3 is an 0C45. Other types having similar 
performances could easily be substituted providing 
the circuit values were adjusted to suit. Again, 
the diode D1 in the original is an 0A91, but any 
small germanium diode can be used. The meter 
suggested as an indicator can be any moving coil 
type with a full scale reading of 1mA. It could of 
course be a meter external to the unit, or even a 
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multimeter switched to the appropriate range. 
The only critical components are in fact the 

crystal and those composing the tuned circuit 
itself, and these are only critical in the sense that 
they must work correctly with each other in terms 
of the frequency. In the author's case the crystal 
(a surplus type) has a frequency near 2.5 Mc /s, 
whilst L1 is a Denco Range 3 Red coil which is 
tuned by C5, C6 and C7 in parallel.1 Of these C7 is 
the main "tuning" capacitor (i.e. VC in the preceding 
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explanation). C6 is a small trimmer which enables 
the instrument to be zeroed in use. C5 is important 
not only to "pad" the circuit but also to prevent 
it tuning to an unwanted harmonic. 

The stability of the calibration will depend 
upon the tuned circuit and here good quality 
components must be used. C6 and C7 should be 
air -spaced types with ceramic insulation, whilst 
C5 should be silver -mica. 

With the circuit as it stands any crystal with a 
frequency between 2.1 Mc /s and 2.6 Mc /s can be 
used, the exact frequency being quite unimportant. 
Odd frequency types can often be purchased very 
cheaply from surplus stores and one of these would 
serve equally as well as any other. By experimenting 
with different values of C5, crystals slightly outside 
the 2.1 to 2.6 Mc /s range could also be utilised. 
For instance, an increase in C5 would enable 
crystals in the amateur 1.8 to 2.0 Mc /s band to be 
used. By experimenting with different values of 
inductance for L1 a crystal quite outside the above 
range could again be used.2 

It may be necessary to adjust the value of Rs 
if the transistor in the TR3 position exhibits a 
widely differing gain from that occurring in the 
prototype. A transistor with higher gain will 
require a higher value in R8. 

Construction 
Construction will depend upon the components 

available and especially upon the tuning capacitor 
and meter employed. The original was built upon 
a Paxolin panel with a small sub -chassis holding 
the crystal, transistors and tuning coil. Power is 
supplied by a "flat" 4.5 volt torch battery, the total 
consumption being under 5mA. The whole unit 
fits into -a small plywood box. 

Calibration 
Before calibrating the unit the tuned circuit 

t The coil employed by the writer is the Maxi -Q type which fits 
in an octal valveholder. Its normal function is that of superhet 
oscillator coil (i.f. =465 kc /s) for a signal frequency range of 1.67 
to 5.3 Mc /s. Pins 3 and 7 connect to the tuned winding. -EDITOR. 

2A range of crystals between 2.1 and 2.6 Mc /s is available from 
Henry's Radio Ltd. -EDITOR. 

must be adjusted for resonance. To do this C7 
is set at its maximum capacitance and C6 is set at 
half capacitance. The core of L1 is then adjusted 
for maximum reading on the indicating meter. 
The maximum point should be quite definite, but 
final adjustment can be made by a slight movement 
of C6, ensuring that this is capable of passing 
through the peak. The instrument is now ready 
for calibration and this can be carried out by 
connecting known values of capacitance across the 
Test terminals. As each value is connected the 
meter will drop in reading and C7 will need to be 
adjusted to bring it back to its maximum. The 
point indicated on the dial for C7 will represent 
the value of the capacitance connected. If sufficient 
known capacitances are available these can be used 
to complete the calibration; if insufficient are 
available a graph can be drawn and the required 
calibration points interpolated from this. It need 
hardly be stressed that the calibration will only 
be as good as the "standards" employed in this 
way, and in the care taken in the calibration process. 

The Instrument In Use 
Before any measurements are taken, C7 should 

always be set at its maximum capacitance (i.e. 
zero on the calibration) and C6 adjusted if necessary 
for maximum meter indication. Most capacitors 
to be checked can be connected directly across 
the Test terminals. For some purposes, however, 
it will be necessary to use external leads in order to 
connect the instrument to the component to be 
measured. In these cases the leads should be con- 
nected to the instrument only at first, C6 then being 
used to balance out their self -capacitance. After 
this has been done the component can be connected 
and its capacitance alone will be measured. 

Apart from indicating the value of a capacitor 
the unit will also give a rough indication of the 
Q or goodness of the component under test. This 
is due to the fact that a component with a low Q 
will introduce losses into the tuned circuit and there- 
fore result in a lower maximum reading on the 
indicating meter. 

All in all the unit will prove to be a most useful 
addition to any test bench. 

NEW BRIMAR VALVE BOOKLET 

The Brimar Data List No. 33 has been completely redesigned specially for dealers' maintenance technicians. The 

abridged data, given in a modernised easy -to -read form, covers 542 BRIMAR valve and Teletube types. Virtually every 

valve type ever sold by BRIMAR is given in one continuous alpha- numerical sequence. This makes it unnecessary to 
know in advance whether the valve is a Special Quality, Industrial or Commercial type or whether it is Current or Obsolete. 
Each vals^ is given a "Sales Classification" (Current, Maintenance, Obsolescent or Obsolete) so that the technician has 

an indication of availability. 
Among the useful ancillary matter are some notes on the use of the new 625 -line Test Card and a table detailing 

Special Quality valves which may be used as plug -in replacements for certain commercial valves. The expanded Equivalents 

List now covers 1220 valves and Teletubes including CV types. 
Copies of the BRIMAR Data List No. 33 are now available from BRIMAR valve Representatives, some BRIMAR 

wholesalers or direct from - 
BRIMAR Publicity Department, 
Thorn -AEI Radio Valves & Tubes Ltd., 
7, Soho Square, 
London W.1. 

DECEMBER 1966 275 



NEWS . 

STC Enters Radio and Electronics 
Hobbies Market 

One of Britain's largest electronic companies, Standard Telephones and 
Cables Limited, has entered the radio and electronics hobbies market, both at 
home and abroad. 

It has acquired the business patents and other assets of Electroniques (Felix- 
stowe) Limited, a company well known for its high quality products for amateur 
communications, and has incorporated this enterprise into a new fully com- 
prehensive electronic component /equipment supply service specially tailored 
to meet the requirements of the radio and electronics enthusiast. 

Operating under the name Electroniques (proprietors STC Ltd.), this new 
service is part of Electronic Services Division -STC, the "same -day despatch" 
organisation formed in January 1965 which supplies industry and professional 
organisations with components by return of post. 

A logical development of this highly successful industrial venture, Electroniques 
offers to hobbyists a similar rapid -supply service covering a vast selection of 
equipments, test sets, modules, components, tools and accessories -over 1,000 
items in all- constituting the largest range of electronic hobby products avail- 
able from a single source. Over 80 British and overseas manufacturers are 
represented. 

Complementing this service will be a 600 -page "Hobbies Manual" designed 
to assist all builders of equipment, whether keen beginners or experienced 
experimenters, in their construction projects. Due to be published on December 
1st (price 10/6d., post free) it will contain salient details -including prices -of 
all items offered, plus a large number of useful circuits and construction tips. 

Overseas enthusiasts can also obtain the manual and enjoy the benefits of 
the service, either direct by post, or through agents being appointed in countries 
throughout the world. 

STC are pleased to announce that the founder of Electroniques (Felixstowe) 
Limited, Mr. Ronald A. Wilson, has agreed to join the new STC organisation. 

Mr. Wilson is now technical manager at Felixstowe where the development 
and pilot production of "Electroniques" coil products and modules is being 
continued. Quantity production will be carried out by STC Modular Electronics 
Division at Rhyl, North Wales. 

The address for enquiries regarding the Electroniques hobbies supply service 
is: 

Electroniques (proprietors STC Ltd.), 
Edinburgh Way, Harlow, Essex. 
Tel: HARLOW 26777 

The portability and ease of installation of the Vigilante Audible Fire Alarm 
can be clearly seen from the above illustration 

AND . 

The R.S.G.B. 
International Radio 
Communications 

Exhibition 
The above exhibition is reported 

on another page in this journal, but 
there is a quotation from the speech 
of welcome given by the President 
of the society to H.R.H. Prince 
Philip, Duke of Edinburgh, which is 
worth quoting. The President said 
it In view of your recent return 
from South America, I feel that it is 
opportune to bring to your notice 
the action of the President of Peru 
who is a Radio Amateur and who 
has made it an offence, punishable by 
imprisonment, to reduce the size of 
the bands available for our use. It 
is probabty too much to ask for a 
similar enactment in this country 

There was not enough space in 
our report on the exhibition to 
mention two of the awards given 
to amateurs. They were: 

The Horace Freeman Trophy to 
M. H. Emmerson, G300D, for a 
transistorised s.s.o. /a.m. /c.w. trans- 
ceiver covering 160 -10 metres. 

The Thorogood Plaque to S. F. 
Weber, G8ACC, for a 7 W Transis- 
torised Transmitter for 432 Mc /s. 

Vigilante Audible 
Fire Alarm 

These notes are being written just 
prior to 5th November, therefore 
one's mind naturally runs to the 
terrible damage and loss of life which 
accidental fires can cause. 

Insurance companies are greatly 
concerned at the losses caused by 
fire, and figures recently issued 
showed annual losses in this country 
exceeding £80,000,000, that is more 
than £220,000 for every day of the 
week! Therefore it is good to hear 
of a fire alarm which is inexpensive 
(less than £10), easy to install and 
which can be moved from place to 
place as easily as an electric heater. 

The fire alarm is known as the 
"Vigilante ". It is an electronic smoke 
detector with a built -in loud alarm 
buzzer which will sound off im- 
mediately it detects the presence of 
a minimum amount of smoke. 

There are no installation costs at 
all. All that is necessary is to hang 
the Vigilante in a suitable position 
and plug into the electric current. 
Because the consumption is so low 
any light or power point will do. 
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Vinyl -clad 
Radiotelephones 
for Civil Airports 

A £30,000 contract to supply 
vinyl -clad radiotelephones to the 
Ministry of Aviation, Civil Branch, 
has been secured by British Com- 
munications Corporation Ltd. The 
mobile transceivers, which will soon 
be in general use in perimeter 
vehicles at Civil Airports throughout 
the U.K., were displayed at the 
Farnborough International Air Show. 

At London Airport an aircraft 
takes -off or lands every two minutes 
throughout the day and this requires 
ground and air control of the 
highest calibre. Patrol cars, ambu- 
lances, and fire tenders equipped 
with radiotelephones stand by on 
continuous "listening watch" ready 
to move quickly into action to deal 
with any emergency. 

The case and mounting of the 
BCC 81 radiotelephone are carefully 
designed in Bondene pvc -clad alum- 
inium to give the advantages of light 
weight, toughness, and durable colour 
finish in keeping with modern 
vehicle design. 

The BCC 81 is a compact 5 
watt a.m. v.h.f. set with up to date 
circuit design, fully transistorised 
receiver, and crystal filter selectivity 
to ensure excellent performance for 
medium range communication. 
Single and six channel versions are 
available and a public address 
facility is included as an optional 
item. 

The Royal Television 
Society 

It was announced recently that 
Her Majesty, The Queen has been 
graciously pleased to command that 
The Television Society shall now 
be known as 

"The Royal Television Society ". 
This is a great honour for the 

Society and it follows work which 
the Council and Secretariat have 
been undertaking during the last 
two years. The Society is especially 
pleased that this honour has been 
bestowed at the beginning of its 
40th Anniversary year and it high- 
lights the contributions which mem- 
bers of the Society have made to 
the development of British television. 

This also means that, for the first 
time, the art of television has been 
officially and separately recognised 
in this way. 
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COMMENT 

Medium range mobile radiotelephone produced by British Communications 
Corporation Ltd. 

Radio amateurs and tape recording enthusiasts who are looking for a sensitive 
versatile microphone will welcome the first kit -mike by Philips, available from 
Peto Scott of Weybridge, shown below. 

It takes approximately 3 hours to assemble and costs only 7 guineas. 
The kit contains everything needed to assemble and use the microphone, 

including a stand for table or desk use, and a cord and clip for wearing around 
the neck. The microphone can also be hand held, hung from an overhead 
bracket or fitted onto a professional stand. The mic, has an unobtrusive on- 
off switch on one side. 

Direction for assembly are illustrated, step by step, in a well- designed booklet. 

nana 
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Medium Wave 
Transistor Preamplifier 
by R. L. A. BORROW, B.Sc. 

A single transistor preamplifier which, by virtue of having a high 
input impedance and a relatively low output impedance, can offer 

a significant improvement in car radio reception 

WHEN DESIGNING A RADIO RE- 

ceiver for use in a car one 
is faced with a large number 

of conflicting requirements. The 
ideal receiver would pick up the 
weakest signals, give high fidelity 
reproduction and be quite immune 
from any traces of interference. 
These requirements are difficult 
enough to meet when designing 
for a fixed location but in a car 
they become almost impossible, 
since sources of interference are 
many and varied and the design of 
an aerial system is subject to severe 
limitations. 

Consideration of these factors 
usually leads to a receiver in- 
corporating one stage of radio 

frequency amplification preceding 
a mixer /oscillator. These are fol- 
lowed by several stages of inter- 
mediate frequency amplification, a 
diode detector and a low frequency 
amplifier of moderate gain and 
power output. This type of receiver 
provides a satisfactory service in 
most locations but does not give 
sufficient sensitivity to enable all 
programmes to be received in all 
parts of the country. An extra 
stage of high frequency amplification 
improves reception enormously but 
to incorporate this in the receiver 
is difficult, expensive and almost 
impossible without considerable in- 
crease in size 

Input 
socket 

1Off 
C 

Sia 
On 

Tcl 

C2 

RI 

TRI 

OC 170 

Output 

Off' 
socket 

On Slb 
C4 

SIC 

On Off 

o 
Car 
chassis 

The circuit of the preamplifier. A screened wire connects the aerial to the 
input socket, and a second screened wire connects the output socket to the 

radio 

sio 

BI 

is 
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Aerial Preamplifier 
One solution to this problem 

can be found in the design of an 
aerial preamplifier. An untuned 
single transistor amplifier will pro- 
duce some gain in sensitivity. 
Also if fitted close to the aerial it 
can be designed to provide matching 
to the aerial feed cable. However, 
such an amplifier, being unselective, 

Resi: 
(All 

RI 
R, 
R; 
R, 

OMPONENTS 
Mors 
resistors 4 watt 10%) 

15kû 
2.2kû 
10kû 
1kû 

Capa 
CI 
C2 
C3 
C4 
C5 

citors 
10pF ceramic or silver -mica 
500pF variable 
0.11,F paper 
0.01µF paper 
0.1µF paper 

Inductor 
LI,2. Medium wave coil with 

coupling winding (see text) 

Transistor 
TRI OC170 

Switch 
SI(a), (b), (c) 3 -pole 2 -way, rotary 

Battery 
B1 3 -volt battery 

Sockets 
Input and output coaxial sockets 
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increases noise level and may cause 
trouble to be experienced with 
interference between stations close 
together in frequency. 

A much more satisfactory solution 
is found in a tuned amplifying 
stage placed between the aerial and 
the receiver. This increases the 
strength of the wanted signal and 
can improve the selectivity of the 
system as a whole. The disadvantage 
of such an amplifier is that it has 
to be tuned separately from the 
receiver. However, if the switching 
is such that the preamplifier can be 
cut out of circuit, then the weak 
signal can be tuned in on the re- 
ceiver first, after which the amplifier 
is switched in and its tuning adjusted. 

The amplifier about to be de- 
scribed was arrived at after much 
experimental work with different 
types of circuit. No spectacular 
results should be expected but the 
gain is such that many programmes 
can be received at entertainment 
level which would otherwise be 
only just audible. The main use 
has been found when on camping 
trips in the North of Scotland. 
Some campers expect to be able to 
listen to the usual Pop stations 
even when camping in the remotest 
Scottish glen. The amplifier has 
been found to open up a number of 
these remote situations to the de- 
mands of this section of our com- 
munity. 

The Circuit 
Several types of transistor were 

tried and an OC170 was found to 
be the most suitable among those 
readily available at small cost. 
The circuit is shown in the ac- 
companying diagram. The aerial is 
coupled via a small capacitor to 
the top end of the tuned circuit. 
A 3 -7 turn coupling coil fitted at the 
earthy end of the tuned coil feeds 
into the base of the transistor, 
which has a 10kS2 load in its col- 
lector circuit. The output is fed 
to the receiver via a 0.011.LF capacitor. 

The tuning coil used in the 
amplifier was designed to have a 
high Q in order to achieve a high 
value of selectivity. The author's 
version consists of 40 turns of 
litz wire close -wound on a former 
lin diameter and lin in length. 
The core consists of a short piece 
of ferrite rod fitting into the former. 
However, any medium wave coil 
of suitable inductance may be used, 
but it should be remembered that 
the higher the Q the better the 
selectivity. The coil is tuned by a 
500pF variable capacitor. 

The unit is powered by a 3 volt 
dry battery housed inside the case. 
For optimum results the supply 
voltage applied to the amplifier 
needs to lie within certain limits. 
In this case it was found that the 
gain increased as the voltage was 
raised but that the amplifier be- 

came unstable at 4.5 volts. At 3 

volts the stability was good and the 
gain adequate. The current re- 
quirement as specified is only 
about 0.3mA at 3 volts. 

A three -pole two -way switch has 
been incorporated in the preamplifier 
so that in the "Off" position the 
aerial is fed direct to the receiver 
and the power supply to the amplifier 
is cut off.* 

All the components are mounted 
on a plastic panel measuring 62ins 
by 3ins and the whole is housed in 
a wooden box 61 x 3 x 2ins. 
This arrangement has been found 
satisfactory since the amplifier is 
normally only used when the car 
is stationary. If the unit is to be 
used when all the car electrics are 
functioning it would be worth 
using a metal box and metal panel 
and ensuring that all the screening 
of input and output circuits was 
complete. 

* Instability with the circuit, as shown in 
the diagram, may be due to capacitive 
feedback between switch sections in Si(a) 
and Si(b). Thus, a small stray capacitance 
exists between C4 and the linking wire back 
to Si(a), and a further stray capacitance 
between this linking wire and C1. A fourth 
switch pole, which connected the linking 
wire to the positive supply line when the pre- 
amplifier is switched on, would eradicate 
this source of feedback. -EDITOR. 

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 

"I should like to place on record my appreciation of the Can Anyone Help ?" service in your publication The Radio 
Constructor, August issue. Not only did I get the Manual I was seeking but the sender gave me some good advice and 
information." 

"I cannot speak too highly of The Radio Constructor which succeeded where others had failed. " -Reader's letter, 
one of many that we have received over the years that this feature has been running. 

Beam -Echo AM /FM Tuner BM611.-Cpl. B. W. 
Parker, 4 Squadron, 30 Signal Regt., Blandford, 
Dorset, - borrow or purchase service sheet or 
circuit. 

R103 Receiver Mk 1. -R. E. Boxell, 33 Northfield 
Road, Enfield, Middx., -circuit diagram or any 
information. 

Spencer West TV S181.-J. Chatterton, 230 
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Brownley Road, Wythenshawe, Manchester 22,- 
service sheet or manual. 

Receiver Type 78. -R. A. Krakeel, 28 Mount 
Ephraim Road, London. SW 16,- circuit or any 
information. 

Jason Everest Portable Receiver. -R. J. Goodman, 
26 Killarney Road, London. SW 18, alignment data 
for this transistor portable. 
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I 
N LAST MONTH'S ISSUE WE INTRODUCED THE THREE - 
stage receiver which forms the second of the 
constructional projects in the "Understanding 

Radio" series. The circuit design was discussed and 
details were given of chassis assembly. We shall now 
proceed to construction and wiring. 
Construction 

Fig. 1 shows the layout of the components above 
the chassis. The first component to be fitted is the 
tuning capacitor, C1. As was explained last month 
this may be either a single -gang or two -gang com- 
ponent, the two -gang capacitor being used if the 
reader intends to add the r.f. amplifier stage which 
will be described at a later date. The instructions 
which follow apply to either type of capacitor. It 
should be added that, during assembly of the receiver, 
the moving vanes of the capacitor should always be 
kept closed to prevent their being accidentally bent 
out of position. This point applies, incidentally, to 
any constructional work involving air -spaced variable 
capacitors. 

First, obtain the tuning dial and drive assembly 
specified in the Components List. This is fitted with a 
drive mounting bracket wbnsP hnri7nntal sPrtinn 

this stage since the tuning capacitor tag is a little 
difficult to reach when the capacitor is fitted, and the 
wire should project sideways in the direction 
indicated in Fig. 1. 

Insert the tuning capacitor shaft into the bush of 
the drive assembly. Pass a 14ín. 6BA screw with a 
washer under its head through the rear bracket of the 
capacitor and through two tin. Lektrokit spacers. 
It will be found possible to locate three *in. holes in 
the Chassis Plate No. 1 which will accommodate this 
screw, as well as similar screws through the two front 
brackets, whilst allowing the capacitor to sit verti- 
cally with good engagement of its shaft in the bush 
of the drive assembly. Under the Chassis Plate, 
loosely tighten a nut on to the 6BA bolt at the back 
bracket and similarly fit 1,' -in. 6BA screws, washers, 
spacers and nuts to the two front brackets of the 
capacitor. When the constructor has satisfied 
himself that the correct holes in the Chassis Plate 
have been selected the three 6BA screws can be finally 
tightened up. The method of assembly is shown in 
Fig. 2. Next, tighten the drive mounting screws 
(Fig. 2) on the drive assembly, ensuring that the 
scale is horizontal. Fit the large knob type K403 to 

1 

-2711/LC 

Constructing the 
3 -Stage Receiver 

by W. 

will very probably project forward. Remove the two 
drive mounting screws and re -fit the drive mounting 
bracket so that its horizontal section projects to the 
rear, as in Fig. 2. Secure the drive mounting bracket 
with 613A 4in. screws and nuts to two holes in the 
front row of bin. holes in the Chassis Plate No. 1 so 
that it is positioned centrally on the plate, as illustra- 
ted in Fig. 1. 

Slightly slacken the two drive mounting screws so 
that the drive and scale assembly can be adjusted for 
height. Unscrew the spindle securing screw (see Fig. 
2), or screws if more than one are fitted, so that a 
/in. shaft is free to move in and out of the bush. 

Take up the tuning capacitor and solder a Sin. 
length of wire to the lower fixed vane tag (of the front 
section, if the two -gang capacitor is used). It is 
desirable to use a thick wire here, since it enters the 
tuned circuit, and 14 s.w.g. bare tinned copper or 
similar will be satisfactory. This wire is connected at 
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f. Morley 

the tuning drive spindle and rotate it so that the 
pointer indicates 100. Then tighten the spindle 
securing screw and ensure that the tuning capacitor 
may be reliably adjusted over its full range with 
minimum capacitance corresponding to zero on the 
scale and maximum capacitance to 100 on the scale. 
Leave the capacitor with its vanes fully enmeshed 
before proceeding further. 

The remaining assembly work simply consists of 
bolting components direct to the Chassis Plates, and 
proceeds in the following manner. 

Turn the chassis over and secure the four 5 -way 
tagstrips in the manner illustrated in Fig. 3. 6BA 4in. 
screws are used with their heads above the chassis. 
The tags are numbered in Fig. 3 and subsequent 
under -chassis diagrams for ease of reference when 
wiring is carried out. The dimensions given in 
Fig. 3 are approximate and intended for guidance 
only as the positions of the tagstrips are not excessive- 
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L.,1 

Cut a 4 -way section from the barrier terminal 
strip and clean up as necessary. Fit this in the 
position shown in Fig. 1 with two 6BA tin. screws. 
It should be found that the two outside mounting 
holes in the terminal strip coincide with holes in the 
Lektrokit Chassis Plate. 

Fit two lead- through insulators to the front of the 
transformer, as in Fig. 1. These may be conveniently 
inserted in the second row of tin. holes from the 

Lead- through insulators 

FRONT 

To moving vanes Lead- through 
insulator 

c) 

blue 
n 

IJ I- 

O l00 
(oo u 

0- 
Solder tag 

O 
'N 

VI® 

s ° 

a°° v2 O 

0 
"LJ 

n } J 
j` 

1 
green ®,+ ed 

U 000 0000 

Common I I n 
Solder tag Terminal strip 

2.5n 

To fixed vanes 

REAR 

1 Earth N 
Aerial Terminal strip 

Fig. 1. The layout of components above the chassis. Also shown is the above- chassis wiring 

ly critical. 
Turn the chassis over again, and fit T1 in the position 

shown in Fig. I. This is secured with four 6BA 
screws, three of which have washers under their heads 
to accommodate the wide mounting slots of the 
transformer, whilst the fourth has a solder tag under 
its head which also performs service as a washer. 
Ensure that the transformer is mounted with its 
blue leads at the front. 

A top view of the receiver, showing the positions of the major components 

DECEMBER 1966 281 



Drive mounting 
screw 

Drive mounting 
bracket 

Spindle securing screw 

CI 

Film 
N...Laud 2i iín is 

6BA washer 

3 /8`spacers 

Fixed vanes Moving vanes Chassis plate 
tag tag 

Fig. 2. How the tuning capacitor is mounted. Again, 
wiring details are given 

front in the Chassis Plate. 
Fit the valveholders for V1, V2 and L1 in the posi- 

tions indicated in Fig. 1 and with the orientation 
shown. Note that a solder tag is secured, below 
the chassis, under one of the mounting nuts for Vi 
valveholder, and that another is similarly mounted at 
L1 valveholder. The positions of these tags are 
shown in Fig. 4. 

Returning to Fig. 1, fit two lead- through insulators 
between the tuning capacitor and L1 valveholder, as 
shown. These may be inserted at the extreme right 
(tuning drive knob towards the reader) of the 
Chassis Plate No. 1 on which the tuning capacitor is 
mounted. 

Cut a 2 -way section from the barrier terminal 
strip, clean up as necessary, and secure with a single 
6BA *in. bolt in the position shown in Fig. 1. This 
provides the aerial and earth terminals, and should 
line up with the 4 -way terminal strip behind T1. 

Secure a solder tag to the Chassis Plate No. 2 in 
front of the 2 -way terminal strip, as shown in Fig. 1, 
usina a 6BA Tin. screw and nut. Also as in Fia. 1, fit 

REAR 

a lead -through insulator in front of the 2 -way 
terminal strip. 

Finally take the fin. grommet and fit it to the end 
U -slot of the rear Chassis Rail as shown in Fig. 4. 
Secure it in position by a wire passed through the 
Chassis Rail holes on either side (as was shown, for 
the similar grommet in the power supply unit, in 
Fig. 6 (e) in the October issue.) 

Component assembly is now complete. 
Above- Chassis Wiring 

In the wiring instructions which follow, all con- 
nections are made with insulated wire unless other- 
wise stated. In some cases sleeving is fitted over 
component lead -out wires to obviate the risk of 
short- circuits to adjacent tags and wires. It is 
understood that the lead -out wires of resistors 
and capacitors are shortened as necessary to achieve 
a neat layout. Joints should only be soldered when 
stated. 

Wiring above the chassis comes first, and this 
follows the wiring details given in Fig. 1. 

1. Connect the earth terminal (at the right of the 
diagram) to the adjacent chassis solder tag. Solder 
at the tag. 

2. Connect the aerial terminal to the adjacent 
lead- through insulator, soldering at the insulator. 

3. Connect the 3in. length of wire, which was 
soldered to the fixed vanes of the tuning capacitor 
before the capacitor was mounted, to the adjacent 
lead- through insulator, shortening as necessary, (see 
Fig. 1). This wire should be kept as short as possible. 
Solder at the insulator. 

4. The moving vane tag of the tuning capacitor 
is next connected into circuit and, since this connec- 
tion also enters the tuned circuit, a thick wire of the 
same type as was used in Step 3 is required. 
Using this wire, connect the moving vane tag to the 
remaining lead- through insulator, keeping the wire 
as short as possible, (see Fig. 1). Solder at the tag 
and at the insulator. 

5. Connect the blue leads from transformer T1 to 
the adjacent lead- through insulators, shortening as 
necessary. It is immaterial which lead goes to which 

III/4 

r1_1 _ Iiii 

13/8 II 12 13 14 IS O O 

O O 

__. __. _ 

I 2 3 4 5 

~3 1/4 --- 
I7/8/ 

6 7 8 9 10 

16 17 18 19 20 

Oh 

,/ 

CJ 

3 21/2-.- 4 

Í 1 

FRONT 

Fig. 3. Fitting the 5 -way tagstrips below the chassis. The dimensions shown here are approximate and intended for guidance 
only 
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REAR Lead- through insulators 

fitted i fig.] 

: 

D _ . . . . . rJ 
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Lead- through insulators fitted in lig.l Solder tag 

FRONT 

Fig. 4. First steps in under -chassis wiring 

\3 *lead 

tag. Solder at the insulators. 
6. Connect, and solder, a short lead to the 

chassis solder tag under the securing screw for Ti. 
The lead should have correct length for fitting to the 
common terminal of the adjacent 4 -way terminal 
strip. 

7. Clean the insulation from the secondary 
lead -outs of T1 so that they may be fitted to the 4 -way 
strip. Some of these lead -outs consist of enamelled 
wire and the enamel must be scraped off before 

connections are made. It is a good plan to tin the 
wire after the enamel has been removed to ensure that 
a reliable connection is likely to be made, and then 
to bend the tinned section back on itself so that a 
double thickness of wire is inserted into the connec- 
tor of the terminal strip. Solder the free end of the 
wire fitted in Step 6 to the black transformer lead 
then insert the two wires, soldered together, into the 
appropriate (common) connector of the terminal 
strip. Fit the yellow, green and red leads to the 
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Under -chassis wiring. The use of Lektrokit chassis components enables a clean wiring layout to be obtained 
without cramping of parts 
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terminal strip. All these leads follow the layout 
given in Fig. 1. 

Under - Chassis Wiring 
The under -chassis wiring follows, the first steps 

being shown in Fig. 4. The tags on the four tag- 
strips will be referred to by the numbers given to 
them in this diagram and in Fig. 3. 

8. Connect tag 2 to pin 5 of V2 and tag 4 to pin 4 
of V2. The two wires run alongside each other and 
close to the underside of the chassis. Although these 
are in the heater circuit, the wires need not be 
twisted together. 

9. Connect one end of a 5in. length of wire to 
pin 4 of V2 and one end of a second 5in. length of 
wire to pin 5 of V2. Solder at pins 4 and 5. 

10. Twist the two wires just fitted tightly together 
and, shortening as necessary, connect one wire to 
pin 9 of VI and the other to the chassis solder tag 
adjacent to that pin. It is immaterial which way 
round the wires connect. The twisted pair should 
run close to the underside of the chassis. Solder at 
pin 9. 

11. Connect the solder tag of Step 10 to the centre 
spigot of V1. 

12. Using bare wire, connect the centre spigot 
of VI to pin 4 of V1. Similarly using bare wire 
connect pin 4 of Vi to pins 3 and 5 on either side. 
Solder all connections which have been made to the 
centre spigot, and at pins 3, 4 and 5. 

13. Following the layout of Fig. 4 connect tag 6 
to the adjacent lead- through insulator. Similarly 
connect tag 10 to the remaining lead- through 
insulator. Solder at both insulators. 

14. Fitting sleeving over its lead -out wires, 
connect Rt1 between tags 8 and 9. Solder at tag 8. 

15. Following the layout of Fig. 4, and fitting 
sleeving over its lead -out wires, connect Clo between 
tag 3 and tag 9, with the positive lead -out to tag 9. 

16. Connect R9 between tags 7 and 10. 
17. Connect C9 between tags 6 and 7. Solder at 

tag 7. 
18. Connect tag 6 to tag 5. Solder at tag 6. 
19. Prepare both ends of the 4 -core power lead. 

This may be conveniently about a yard in length 
before fitting. Connect the leads at one end to pins 1, 
4, 5 and 8 of the octal plug. The connections at the 
pins are made by passing the stripped wire of the 
appropriate lead down the pin and soldering at the 
pin tip, after which the excess wire is cut off. The 
pins are numbered in the plug moulding. 

20. Pass the other end of the power cable 
through the 4in. grommet on the rear Chassis Rail 
and clamp it as indicated in Fig. 4 using a 6BA 4in. 
screw and the Lektrokit Plastic Clip No. 3 or a suit- 
able alternative clamp. If a metal clamp is employed, 
fit sleeving or several layers of p.v.c. insulating tape 
around the cord at the point of clamping to prevent 
direct contact with the power lead insulation. 

21. Connect the power lead wires as follows : the 
wire from pin 1 of the octal plug to tag 2, the wire 
from pin 8 of the octal plug to tag 4, the wire from 
pin 4 of the octal plug to tag 5, and the wire from pin 
5 of the octal plug to tag 3. Take care not to acci- 
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dentally transpose the wires from pins 4 and 5: pin 4 is 
h.t. positive and pin 5 is chassis. It is assumed that the 
constructor will be able to trace the wires through the 
power lead, either by a colour code in the wires 
themselves or by the use of a continuity meter (which 
could consist, it its simplest form, of a torch battery 
in series with a bulb). Solder at tags 2 and 4. 

22. Fitting sleeving over its lead -out wires, 
connect C11 to tags 3 and 5 with positive to tag 5. 
Solder at tag 3. 

23. Connect tag 5 to pin 8 of V2. Solder at tag 5. 
24. Connect pin 8 of V2 to tag 17. Solder at pin 8. 
25. Connect pin 3 of V2 to pin 9 of V2. Solder at 

pin 3. 
26. Connect pin 6 of Vi to tag 16. Solder at pin 6. 
27. Connect R6 between tags 16 and 17. 
28. Fitting sleeving over its lead -out wires, 

connect C7 between tags 18 and 19, with positive 
to tag 19. Keep this component fairly close to the 
chassis underside, as R7 is fitted above it later. 

29. Fitting sleeving over its lead -out wires, 
connect C4 between tags 18 and 20, with positive to 
tag 20. 

30. Connect tag 20 to tag 11. 
31. Connect R4 between tag 11 and tag 12. Sol- 

der at tag 11. 
32. Connect R5 between tag 12 and tag 15. 
33. Connect tag 15 to pin 1 of V1. Solder at tag 

15. 
34. Connect C6 between tags 12 and 14. Keep 

this component fairly close to the chassis under side 
as C5 is fitted above it later. 

35. Connect C2 between pin 2 of Vi and pin 5 of 
the valveholder for coil L1. Keep C2 lead -out wires 
reasonably short, whilst following the layout in 
Fig. 4. 

36. Connect pin 8 of V1 to tag 19. Solder at pin 8. 
37. Connect the centre spigot of Lt valveholder 

to the adjacent chassis tag. 
38. Using three pieces of bare wire, connect the 

centre spigot of L1 to pins 2, 4 and 9 of L1. Solder at 
pins 2, 4 and 9. 

39. Using the same thick wire as was employed 
in Steps 3 and 4, and following the layout shown in 
Fig. 4, connect the front lead -through insulator on 
the tuning capacitor Chassis Plate to the centre 
spigot of L1 valveholder. Keep this wire as short as 
possible, but route it so that it passes over pin 9 
(whereupon there is no risk of a short- circuit to pin 8). 
Solder all the connections which have been made to 
the centre spigot of L1. Solder also at the lead- 
through insulator. (Fig. 4 may give the impression 
that the wire just fitted is connected to pin 9 of Li, but 
the actual connection is at the spigot.) 

40. Using the same thick wire as in the last Step, 
connect the remaining lead -through insulator on the 
tuning capacitor Chassis Plate to pin 5 of L1 valve- 
holder. Keep the wire as short as possible. Solder at 
the lead -through insulator and at pin 5. 

41. Connect one end of a Sin. length of wire to 
the chassis tag adjacent to L1 valveholder. Solder at 
the tag. The free end of this wire will later be connec- 
ted to the reaction potentiometer, R1. 

(Continued on page 302) 
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A neat I 

The 

"Handyamp" 
by Wilfred Smith 

ow -cost amplifier which requires a 3 -v 

THE LITTLE POWER AMPLIFIER 
which is described here has 
given a good account of 

itself during tests. It uses only 
two transistors and, working from 
a 3 volt supply, provides an output 
greater than that given by the 
smaller transistor radios. It uses a 
minimum of components and these 
are readily available to the con - 
structor. Although an OC81M 
was used in the TR1 position in 
the prototype, an equally suitable 
alternative would be an 0081, or, 
even, an OC81D. 

The Circuit 
The amplifier is a 2 stage unit 

with direct coupling between the 
two transistors. As is shown in 
the circuit diagram of Fig. 1, 
TR1 operates in the common - 
collector mode, offering a relatively 
high input impedance, whilst TR2 
functions as a common -emitter 
amplifier. TR2 feeds directly into a 
1052 loudspeaker, thus eliminating 
the output transformer. Any size 
loudspeaker of Ion impedance 
should be suitable, but some of 

Input 
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Fig. 2. How the Paxolin board is drilled. Holes "X" are ¡in. and holes 
"Y" are 4BA clearance 

those fitted to the smaller transistor 
portable radios may not be able 
to handle the audio applied to them. 

Negative feedback is applied, to 
widen the frequency response, by 
means of R3, this resistor being 

1=1( 

IOn 
loudspeaker 

SI I 

óC2 
3V 

..t.. 

battery + 

Fig. 1. The circuit of the "Handyamp" 

Resistors 
(All watt 10%) 

R1 5.6k S2 

R2 2700 
R3 15kS2 

Capacitors 
C1 8µF electrolytic 6V wkg. 
C2 100µF electrolytic 6V wkg. 

Transistors 
TRi OC81M or 0081 
TR2 XC141 

Loudspeaker 
100 impedance 

Switch 
Ss s.p.s.t. on -off switch 

Battery 
3 -volt battery 

Miscellaneous 
Paxolin, 3 x 1.4ín 
4 6BA solder tags 
1 4BA solder tag 
2 4BA nuts and bolts 
4 6BA nuts and bolts 

C 
o 
M 

o 
N 
E 
N 
T 
S 
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4BA bolt Transistor 

/il 'LL/il 

4BA nut 

V/1 

LLB 

\Base(behind 
emitter) 

Emitter 

Solder tag 

Paxolin 
board 

Fig. 3. Fitting TR2 to the board 

connected between the collector 
of TR2 and the base of TRI. No 
heat sink is necessary for TR2, 
because it is only handling small 
currents as compared to its maximum 
ratings. Even after several hours 
of continuous use no rise in the 
case temperature of TR2 was ob- 
served with the prototype. 

The current consumption with 
no signal applied was found to 
be about 125mA at 3 volts. A 
convenient method of obtaining 
the 3 volt supply is given by joining 
two U2 batteries in series, and 
these will have a moderately long 
life. The prototype is now, however, 
operated from a mains supply unit. 

C2 is connected across the battery 
to provide a low supply impedance. 

Construction 
The amplifier is assembled on a 

piece of Paxolin measuring 3 x 1.4in, 
which is drilled to the dimensions 
shown in Fig. 2. In this diagram, 
holes Y are 4BA clearance and 
take the mounting bolts for TR2. 
The base and emitter lead -outs 
for TR2 then pass through the 
two áin X holes between the Y 
holes. TR2 is mounted with its 
body on the underside of the Paxolin 
board whilst the remaining compo- 

solder tags fitted, TR2 is mounted 
with its body on the underside of 
the board, and with its emitter 
and base lead -outs passing through. 
A solder tag is secured under the 
inside securing nut and this provides 
the connection to the collector. 
Fig. 3 shows the method of mounting 
TR2. 

' Wiring then proceeds as illustrated 
in Fig. 4. Care should be taken to 
prevent excessive heat when soldering 
to transistor lead -outs, and a heat 
shunt (as is given by holding the 
appropriate lead with taper -nosed 
pliers) should be applied between 
the point of application of the 
soldering iron and the body of the 

TR2 collector 3V-via Si 

LS. 

t 3V+ 

Fig. 4. Wiring the components on the board. The body of TR2 is on the 
underside 

nents are fitted above. There are 
four further X holes on the board, 
and these provide anchoring points 
for the components. A convenient 
means of anchoring is provided 
by using solder tags secured by 
6BA nuts and bolts at these points. 
The on -off switch, SI, is not mounted 
on the board. 

After the Paxolin board has 
been drilled and the four 6BA 

transistor. This injunction applies 
to all lead -outs of TRI and the base 
and emitter lead -outs of TR2. 

When wiring is complete, a 
loudspeaker, the battery and a 
switch may be connected up. Input 
signals are applied between the 
positive terminal of C1 and the 
positive supply line. A good output 
should be given with input signals 
of the order of 100mV. 

EMI Demonstrate Educational TV 

EMI Electronics recently provided a complete studio to demonstrate the use of educational TV to members of the 
Hillingdon Borough Council Education Committee. The Committee meeting had been called to finalise aspects of the 
Borough's pilot plan to link eight schools within the area with Brunel University which will be the transmitting centre. 

On three monitors screens in the main committee chamber, the audience of about 50 Committee members and 
teachers saw a 20 minute programme presented by a local Headmaster. The programme was relayed from the studio 
which EMI Electronics had completely equipped in another part of the building. The whole production was carried out 
by EMI Technical staff. 
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Using N.P.N. Silicc 
byR.N 

7 PRACTI 

Sine /square Wave Convert( 

* * * 

This characteristic makes it possible to 
simplify the design of base bias networks with 
consequent reductions in the number of 
components used, thus reducing building 
costs. It also makes it possible to use very 
large values of collector load resistance, with 
consequent high power gains. 

(b) Very low noise, making the transistors suitable 
for use in the early stages of pre -amplifiers, 
etc. 

(c) Very high cut -off frequencies, generally in the 
order of 100 Mc /s or greater, making them 
suitable for use in all types of equipment 
ranging from direct coupled a.f. amplifiers to 
radio control transmitters and v.h.f. receivers. 

(d) Low cost, generally in the range 5s. to 10s. 
each. This is, of course, lower than the cost 
of most germanium types, which have, by 
comparison, an inferior performance. 

(e) Silicon transistors can be operated at high 
temperatures, and are able to withstand con- 
siderable abuse without breaking down. 

Having considered the general advantages of this 
type of transistor, we can select just one or two 
specific types for experimental work and then go on 
to apply them to a number of practical circuits. 
The recently announced Sinclair types ST140 and 
ST141 will be used for this purpose. 

Sinclair ST140 and ST141 Transistors 
These recently announced transistors have a 

performance that is claimed to be far superior to 
any alternative types that are now available. The 
general characteristics are listed in the accompanying 
Table. 

Comparing these characteristics with those of 
alternative types it may be stated that the Sinclair 
types have a cut -off frequency several times greater 
than others, that they are able to handle collector 
currents up to 25 times greater than some alterna- 
tives, and that they are lower in price than other 
types. It will be noted that they have high power 

troloter 
44 /ifer 

/Caupled 
Amplifier 

Direct 

Silicon planar transistors have been 
appearing on the home- constructor market 
recently, and they offer a number of 
advantages when compared with 
germanium types. In this article our 
contributor describes 7 high- performance 
circuits which have been specifically de- 
signed around two newcomers to this 
field -the Sinclair n.p.n. transistors type 

ST140 and ST141 

WITHIN THE PAST YEAR OR .SO A NUMBER OF 
manufacturers and distributors have intro- 
duced ranges of low cost v.h.f. silicon 

planar n.p.n. transistors suitable for amateur use. 
These semiconductors offer a number of advantages 
over the normal germanium types, the most im- 
portant of these being as follows: 

(a) Very low leakage currents, which are not 
greatly affected by temperature variations. 

- 0224 
.. 

11 ST140 and ST141 

Fig. 1. Dimensions and lead -out layout of the ST140 
and 57141 transistors. The collector is in contact 

with the metal case 
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n Planar Transistors 

Two High 
Impedance 

Amplifiers 

Marston 

It DESIGNS 

Crystal Oscillator togv /e 
* * * qe 

handling capabilities; two transistors of this type may be fitted with heat sinks and used as the push - pull output stages of an audio power amplifier, where they are capable of delivering an output of 2 watts! This is an impressive fact when the very small physical sizes of the ST140 and ST141 are taken into account. Details of physical dimensions are shown in Fig. 1. 
The high power handling capabilities of these transistors are made possible by the internal con- struction that is employed; the collector is in contact with the transistor case, forming an ohmic link and thus making a very large effective collector area available for cooling purposes. Another unusual feature offered by these low -cost transistors is that the connecting leads are gold plated for ease of soldering and corrosion resistance. The whole assembly is very robust, making it possible to use and re -use the transistors many times over without fear of damage. This is, of course, ideal for experi- mental work. 

TABLE 

General Characteristics of Transistors Type ST140 

Type No. ST140 ST141 

le (max.) 500mA. 500mA. 
Vcbo. 20 volts. 20 volts. 
Icbo (max @ 10V). lµA. 1µA. 
Ft (@ 1timA, 5V). 400 Mc /s. 400 Mc /s. 
Ft (@ 10mA, 10V). 700 Mc /s. 700 Mc /s. 
hfe (@ 100µA). 15-40. 30 -150. 
hfe (@ 1 mA). 20 -60. 40 -200. 
hfe (@ l OmA). 20 -60. 40 -200. 
hfe (@ 100mA). 15-40. 30 -150. 
Cob (@ 1V). 2.5pF. 2.5pF. 
Ptot (free air). 360mW. 360mW. 
Ptot (case @ 100 °C). 680mW. 680mW. 
Price. 4/ -. 6/ -. 

Note: Max. operating junction temperature =200°C. 

P.N.P GERMANIUM CIRCUIT N.P.N. SILICON PLANAR CIRCUIT 
Fig. 2. Two similar common emitter circuits, one using a p.n.p. germanium transistor and the other using an n.p.n. silicon planar transistor. Note the differences in supply polarity and emitter -base junction potentials 
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Fig. 3 (a). A practical common emitter amplifier using an ST140 or ST141 transistor. R1 is 270kS2 with the ST140, and 

470kS2 with the ST141 

(b). The circuit of (a) assembled on a small piece of Veroboard. In this and succeeding layout diagrams it is intended 

that, unless otherwise shown, all resistors and capacitors should be mounted vertically. Also, the outside dimensions 

given apply to Veroboard of 0.15 in matrix 

concerned, it should be noted that in both cases 
the arrow denotes the transistor's emitter, and 
that in both cases the direction of the arrow indicates 
the direction of current flow, using the "conven- 
tional" positive -to- negative current flow theory. 

Although no component values are shown in the 
circuits of Fig. 2, typical potentials at emitter, 
base, and collector are included, and the important 
point to notice here is that the emitter -base potential 
of the silicon transistor is considerably greater 
than that of the p.n.p. germanium type, being 
approximately 0.65 volt in the former case and 0.2 
volt in the latter. This difference between the base - 
emitter junction potentials of germanium and 
silicon types is probably the most significant 

difference to bear in mind when design- 
ing amplifiers that are otherwise similar. 
In the case of Fig. 2, the germanium 
p.n.p. circuit can be modified to 
operate with a silicon n.p.n. transistor 
by simply transposing the supply con- 
nections and altering the value of R1 
to give the required base potential, 
leaving R2, R3, and R4 unaltered. 
Design work thus presents very few 
problems. 

Although conventional p.n.p. ger- 
manium transistor circuits can be easily 
arranged to work with n.p.n. silicon 
types, such an approach is rather 
pointless since it does not take full 
advantage of the benefits offered by 
the silicon transistor. With this point 
in mind, a few practical circuits will 
now be considered. 

Using the ST140 and ST141 
The first difficulty that some readers, who are 

more used to ordinary p.n.p. transistors, may run 
into is how to visualise a normal circuit, such as a 
common emitter a.f. amplifier, designed around 
n.p.n. transistor types. This is, of course, quite 
a simple problem to solve, and Fig. 2 shows the 
two types next to one another for comparison; 
it will be noticed that the only difference between 
the two circuits lies in the fact that the two supply 
rails have their polarities transposed, the p.n.p. 
circuit having negative collector potentials while 
the n.p.n. circuit has positive collector potentials, 
and in the fact that different symbols are used for 
the two transistor types. As far as the symbols are 

The amplifier of Fig. 5 appears at the left, and that of 
Fig. 3 at the right 
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As shown in Fig. 2, germanium transistors 
require a fairly complex base -bias network if they 
are to give satisfactory operation over a reasonable 
temperature range; three resistors, R1, R2, and R4, 
and a capacitor, C2, are required for this purpose. 
This complexity is needed partially to allow for 
differences in the current gains of transistors of a 
similar type, but mainly to compensate for the 
large leakage currents that are inherent with ger- 
manium transistors. Silicon transistors, on the 

1 

RI 

ßkn 

other hand, have very low leakage currents, and 
the base -bias networks can thus be considerably 
simplified, with no deterioration in performance. 
Fig. 3 (a) shows a complete common emitter 
amplifier stage, using n.p.n. silicon planar transistors. 

Here, only one base -bias resistor, R1, is used, 
and it is connected directly between base and 
collector. This connection provides a reasonable 
degree of negative feedback, and so compensates 
for large variations between the current gains of 
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Fig. 4 (a) A 2 -stage direct coupled amplifier giving very high gain, and with component values suitable for either ST140 or 
ST141 transistors. Input and output leads must be screened. 

(b) Constructional details for the 2 -stage amplifier 
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The high -gain amplifier of Fig. 4 

individual transistors. A total of only 5 components 
is used in the circuit, including the input and output 
coupling capacitors, compared to the 8 components 
used in the more conventional version of the ampli- 
fier; building costs are thus very low. 

As shown in the diagram, this circuit is sufficiently 
well stabilised to operate from any voltage in the 
range 3 --12 volts, without component changes. The 
design, using the ST141 transistor, will give power 
gains up to 20,000 times. 

Fig. 3 (b) shows how this simple circuit can be 
wired up on a small piece of Veroboard for test and 
experimental purposes. 

A 2 -Stage Direct Coupled Amplifier 
Because of the high leakage currents tl 

inherent with germanium transistors, it is 
necessary to use a.c. coupling between the ind 

RI 

Cl 

In 
pF 
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Fig. 5 (a) 
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The very high impedance amplifier whose circuit is 

that of Fig. 6 

stages of a multi -stage amplifier; typically, a con- 
ventional 2 -stage amplifier will use a total of 15 
components. Occasionally, using germanium tran- 
sistors, it is possible to employ direct coupling 
between two stages and so save on components, 
but such designs require some care in setting up, 
and may need individual component selection to 
suit individual transistors. 

Silicon transistors, on the other hand, can be 
direct coupled with ease, and suffer from none of 
the above difficulties. Fig. 4 (a) shows a typical 
2 -stage direct coupled circuit designed around 
ST140 and ST141 transistors. 

Since the specified transistors have very low 
leakage currents and retain their high current gains 
at low values of emitter current, it is possible to 
provide them with high values of collector load, 
even in direct coupled circuits. This is done in 
Fig. 4 (a), where TR1 has an 18kí2 collector load 
resistance, R1. TR1, which is connected as a 
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A high impedance amplifier. With the ST140, R1 should be 220kO2, giving a Zin of 1 20 S2. With the ST141, R1 

should be 330kfl, giving a Zin of 230kí2 
(b) The circuit of (a) built up on Veroboard 
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common emitter amplifier, thus gives a high power 
gain. The collector of TR1 is direct coupled to the 
base of TR2, which is also connected as a common 
emitter amplifier, with collector load R2. The 
emitter of TR2 is biased by R3 and decoupled by 
C2, the low impedance d.c. at TR2 emitter being 
used to provide, via R4, the base -bias for TR1. 
A d.c. negative feedback loop is thus formed, and 
the operating levels of the circuit are automatically 
adjusted to suit individual transistors; signal 
feedback is, of course, prevented by C2. 

Because of the high value of TRl collector load, 
the elimination of signal feedback, and the minimisa- 

tion of bias loading networks, the circuit has a 
very high order of efficiency; power gains of up to 
50,000,000 times can be obtained using ST141 
transistors. The available gain is so high, in fact, 
that it is necessary to use screened input and output 
leads with the circuit, and in practice it will usually 
be found that the gain is far higher than is needed 
for most applications. In such cases, the gain can 
be reduced to more manageable proportions by 
either introducing signal negative feedback by 
removing C2 from the circuit, or by using ST140 
transistors. 

It will be noticed that the circuit of Fig. 4 (a) 
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Fig. 6 (a). An amplifier having a very high input impedance of the order of 3.3Mft. Either ST140 or ST141 transistors 
may be used, but the latter will give a lower output impedance 

(b). Constructing the very high impedance amplifier 
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maximum input impedance that is available. In 
addition, germanium transistors have fairly low 
leakage impedances, and these also reduce the 
available input impedances. 

Silicon transistors, on the other hand, have 
high values of leakage impedance, and can be 
designed to use very simple biasing networks, 
thus making possible input impedances several 
times greater than are available with germanium 
transistors whilst using fewer components. 

Fig. 5 (a) shows the circuit of a typical single - 
stage emitter follower, using either ST14O or ST141 
transistors. The circuit may be used with any 
supply in the range of 3 to 12 volts, without compo- 
nent changes. Using the ST14O transistor, input 
impedances of the order of 120kS2 are available, or, 
using the ST141, impedances of around 230kSI 
may be obtained. 

Constructional details of the circuit are shown 
in Fig. 5 (b). These circuits give a low output 
impedance, and, because of the small overall 
dimensions of the completed units, they may be 
built into the cases of high impedance microphones, 
etc., and used as impedance converters where very 
long connecting leads have to be used. 

If very high input impedances greater than 
several hundred thousand ohms are required, 
more complex circuitry may be used, as shown in 
Fig. 6 (a). Here, TR3 and TR2 are Darlington 
connected in the emitter follower configuration, 
with base -bias provided by the voltage divider 
network R1 -R2, which is isolated and bootstrapped 
via R3 and C2. The input is applied via C1, and 
the output is taken via C3. The circuit will operate 
from any supply in the range 3 to 12 volts, without 
component modifications. 

The 2 -stage low impedance amplifier of Fig. 7 

uses a total of only 9 components, compared to the 
15 components of a conventional 2 -stage amplifier. 
The building costs are thus kept at a low level. 

Fig. 4 (b) shows how to build the circuit on a 
small piece of Veroboard for test and experimental 
purposes. 

High Impedance Amplifiers 
In many applications in electronics it is necessary 

to feed the output of a circuit under test into a 
high impedance load or amplifier; in such cases, 
the emitter follower circuit may be used to give the 
required high input impedance. 

When germanium transistors are. used in emitter 
follower circuits, fairly complex bias and leakage 
compensation networks are required, and these are, 
of necessity, connected in parallel with the input 
circuits of the transistors, thereby lowering the 
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Fig. 7 (a). A 2 -stage self -compensating low impedance amplifier. Either ST140 or ST141 transistors may be employed. 

(b) Assembling the amplifier of (a) 
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Either ST140 or ST141 transistors may be used 
in this circuit, which gives an input impedance of 
about 3.3Mû, but a lower output impedance will 

be made available if ST141 transistors are used. 
Full constructional details of this unit are shown 

in Fig. 6 (b); a screened input lead should, of course, 
be used. Note that, as in the case of the basic 
emitter follower circuit, this unit is sufficiently 
small to fit in a microphone case, for use as an 
impedance converter, if required. 

A Low Impedance Amplifier 
Circuits with a very low input impedance are 

sometimes required in electronics, to match with 
magnetic pick -up heads, etc. When germanium 
transistors are used in such applications, it is 

usually necessary to design each individual circuit 
to suit the equipment with which it is used; because 
of the problems of biasing and leakage compensa- 
tion, however, such design work is fairly complex. 

When silicon transistors are used, on the other 
hand, design work can be considerably simplified, 
and Fig. 7 (a) shows the circuit of a 2 -stage self - 
compensating low impedance amplifier, which can 
have its input impedance varied between about 
2452 and l20û by simply altering the value of one 
resistor, R1. 

Here, TR1 is wired as a common base amplifier, 
with collector load R1, and the input signal is 

applied to the emitter via C1. The collector of TR1 

is direct coupled to the base of TR2 which is, 

connected as an emitter follower with its emitter 
load split into two parts, R3 and R4. The junction 
of these last two components is decoupled to a.c. 
by C2, and is used to provide the base -bias of 
TR1. A heavy d.c. negative feedback loop is thus 
formed, and the operating levels of the amplifier 
are automatically self- compensating against large 

Crystal 

(a) 

The crystal oscillator of Fig. 8 

variations in the values of R1 and in the character- 
istics of the transistors. 

The input to the amplifier is, effectively, applied 
across the emitter -base junction of TRi, and the 
input impedance tends to become equal to the 
forward impedance of this junction, or `diode'. This 
impedance is proportional to the emitter current of 
TR1, and is equal to approximately 2552 at 1mA; if 
the current is doubled, the impedance is°halved, and 
vice versa. Because of the self compensating action 
of this circuit, the emitter current, and thus the input 
impedance, is almost directly proportional to the 
value of R1, so that the input impedance can be 
increased or decreased by either raising or lowering 
the value of R1. The value of R1 can be varied 
between approximately 2.7kû and 22kS2, without 
adversely affecting the operation of the circuit. 

9V+ 

0 0 

I 2 3 

Crystal 

6 7 8 

battery - 

7 
11/4" 

a 

b 

C 

ut 
¢ 

( b) 

0 0 

0 0 0 0 o 

e ( 0 ) 0. o o 

o o o o 

( 
o 

) 
0 0 

0 0 o 

8 7 6 5 4 3 2 1 

Fig. 8 (a). A crystal oscillator with rich harmonic content. Either the ST140 or ST141 may be used 

(b). The crystal oscillator assembled on Veroboard. For reasons given in the text, it must be stressed that this is an 

experimental layout 
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The input impedance of the circuit is approxi- 

mately equal to 10Q 
Rz (i20O0hms)) 

so that the 

impedance can be varied between about 240 and 
12052. 

The voltage gain is virtually constant at about 200 
times, irrespective of the value of R1 and the types of 
transistor used. Power gain, however, is subject to 
considerable variation, depending on the value of R1 
and the types of transistor used for TRI arid TR2. 
Using the maximum value of R1 and ST141 transis- 

In 

tors, power gains of about 5,000,000 times can be 
obtained. 

Constructional details of the unit are shown in 
Fig 7 (b). Note that the unit is designed for operation 
from a 9 volt supply. 

A Versatile Crystal Oscillator 
Although it is possible to design crystal oscillators 

to operate with a single transistor, such circuits 
suffer from the disadvantage that they must be 
individually designed to suit the particular crystal 
frequency and harmonics in use. 
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Fig. 9 (a). A sine /square wave converter having an exceptionally fast rise time. Again, either ST140 or ST141 transistors 
may be employed 

(b). Constructional details for the sine /square wave converter 
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The sine /square wave converter of Fig. 9 

This disadvantage can be overcome by using a 
circuit similar to that shown in Fig. 8 (a). Here, a 
2- transistor circuit is used, and is wired as an emitter 
coupled multivibrator, using a series crystal as the 
tuning element, no other tuned circuits being required. 
Thus, the circuit automatically operates at the 
frequency of the crystal that is in use, and no special 
design work is required. 

In effect, TR1 is wired as a common base amplifier, 
with the input applied to its emitter; the input and 
output of this transistor are in phase, but voltage 
amplification takes place. TR2 is wired as an 
emitter follower, with its base connected to TR1 
collector; the input and output of this transistor are 
also in phase. Thus, the signal at TR2 emitter is an 
amplified version of that at TR1 emitter, and both 
signals are in phase, so that when the two emitters 
are coupled together via a blocking capacitor, etc., a 
positive feedback loop is formed and the circuit 
oscillates. When the crystal is inserted in this 
feedback loop, the feedback is greatest at the 
resonant frequency of the crystal, and the circuit 
oscillates at that frequency. 

An additional advantage of this circuit is that the 
output waveform is very rich in harmonics. Also, the 
output is available at a low impedance from TR2 
emitter. 

Although this circuit is suitable for use with almost 
any types of transistor, including germanium, it 
is particularly suited to the ST140 and ST141 types, 
since their very high cut -off frequencies enable it to 
operate at fundamental frequencies up to many tens 
of megacycles, and to produce harmonics at frequen- 
cies of several hundreds of megacylces. 

Wiring up details of a unit suitable for test or 
experimental purposes are shown in Fig 8(b). It 
should be emphasised that this layout is suitable for 
experimental purposes only. In a practical circuit, 
the crystal should be secured in a holder and wired 
rigidly in position, keeping all wires as short as 
possible. At very high operating frequencies, it may 
be necessary to screen the unit. 

At very high operating frequencies, or if alterna- 
tive transistors are used, it will be necessary to wire a 
small trimmer capacitor in series with the crystal, to 
compensate for phase shifts occurring in other parts 
of the circuit. 

Sine /Square Converter with Ultra -short Rise Time 
The final circuit to be described in this article will 

be a very high performance sine square wave 
converter. The full circuit diagram of this circuit 
is shown in Fig 9 (a). As can be seen, a total of three 
transistors are used, TRi and TR2 being wired as a 
conventional Schmitt trigger, and TR3 being wired as 
an emitter follower with its base direct coupled to 
TR2 collector, thus giving a low impedance output 
that is virtually unaffected by external loading 
conditions. A sine wave input may be connected to 
TR1 base via C1 and, providing the sine wave has an 
amplitude greater than several hundred millivolts, 
a large amplitude square wave will be made available 
at the output terminals via C3. 
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The circuit is sufficiently versatile to operate 
from any supply within the range 6 to 18 volts 
without component modifications, and the amplitude 
of the square wave output signal is almost equal to 
the supply rail potential. 

Although this type of circuit is suitable for 
operation with almost any transistor types, it is 
frequently found that, when other transistors are used 
the resulting square wave is rather inferior in form. 
Typically, for example, good square waves with very 
sharp corners may be available at frequencies of a few 
kilocycles, but at frequencies in the order of 100kc /s 
or so the corners become so badly rounded that the 
`square' wave looks almost like a sine wave; i.e., the 
waveforms have a rather long rise time. In such cases, 
the circuits may give rise times in the order of a few 
microseconds, and may cease to operate completely 
at frequencies greater than about 150kc /s. 

If, however, the ST140 and ST141 transistor 
types are used, their very high cut -off frequencies 
enable near -perfect square waves to be obtained 
even at operating frequencies greater than 1 Mc /s. 
This is because rise times are extremely short. 
The rise times are so short, in fact, that at the time 
of writing it is not possible to quote precise values 
for rise times since they have proved to be beyond 
the range of the available measuring equipment. 
They are, however, in the range of a few nano- 
seconds (a nanosecond is one thousandth part of 
a microsecond). 

As well as giving a very short rise time, the 
circuit has the advantage of being able to operate 
at frequencies in excess of 3 Me /s. Either the ST140 
or ST141 transistor types may be used in the circuit, 
but the latter type will give greater sensitivity and 
will operate up to higher maximum frequencies 
than will the ST140. Both types give similar rise 
times. 

Full constructional details of the unit are shown 
in Fig. 9 (b), and the layout given is suitable for 
use in a practical sine /square converter. 
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Quality Power Pack 
for the Beginner 
by James S. Kent Part / 

The power pack design presented here contains all those features that are 
desirous in a unit of this nature -fully metered h.t. output, stabilised h.t. output, 
visual indications of both heater and h.t. voltage and a double- smoothing circuit. 
The author has paid particular attention to safety with beginners in mind, a 
fully- shrouded mains transformer and a fused a.c. input being features of the 
design. For the benefit of beginners, the construction of this power unit is fully 
described. A point -to -point wiring diagram, together with the illustrations, 
provides all details for an interesting practical project which is ideal for those 

about to commence the hobby of radio construction 

ALL BEGINNERS MUST START SOMEWHERE IN 
whatever hobby they decide to participate 
and, in the field of radio construction and 

operation, the very first necessity is a receiver and 
power supply. Many receiver designs are presented 
with integral power supplies but the writer tends to 
favour having the power pack as a separate entity. 
This confers several advantages -(a) the source of 
a.c. mains (50 c /s) hum is removed from receiver 
circuits, (b) the power supply is capable of being 
used with other units under construction or test 
and (c) it is portable within the workshop, i.e. 
it can be moved from one bench to another or to 
any location having access to the mains supply. 

A power pack is probably one of the most 
expensive items of equipment that the beginner will 
undertake to build and the design discussed here 
is not by any means cheap. It is intended as a 
quality unit with a fully metered output and visual 
indications for both heater and h.t. supplies are 
fitted on the front panel. Once the initial cash 
outlay has been made and the unit constructed, 
however, this design will give many years of service 
and repay the operator many times over. As a 
workbench power supply it is ideal for supplying 
power to those experimental projects we all under- 
take from time to time -both the output voltage 
of the power unit and the current consumption 
of the project being visually indicated at all times. 

For those beginners who wish to construct a 
cheaper unit, the following items could be dispensed 
with - voltmeter, both the visual indicators, the 
150C2 stabiliser tube and its resistor and even, 
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if paring to the bone, one section of the double - 
smoothing circuit. However, the writer does not 
recommend any of these economies for, sooner or 
later, such features will become desirous and will 
almost inevitably become added to the circuit at 
a later date. 

The design features of power packs are many and 
varied, but that discussed here has been drawn up 
specifically with the beginner in mind. As such 
it has been made as safe as it can possibly become. 
A double -wound mains transformer provides com- 
plete isolation from the a.c. mains supply, this 
being fully shrouded to avoid the touching of 
bare high voltage connections; also employed are 
adequately rated components, a fused a.c. input 
and a double -pole on /off switch. All the compo- 
nents are of quality manufacture and currently 
obtainable on the retail market. 

This article has, at the Editor's request, been 
specially prepared and presented for the beginner 
and as such it includes a point -to -point wiring 
diagram which, together with the illustrations, 
makes the construction of the project a comparatively 
trouble -free venture. 

Circuit 
The circuit is shown in Fig. 1. The mains trans- 

former primary winding has three separate a.c. 
voltage input taps, the one shown connected here 
being 240V. The intending constructor should 
ascertain the local mains voltage and use the 
appropriate tap. The double -pole, single -throw 
switch is inserted in the a c mains input leads, 
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Power outlet 
sockets 

MI 

100mA 

L.F choke 

1$ 

2,4,7 

Chassis 

M2 

300V 

NEI 

VI 

150C2 

R3 
V2 

Mains 
transformer 

250V 240V red 

Fig. 1 Circuit of the power pack 

COMPONENTS 
Resistors 

R1 4.7k0 5 watts 
R2 Integral with Neon 
R3 1k0 7 watts 

Valves 
VI 150C2 (Mullard) 
V2 EZ80 (Mullard) 

Meters 
0 -300V d.c. Type MR38P, S.E.W. (Henry's 

Radio Ltd.) 
0 -100mA d.c. Type MR38P, S.E.W. (Henry's 

Radio Ltd ) 
Panel Lamp (PL1) 

L.E.S. (H. L. Smith & Co, Ltd) 6.5V 0.15A. 
On /Off Switch 

d.p.s.t. (Pear Dolly) Bulgin type S300 
Chassis 

S Z x 84 x 2in (H. L. Smith & Co, Ltd) 
Panel 

10 x 6in (H. L. Smith & Co, Ltd) 
Capacitors 
Cl 32ccF electrolytic, 450V wkg 
*Ci 16[..t.F electrolytic, 450V wkg 
*C3 32t/F electrolytic, 450V wkg 

t16 -I- 1615F in parallel, wire -ended 
*Contained in single can 

thus ensuring that both sides of the mains are 
disconnected when the switch is in the off position. 
A 2 amp cartridge fuse is inserted in one mains lead, 
this fuse being fully enclosed in a panel- mounting 
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Fuseholder 
Panel- mounting type 

Mains Transformer 
Pri: 200- 220 -240V. Secs: 250- 0 -250V, 75mA; 

6.3V, 5V, 2A; 6.3V 3A (centre- tapped). Type 
3104A. (H. L. Smith & Co, Ltd) 

L.F. Choke 
20H, 75mA, 35051. Type 101C. (H. L. Smith & 

Co, Ltd) 
Neon (NE1) 

Panel- mounting type (H. L. Smith & Co, Ltd) 

220V grn 

200V yeL 

Fuse 

black 

ftkyOfff 
switch 

A.G. 
mains 

with 2A fuse (cartridge) 

Miscellaneous 
5 -way tagstrip (2 outside tags earthed); 1 -way 

insulated tag; chassis tags; capacitor mounting 
clip; 2BA and 4BA nuts and bolts; mains 
connecting cable; 4 off grommets ($in); 3 off 
grommets ($in); 2 off Octal plugs, Bulgin P.112; 
solder, wire, etc. 

Valveholders 
2 off International Octal 
1 off B7G 
1 off B9A 

holder on the rear chassis apron of the unit. 
The three secondary windings are connected as 

shown, the colours of the individual wires from the 
mains transformer being indicated alongside the 
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Showing the layout of components on the chassis deck. Note the orientation 
of the mains transformer and the I.f. choke, as illustrated here and in Figs. 

2 (a) and 3 

appropriate wires. The 250- 0 -250V secondary 
winding connected to the anodes of the EZ80 
rectifier valve has a centre -tap which is connected 
to chassis, whilst the taps in the remaining two 
'secondary windings are not used in the present 
design. One side of the 6.3V 3A heater winding 
is connected to chassis, and a panel -mounted lamp 
assembly (PL1) to give visual indication of the 
presence of heater voltage is connected from the 
other side of this winding to chassis. 

The rectified h.t. (high tension) voltage is taken 
from the EZ80 rectifier via pin 3 and is fed to the 
first smoothing section, given by C2, R3, C3. Double - 
smoothing of the h.t. supply to receivers is favoured 
by the writer. For the small cost of the two extra 
components involved, R3 and C1 (in a more "con- 
ventional" circuit the l.f. choke would be inserted 
between C2 and C3 -these two capacitors being 
contained within a single can) the advantage 
which accrues is well worthwhile. There is a complete 
absence of 50 c/s ripple (hum) in the receiver, 
particularly when headphones are used. 

After C2, the h.t. potential is applied to the 
second smoothing section given by the 1.f. choke 
and C1. This latter is a wire -ended component, 
and consists of two 16µF capacitors contained 
within a single can and connected into circuit in 
parallel (i.e., both the positive wire connections 
are twisted together, soldered and connected up 
as a single wire). The resultant capacitor therefore 
has a value of 32µF. 

At this point, the neon visual indicator (NE1) 
and resistor R2 have next to be noted. The neon 
gives indication of the presence of h.t. potential, 
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and resistor R2 being an integral 
part of the panel- mounted neon 
lamp assembly. 

Voltmeter M2 is connected 
from the fully smoothed h.t. 
positive line to chassis and pro- 
vides an accurate indication of 
the voltage of this output at all 
times. At the same time, meter M1 
provides an indication of the 
external current being consumed 
from this output by any unit . 
connected to the power pack. 

The voltage regulator (150C2), 
which provides a stabilised voltage 
of 150V to the power outlet 
sockets at pins 8, is fed from the 
h.t. line via the dropper resistor 
R1, this component regulating the 
h.t. current passing to the stabi- 
liser tube. The current drawn by 
the 150C2, under no external load 
conditions at pins 8 is 23mA. 

The unstabilised h.t. output is 
taken to pins 1 of both the respec- 
tive power outlet sockets, these 
being international octal valve - 
holders mounted on the rear 
apron of the chassis. As has already 

been mentioned, the stabilised output is taken to pins 
8. The earth (chassis) connection is taken to pins 5, 
6 and 7, and the 6.3V 3A supply to pins 2, 3 and 4. 

The h.t. output available at C1 is 250V at 75mA. 
When the 150C2 is plugged in, the 23mA drawn 
by the regulator circuit limits the current available 
at pins 1 of the output sockets to 52mA, which 
should be more than adequate for any normal 
receiver and similar designs likely to be constructed. 
Since the h.t. output at pins 1 is not regulated, 
this may rise above the nominal figure of 250V 
for low load currents. If at any time high load 
currents, up to the full 75mA available from the 
mains transformer, are required from pins 1, the 
150C2 may be temporarily removed from its 
socket, whereupon the regulated supply facility 
is not, of course, then provided. With the 150C2 
in circuit, the stabilised voltage at pins 8 is a nominal 
150V at currents up to 18mA. 

The heater supply is 6.3V a.c. at 3A. Three pins 
have been provided for each side of the 6.3V output 
since the usual type of octal plug is rated at lA per 
pin. If a unit connected to the power supply has a 
heater consumption, at 6.3V, of lA or less, one 
connection may be made to either pin 2, 3 or 4, and 
the other to either pin 5, 6 or 7. Should the con- 
sumption be between 1 and 2A, two of the plug pins 
(say 2 and 3) should be wired in parallel for one 
connection, and two of the plug pins (say 6 and 7) 
should be wired in parallel for the other connection. 
For currents from 2 to 3A three plug pins should be 
wired in parallel for both connections. In all cases, 
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11/2 

3 

BACK 

81/2" 

11/4 

II/2* Grommet A 

L 
11/4 

112" 

15OC2 

4BA clear 

414 

C2,C3 

EZ 80 

E 
c. 

1518` 

FRONT 

(a) 

Grommet B 

5 /2 

Grommet C 

i` 

I' 

PLI On /Off switch 

I---11/2 51/2' 

(b) 
11/2" 

B D 

'2' 

f 

2` 

(c) 

lo' 

21/4" 23/4` 23/4` -- 21/4` 

(d) 

6` 

Fig. 2 (o) Drilling measurements of the chassis deck, inductors not to scale, (b) chassis front apron, (c) chassis rear apron 

and (d) the front panel 
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pins 5, 6 and 7 also carry the chassis connection 
from the power supply. 

Construction 
The first task is to drill the chassis, and the 

required measurements for this are shown in Fig. 2 

(a). First, mark out the central drilling points for the 
150C2, the EZ80 and the capacitors C2C3, to the 
measurements as shown. The hole for the 150C2 
should have a diameter of sin. and that for the EZ80 
should have a diameter of ¡in. A convenient method 
of cutting these out is by the use of Q Max chassis 
cutters with an Allen key. 

The capacitor hole is best cut by a 1 áin. Q Max 
cutter with Allen key. These chassis cutters are a 

worthwhile investment for they have an indefinite 
life and will save much future time and trouble when 
preparing holes of these sizes. Two 4BA clear holes 
on either side of the 1 áin hole are needed, also, for 
the capacitor clip. 

The next job is to temporarily place the mains 
transformer and the 1.f. choke on the chassis in the 
positions they will finally occupy -see diagram and 
illustration. It should be noted that sufficient room 
must be allowed between the front panel (when mount- 
ed to the chassis) and the mains transformer and 1.f. 

choke to provide clearance for the two meters and 
the mains neon mounted to the panel. Sufficient 
clearance will be obtained, with the specified com- 
ponents, if 1.-tin spacing is allowed between the panel 
and the two aforementioned components. Using the 
mains transformer and the 1.f. choke as templates, 
mark and drill (2 or 4BA clearance as applicable) the 
holes for the respective fixing screws. Do not secure 
these components as yet. Mark and drill (sin) the 
holes for the grommets A, B and C. Following this, 
mark and drill (sin) the holes for the three small 
rubber grommets, D, E and F. 

Refer now to Fig. 2 (b). This is the front apron of 
the chassis and the holes for PLI (16 in) and the on /off 
switch (-lin) should now be marked and drilled. 
These holes may be made using a brace and drill 
should the existing drill chuck be incapable of taking 
the size required. Failing this, they will have to be 
drilled as large as possible with the existing drill and 
the holes enlarged with a file -an Abrafile being 
ideal for this purpose. 

Fig. 2 (c) shows the drilling measurements for the 
rear apron of the chassis. Hole A is that for the 
mains input grommet and this should be drilled 
tin; hole B is for the fuseholder (tin); C and D for 

UNDERSTANDING RADIO (Continued from page 285) 

42. Identify the lead- through insulator which 
connects to the aerial terminal (see Fig. 1). Follow- 
ing the layout of Fig. 4, connect this lead -through 
insulator to pin 8 of L1 valveholder. Solder at 
the insulator and at pin 8 of L1 valveholder. 

(To be continued) 
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the two power outlet sockets (l áin). The latter holes 
can be cut with the Q Max chassis cutter already 
referred to. 

Fig. 2 (d) provides the front panel drilling measure- 
ments, the pilot light assembly (PLO hole should be 
din; on /off switch 1-in; mains neon (NE1) in and 
the two meters 1 Zin. The two meter holes may first 
be cut with an octal sized (1lin) chassis cutter and 
then enlarged to the required size by means of a 
half -round file. Similarly, the hole for NEl will also 
have to be slightly enlarged. 

Using the valveholders and output sockets as 
templates, drill mounting holes for these to enable 
themto have the orientation shown in Fig. 3. As is also 
shown in Fig. 3, the rear earthed tag of the tagstrip is 
secured under one of the mounting holes for C2, C3. 
Drill a mounting hole for the forward earthed tag of 
the tagstrip. Also drill a hole for the single insulated 
tag adjacent to Vi (see Fig. 3). This should be well 
clear of the outlet socket tags. 

Next, mount the mains transformer and its two 
grommets, ensuring (from Fig. 3) that this component 
is mounted correctly, i.e. such that the correct 
coloured wires emerge through the chassis grommets. 
Carefully feed each lead through separately, dealing 
with one grommet and the associated wires at the 
same time. Once the transformer is firmly on the 
chassis, ensure that neither of the rubber grommets 
has become displaced. 

After fitting the transformer, mount the remaining 
grommets, the 1.f. choke (leads through grommet A), 
C2, C3 (see Fig. 3 for orientation), the 5 -way tagstrip, 
the valveholders and output sockets (ensure correct 
orientation is maintained), PLI, the on /off switch, 
the single insulated tag and the fuseholder. Note the 
chassis tags fitted at the two output sockets. As yet, 
do not securely tighten the on /off switch or PLI. 
This will be done when the front panel is fitted. 

Before proceeding with the wiring -up of the 
chassis -mounted components, it will be an advantage 
to paint (or cellulose) the front panel, to the con- 
structor's choice of colour, having first ensured that 
all the panel- mounted components fit into their 
respective holes and that the panel is clean and free 
from grease. An easy way of cleaning the panel is to 
use lighter fuel and a clean piece of rag. The panel 
can then be left to dry whilst the wiring -up of the 
chassis is completed. After this, the panel is mounted 
to the chassis and the remainder of the wiring to the 
panel components is finally carried out. 

(To be concluded) 

International Radio Communication 
Exhibition 

An award of 3 gns. and a Certificate of Merit to each of the follow- 
ing:- 

D. R. Bowman, G3LUB, for a Transistorised Receiver built to 
the G2DAF Design. 

M. J. Griffin, G3IIN, for an Electronic Multimeter designed to 
be used by blind persons and incorporating Braille markings. 

E. St. B. Sydenham, G3LOK, for a transistorised voltmeter and 
r.f. probe. 

A. L. Mynett, G3HBW, for an FET Converter for 432 Mc /s. 
H. C. Hopkins, G3NRI, for a 144 Mc /s Transverter. 
A Special Award has been made to W. L. Kinchen, G2DZT, for 

his design work on the "Noviset ". 
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Simple Gas Lighter 
by D. P. NEWTON 

A novel approach towards lighting 
household gas appliances 

O LD RADIO AND TELEVISION SETS OF THE PRE - 
transistor era have many components which 
are virtually useless because of their size 

alone. Outsize valves, capacitors and resistors 
slowly pile up in the spares box with little chance 
of ever finding employment. However, the author 
recently found a use for the frequently occurring 
large speaker transformer, in the circuit of a gas 
lighter. The circuit diagram is very simple, as 
may be seen from Fig. 1. 

It is, of course, necessary to know which of the 
two windings is to be used as the primary and which 
as the secondary. In the absence of an ohmmeter, 
this can be found with the use of headphones 
and the 6 volt battery connected in series. The 
winding which gives the fainter click is to be used 
as the secondary in the gas lighter circuit. It may 
seem obvious from visual inspection which windings 
are which, but with old transformers this can be 
deceptive. 

When testing the circuit itself, a spark gap of 
about lmm should be used. The gap will pass a 
spark on the breaking of the primary circuit rather 
than on its making, and this spark is sufficient to 
ignite household gas. 

It is convenient to house the spark gap in an old 
fountain pen barrel, as shown in Fig. 2. The pair 
of wires inside the barrel are about 22 s.w.g. and 
are insulated. At one end they are bared and curved 
to form the spark gap as shown, taking care that 
the bared wires are nowhere closer together than 
at the spark gap. The switch in Fig. 1 can be made 
up as depicted in Fig. 3. A springy metal strip is 
employed. 

Usually a 6 volt dry battery is sufficient to give a 
useful spark. If no spark can be obtained then try 
reversing the windings, i.e. interchanging the sup- 
posed primary and secondary. If a spark can still 
not be obtained then suspect the transformer. 

The switch should be closed for short periods 
only, because of the heavy current drain from the 
battery. 

Insulated wire 

Fig.l. 
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Fig.2. Fig.3. 
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THE WORKSHOP DOOR SWUNG 
open, to admit a swirling 
flurry of snow and a heavily - 

laden Smithy. The Serviceman 
kicked the door shut behind him 
and staggered to his bench, on 
which he carefully placed his burden. 

It was the early morning of 
Christmas Eve. A weak light 
broke through the windows, in- 
fusing the familiar Workshop sur- 
roundings with a grey and sepulchral 
atmosphere. Smithy returned to 
the door and switched on the lights. 
The shadows fled and all was bright 
and cheerful. 

Smithy's eyes wandered briefly 
over the "For Repair" racks. As 
always happened on Christmas Eve, 
these were groaning under the 
weight of sets which had mysteriously 
developed faults over the last few 
days, and which had to be fixed 
before the great Day itself. Then 
he gazed lovingly at the object 
which he had deposited on his 
bench. 

To the uninitiated, this would 
have appeared to be nothing other 
than a somewhat old- fashioned 21 
inch TV receiver in a cabinet 
whose dimensions indicated a 90 
degree tube. But this was - no 
ordinary receiver. This was Smithy's 
Personal Television Set which, by 
artifices known only to himself, 
had been modified to produce a 
picture of unsurpassed excellence. 
On Smithy's receiver the Test 
Card frequency gratings stood out 
like stripes on a humbug; the black 
level was held as rigidly as a rock; 

' the vertical and horizontal linearity 
was of so outstanding a character 
that the roundness of the Test 
Card circle was equalled only by 
the squareness of the Test Card 
squares; the extreme praiseworth- 
iness of the contrast range was 
exhibited by an exact graduation 
from black through the greys to 
peak white; and the fineness of 
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focus, free from any blemish of 
astigmatism, was evident at every 
point on the entire surface of the 
screen. 

Overburdened, perhaps, with the 
responsibility of reproducing so 
superior a picture over the years, 
the c.r.t. of this admirable receiver 
had, on the previous evening, 
broken down and burnt out. Where- 
upon Smithy had decided that his 
last job in the Workshop for Christ- 
mas Eve would be the fitting of a 
new tube. Tenderly, Smithy picked 
up the receiver and placed it gently 
on the floor at the side of the 
spares cupboard. 

Christmas Rush 
Almost immediately afterwards, 

the Workshop door burst open for 
the second time that morning, to 
admit a snow -bespattered Dick. 
At once, everything was noise 
and bustle and the working day 
commenced. The number of sets 
in for repair gradually decreased as 
Smithy and his assistant worked 
feverishly to clear their many faults. 
There was a steady movement to 
and from the spares cupboard as 
the pair replaced faulty components 
in the receivers on their benches. 

"Hey, Smithy," suddenly called 
out Dick. "Have you got a spare 
EF183 over there ?" 

"What's wrong," returned Smithy 
irritably, "with getting one out of 
the spares cupboard ?" 

"I've looked in there," said 
Dick. "We're right out." 

"Have another look, then," snort- 
ed Smithy over his shoulder, "there's 
bound to be one knocking around 
somewhere." 

Dick shrugged his shoulders, 
and did as he was bid. 

But there seemed to be a running 
shortage of spare components and 
it was not long before Dick once 
more raised his voice. 

"Hey, Smithy!" 

Despite the inevitable 
rush and bustle of Christmas 
Eve, Smithy the Serviceman 
still finds time to explain 
the functioning of a modern 
flywheel sync circuit to his 
able assistant, Dick. It is a 
pity that Dick does not 
impart quite the same sort 
of favour to the Serviceman! 
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Available now! 
The enthusiasts' greatest -ever components guide! 
Over 600 pages packed full of tips, kits and details of over 
11,350 different parts from 85 leading manufacturers! 

Whatever your particular interest 
in electronics, you'll find the 
Electroniques Hobbies Manual 
a first -class investment. 
It saves you time. No searching 
around for the parts you need. 
Every type of equipment -from 
stock components to sophisti- 
cated professional items -is here. 
Supplied by over 85 leading 
manufacturers, this equipment is 
all available by mail order on fast 
despatch. 

It aids your projects. Complete 
designs, and details of kits avail - 
able for beginners and experts, 
are all contained in the Manual. 
Inside, too, there's a wealth of 
technical data, practical tips and 
formulae to help you build with 
confidence. 
It costs just 10/6 post free. And 
it puts the whole electronic 
industry at your service, including 
the specialised knowledge of 
Electroniques. Behind this brilli- 

ant new venture are the vast 
resources of STC and ITT, so 
you're assured of a first -class 
service! 
Be sure of your Electroniques 
Hobbies Manual. Clip the coupon, 
and send today -while stocks 
last! 
Electroniques (Prop. STC Ltd.) 
Edinburgh Way, Harlow, Essex. 
Telephone: Harlow 26777. 

High -grade components for amateur communications 

electron igues 
6614MG 

DECEMBER 1966 305 



Flywheel 

391u-1 
discriminator 2 800p 

50 

75pF 
To- 

39kn 

680kn 

Sync 

separator 
anode 

Line 

s00 
kn 

1800 ., 
pF 

To vertical time- 
base and I ne 

blanking circuits 

12 

ka Flywheel 
D.C. 

amplifier 

/2 PCF80 

39kn 
300pF 

Blocking 
oscillator 
transformer 

250 
pF 

220 
kn. 

47kn 
VYVV 

15 F 

t 

} HT+ 

15kn 

To line 

output 
stage 

Line 
oscillator 

(I/2 ECC 
804) 

Winding on line 

output transformer 

Fig. 1. A typical flywheel sync circuit employing discriminator diodes 

connected back to back. This particular version is that used in the Thorn 

850 series chassis. For simplicity the d.c. amplifier is shown in basic form 

and 405/625 switching (which changes the gain and operating point of the 

d.c. amplifier) has been omitted. The 300pF shaping capacitor shown in the 

line oscillator anode circuit represents the capacitance switched in on 405 
lines; on 625 lines this capacitance is 180pF 

"Hullo!" 
"You wouldn't by any chance 

have a gash 25k skeleton pot on 
your bench, would you ?" 

"No I wouldn't," replied Smithy 
abruptly "For goodness' sake stop 
pestering me for odds and ends. 
Have a look around and see what 
you can find." 

Again, Dick shrugged his should- 
ers and carried out Smithy's in- 
junction. It was evident that the 
Serviceman was far too preoccupied 
with getting the work finished for 
the day to bother with his requests 
for spare components. When, later 
in the morning and, after an at- 
tenuated lunch- break, during the 
afternoon, Dick found that the 
spares cupboard held no stocks 
of further parts that he needed, 
he forebore to trouble the Service- 
man and looked around elsewhere. 
Work proceeded uninterrupted and 
the stock of sets on the "For Re- 
pair" racks continued to diminish. 
It was half -way through the after- 
noon when the Serviceman suddenly 
realised that the racks were com- 
pletely empty. 
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Flywheel Sync 
"That's it," he called out joyfully, 

his previous testiness vanishing com- 
pletely. "Dick, my boy, we've 
cleared out all the sets!" 

"No we haven't," came a morose 
voice from Dick's bench. "I've 
got the last one here. What's 
more, it's got a flywheel sync snag 
on it." 

"Has it now ?" said Smithy 
breezily, as he walked over to 
Dick's side. "Well, that shouldn't 
cause too much trouble." 

"It does with me," replied Dick 
moodily. "Flywheel sync and me 
never seem to get on, somehow. 
With this set I can alter the line 
hold control so that the timebase 
runs at line frequency but it just 
won't lock." 

To demonstrate this point, Dick 
adjusted the line hold control of the 
receiver, which was switched on and 
adjusted for a local 405 line trans- 
mitter. The control was obviously 
varying the line timebase frequency 
and, at a central setting, a nearly 
stationary picture could be resolved. 

"Well," commented Smithy, as he 

looked at the picture. "There must, 
at any rate, be sync pulses at the 
sync separator anode." 

"How do you make that out ?" 
"Because," said Smithy, "the 

vertical timebase is locked. The 
vertical timebase sync circuit picks 
up its pulses from the sync separator 
anode, and so it is obvious that 
there must be sync pulses present 
at that anode. Another point is that, 
since you can take the line timebase 
through line frequency, it seems 
pretty safe to assume that there isn't 
much wrong with the timebase 
either. Let's have a shufti at the 
circuit." 

It was an indication of Dick's 
extreme state of perplexity that he 
had actually brought out the service 
manual for the receiver. It was open 
at the circuit diagram, and Smithy 
examined the flywheel sync section. 
(Fig. I). 

"Ah, yes," he said confidently. 
"This uses one of those sync dis- 
crimators in which the two diodes 
are connected back to back. Piece of 
cake, these are." 

I'm glad somebody thinks so," 
grumbled Dick. "Anyway, what I've 
done up to date is to check the two 
diodes with an ohmmeter and they 
seem to be O.K. There are 680kO 
resistors across them so it's possible 
to at least check that they've got 
a high reverse resistance and a low 
forward resistance without taking 
them out of circuit." 

"Did you," asked Smithy, "check 
the 100kO resistor between the 
lower diode and the grid of the 
flywheel d.c. amplifier valve ?" 

"I did," replied Dick. "And that 
was O.K. too. I then switched the 
set back on again and checked the 
anode voltage of that d.c. amplifier. 
This was pretty close to the figure 
given in the service manual, so I 
didn't get any clues there either." 

"You haven't done too badly." 
commented Smithy. "You've already 
unearthed quite a few little bits of 
useful information. The fact that 
you're getting what seems to be a 
respectable voltage on the d.c. 
amplifier anode, combined with the 
fact that you can take the line hold 
control through line frequency, 
would seem to indicate that there's 
nothing glaringly wrong with the 
circuit from the amplifier anode 
to the line timebase oscillator. That 
anode voltage would also make it 
fairly safe to assume that the valve 
is passing a reasonably correct anode 
current, which means, in turn, that 
there's probably nothing wildly 
wrong with the components im- 
mediately associated with it. Did 
you check the resistance between the 
d.c. amplifier grid and chassis ?" 
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"As a matter of fact, I did," said 
Dick. "Not, I must admit, with any 
particular end in view, but merely as 
a routine test. The resistance to deck 
was well over a meg, which is what 
you'd expect from the various 
resistors in the circuit." 

"Excellent," said Smithy, rubbing 
his hands together. "It looks, then, 
as though there's nothing obviously 
wrong with the circuit from the 
diode discriminator to the grid of 
the amplifier. We know that the 
discriminator diodes seem to be O.K. 
so we can make a fairly safe assump- 
tion that either the discriminator is 
not receiving a sawtooth from the 
line output transformer or it's not 
getting pulses from the sync separator 
anode." 

"That," complained Dick bitterly, 
"is just typical. With a flywheel sync 
snag it can't be something nice and 
simple like a burnt -out resistor or a 
shorted capacitor. Oh, no. It has to 
be something with a sawtooth and 
pulses in it!" 

"Don't worry," chuckled Smithy. 
"There's still another ohmmeter test 
you can do. Switch the set off and 
measure the resistance across the 
2,800pF capacitor which is connected 
between the top diode and chassis." 

Dick carried out Smithy's instruc- 
tions. 

"There's about 45kO there," he 
announced after a moment. 

"Fair enough," said Smithy. "That 
means that the capacitor isn't, at 
least, a dead short. In addition, it 
very probably means that we're 
reading the resistance offered by 
the 47kS2 resistor in series with the 
line output transformer winding it 
connects to, the winding offering 
continuity to chassis. Seeing as it's 
Christmas, I'll have a half -crown bet 
with you that the 75pF capacitor 
from the sync separator anode load 
to the centre of the discriminator 
diodes has gone open -circuit!" 

"Blimey," said Dick, impressed. 
"You're taking a bit of a risk, 
aren't you ?" 

"I am rather," agreed Smithy. 
"Because I'm working on some 
pretty general assumptions which 
are based on ohmmeter tests only. 
Still, I'll chance it." 

Dick walked over to the spares 
cupboard and, after a little rummag- 
ing, returned with two small capaci- 
tors. He connected these in parallel 
and temporarily soldered them into 
circuit. He snipped one of the leads 
of the suspect 75pF capacitor, which 
the new capacitors now replaced, after 
which he switched on the receiver 
and waited for it to warm up. As 
soon as a picture appeared he 
adjusted the line hold control. It 
functioned perfectly. 
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Flywheel Discriminator Operation 
"Half a crown, please," said 

Smithy, promptly. 
"Hang on a jiffy," protested Dick. 

"I'll agree that the 75pF capacitor 
must have been faulty, but I don't 
think it's fair for me to fork out my 
hard -earned cash without under- 
standing why it should have caused 
the trouble." 

"If," explained Smithy, patiently, 
"the capacitor was open- circuit, the 
sync pulses couldn't have got into 
the diode discriminator circuit." 

"I know that," replied Dick 
impatiently. "What I don't under- 
stand is how the discriminator 
works. All you've got are a couple 
of diodes together with a few odd 
resistors and capacitors, and yet it 
gives a complete flywheel sync 
control system." 

Smithy looked at his watch. 
"Well," he remarked, "we've 

finished earlier than I'd expected, 
particularly for Christmas Eve, so I 
suppose it won't hurt if I spend half 
an hour or so explaining that circuit 
to you. Actually, it's quite easy to 
understand, but I'll have to start off 
from basic theory if I'm going to put 
it over to you." 

He seized Dick's notepad, sat 
down and took a pen from his 
pocket. 

"Let's start off," he remarked, 
"with a simple leaky -grid circuit. 
You can't have anything easier than 
that. We'll apply a train of positive - 
going pulses to it, like this." 

(7:- 

Average 

voltage 

(a) 

Smithy sketched out the circuit 
and pulses on the pad. (Fig. 2 (a)). 

"Now what," he asked, "happens 
here ?" 

"That's dead easy," said Dick 
promptly. "The grid and cathode of 
the valve act as a diode with the grid 
as anode, and it conducts on positive 
pulse tips. The average voltage on 
the top end of the grid resistor then 
goes negative to a value which is 
very nearly equal to pulse amplitude" 

"Very good," said Smithy ap- 
provingly, as he scribbled a second 
sketch. (Fig. 2 (b)). "Now, let's 
change all the polarities in the 
circuit! This time I've got a train of 
negative -going pulses and they're 
going to a diode which is connected 
the other way round. I've drawn a 
crystal diode in the circuit, but I've 
added a valve diode of the same 
polarity alongside it so that you can 
compare it with the previous circuit. 
What happens now ?" 

"The same as before," said Dick. 
"Only this time you get an average 
positive voltage which is nearly equal 
to pulse amplitude. The positive 
voltage appears at the upper end of 
the resistor which, in the previous 
circuit, was the grid leak." 

"Do you know, Dick," commented 
Smithy approvingly, "you're really 
quite clever." 

"You're no slouch yourself," 
replied Dick. 

The pair beamed at each other. 
"We now ", continued Smithy, as 

he returned to the notepad, "arrive 

(b) 

Fig. 2(a). If positive -going pulses are applied to a leaky -grid- circuit the 
grid acts as the anode of a diode, causing an average voltage with the polarity 

shown to appear across the grid resistor 
(b). Applying negative -going pulses to a diode connected the other way 
round results in the average voltage across the resistor having opposite 

polarity. The top end or the resistor is positive 
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Fig. 3(a). Feeding negative -going pulses to two diodes and parallel resistors 

(b). Equal voltages (assumed here as 20 volts) appear across the diodes, 
resulting in an output voltage of zero 

at the second stage of the explana- 
tion. I'm next going to draw a 
circuit in which there are two 
diodes and two resistors." 

One again, Smithy's pen rattled 
swiftly over Dick's notepad. (Fig. 
3 (a)). 

"In this circuit," said Smithy, 
"you'll notice a similarity with the 
flywheel sync discriminator because 
we now have two diodes connected 
back to back with equal value 
resistors across them. But don't let 
that distract you. The upper end of 
the top diode connects to chassis, 
and we have negative -going pulses 
going, via a capacitor, to the junction 
of the diodes at the middle. The 
bottom end of the lower diode goes 
to a fairly large -value capacitor, say 
1,800pF, and the voltage on the 
upper plate of this capacitor is 
labelled `output voltage'. O.K. so 
far ?" 

"I'm with you all the way," 
replied Dick confidently. 

"Under normal conditions," con- 
tinued Smithy, "the output voltage 
given by.this circuit will be zero, with 
the result that the output voltage 
capacitor has no charge and the 
bottom end of the lower diode is at 
chassis potential. What happens in 
the circuit ?" 

"Well," replied Dick. "The two 
diode circuits are exactly the same 
as the single diode circuit you drew 
previously. So, I suppose that you'll 
get the same sort of average voltages 
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appearing across the resistors which 
connect across the diodes." 

"That's the idea," confirmed 
Smithy. "To take some easy 
figures, let's assume that the ampli- 
tude of the negative -going pulses is 
a little higher than 20 volts, and 
that it causes 20 volts average to 
appear across each of the diode 
resistors. You then get voltages 
distributed like this." 

Smithy added the voltages to his 
diagram. (Fig. 3 (b)). 

"The lower diode," he said, "is 
exactly the same as our previous 
single diode and so we get 20 volts 
across its resistor with the top end 
positive. The upper diode is also 
the same as the previous diode 
except that it's drawn upside -down. 
So the positive end of its resistor is 
the lower end. As you can see, we 
now have two sets of 20 volts in 
series but, due to their opposing 
polarities, the total voltage they 
produce is zero." 

I see what you mean," com- 
mented Dick thoughtfully. `Due to 
the symmetry of the circuit, the 
voltages across the diode resistors 
cancel out, and so the output voltage 
remains at zero. As it would, now I 
come to think of it, if you didn't 
have the negative -going pulses in the 
first place." 

"You are," pronounced Smithy, 
"an extremely bright young man. I 
féel that I am indeed fortunate in 
being able to work with someone 

who is as perceptive as you." 
"No more lucky," responded 

Dick, "than myself in having a 
geyser who gives with the gen as 
well as you do." 

"It is very kind of you to say so." 
"My pleasure." 

Unbalancing The Discriminator 
"Dear me," remarked Smithy, 

"what a very pleasant Christmassy 
spirit we've got here today. Anyway, 
let's get back to that diode circuit. 
I'm now going to unbalance the 
discriminator by suddenly intro- 
ducing a 10 volt battery between the 
upper diode and chassis. The 
upper terminal of the battery is 
positive." 

Smithy sketched out the new 
circuit. (Fig. 4 (a)). 

"What happens now," he said, "is 
that the upper end of the top diode 
goes positive of chassis by 10 volts. 
The upper diode rectifies in just the 
same way as it did before, and so 
20 volts appears across the resistor 
across it. But the lower diode is now 
cut -off because, since the output vol- 
tage capacitor has no charge, the 
lower terminal of the diode is at 
chassis potential and its upper 
terminal is at 30 volts positive. 
Obviously, this state of affairs 
cannot continue and the 30 volts 
positive at the junction of the 
resistors causes the output voltage 
capacitor to charge up via the lower 
resistor. This charging process 
continues until the top plate of the 
output voltage capacitor reaches 10 
volts positive. The lower diode then 
starts to rectify on negative pulse 
tips and the circuit settles down 
once more to a state of equilibrium. 
In practice, the values in the circuit 
are such that it will reach this new 
state almost immediately." 

Smithy marked in the new voltages 
in the circuit. (Fig. 4 (b)). 

"That's interesting," remarked 
Dick. "You put in 10 volts positive 
at the top of the diodes and 10 volts 
positive comes out at the bottom." 

"That's right," agreed Smithy. 
"Now let's see what happens when 
we suddenly put in a 10 volt battery 
with its negative terminal at the top." 

Again, Smithy's pen raced over 
the surface of Dick's notepad. 
(Fig. 5 (a)). 

"We start off," went on Smithy, 
"with the circuit in the state where 
the output voltage is at zero. This 
time it's the upper diode which 
is cut -off, because 30 volts becomes 
applied across it. This is given by 
the 20 volts across the lower diode 
resistor and the negative 10 volts 
from the battery. You can't have 
30 volts across one series resistor 
and 20 volts across a second resistor 
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of the same value. So, current flows 
in the opposite direction to the 
previous instance until 20 volts 
appears across both resistors. The 
result is that the output voltage now 
becomes 10 volts negative, and both 
diodes are rectifying on pulse tips 
once more." (Fig. 5 (b)). 

Line Output Sawtooth 
"I see what you mean," said Dick. 

"Well, we've now found out that, 
when you put a voltage at the top of 
the diodes, an equal voltage of the 
same polarity appears at the output 
point of the circuit. What happens 
next ?" 

"We next," replied Smithy, "make 
the assumption that the negative- 
going pulses applied to the diodes 
are sync pulses, derived from the sync 
separator anode. O.K. ?" 

"Sure." 
"We then replace the batteries we 

have been putting into the circuit 
by a sawtooth derived from the line 
output tranny. Like this. (Fig. 6). 
As you'll see, we're now using the 
component values which appeared 
in the service manual circuit. The 
sawtooth is shaped by the 47k S2 
resistor and 15pF capacitor in series 
with the line output tranny winding, 
together with the 2,800pF capacitor 
sitting at the top end of the diode cir- 
cuit. The diodes still conduct on sync 
pulse tips as before. If a sync pulse 
tip appears at an instant when the 
sawtooth waveform is negative of 
chassis, then the discriminator out- 
put voltage will similarly go negative. 
Don't forget that conduction in the 
diodes only occurs on negative - 
going sync pulse tips so that if, at 
the instant of conduction, the 
voltage applied to the top of the 
diodes is negative then the circuit 
behaves in just the same way as if 
the negative voltage had been applied 
by means of a battery. Similarly, if 
sync pulse tips coincide with a 
positive part of the sawtooth then 
you get a positive output voltage 
from the diode circuit." 

"Gosh," breathed Dick. "This 
is something." 

"Right," said Smithy, briskly 
picking up his pen once more. 
"We're on the home stretch now! 
When the line timebase is running 
at too low a frequency the sawtooth 
cycle will be too long and the sync 
pulse tips will hit it at a point where 
it is negative. (Fig. 7 (a)). And, 
when the line timebase is running at 
too high a frequency, the sawtooth 
cycle will be too short and sync 
pulse tips will hit it at a point where 
it is positive. (Fig. 7 (b)). So, too 
slow a timebase frequency gives you 
a negative control voltage and too 
high a timebase frequency gives you 
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(a) 

r 

(b) 

Fig. 4(a). When a 10 volt battery is suddenly introduced, the voltages 
appearing in the circuit are as shown here 

(b). The unbalanced voltages of (a) causé the output voltage capacitor to 
charge, resulting in an output of 10 volts positive 

a positive control voltage. You 
apply this control voltage, by way of 
the usual time delay filter to get the 
flywheel effect, to the grid of the 
flywheel d.c. amplifier. This both 
amplifies the control voltage and 
reverses its phase, and the anode 
voltage of the d.c. amplifier is 
then fed to the grid leak of the 
line oscillator, as in the original 
service manual circuit." 

- 
/ 

10V 

t20V 

20V -r 
OV 

Smithy paused for a moment. 
"We can now," he said, "examine 

the whole overall effect. If the 
timebase oscillator runs at too low a 
frequency the output control voltage 
from the diode discriminator circuit 
goes negative and the voltage on the 
anode of the d.c. amplifier goes 
positive. Which is just what you 
need to speed the oscillator up again. 
And if the timebase oscillator runs 

(a) (b) 
Fig. 5(a). The voltages which result when a 10 volt battery of opposite polarity 

is introduced 
(b). Again, the diode circuit reverts to the balanced condition, giving an output of 10 volts negative 
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Fig. 6. In this diagram the negative -going pulses are obtained from the sync 

separator anode, and the battery is replaced by a sawtooth derived from the 

line output transformer. Component values and circuitry are the same as 

for Fig. 1 

at too high a frequency the control 
voltage from the diode discriminator 
goes positive, the anode voltage of 
the amplifier goes negative, where- 
upon the timebase oscillator slows 
down again. You adjust the actual 
degree of control by means of the 
line hold control, whereupon the 
line timebase oscillator runs at 
correct frequency and phase with 
the flywheel sync circuit preventing 
it from straying in either direction." 

"In the original circuit," offered 
Dick, "there's a 50pF capacitor 
across the upper diode." 

"True enough," agreed Smithy. 
"Its function is to balance the diode 
discriminator. In practice, this 
won't work in quite as linear a 
fashion as in our explanation and 
there will also be some non -linearity 
in the section of the sawtooth on 
which it operates. The 50pF capaci- 
tor helps to trim out these discrepan- 
cies." 

"Also," continued Dick, "you're 
discriminating on the short section 
of the sawtooth instead of the long 
section." 

"Agreed," said Smithy. "And 
it's essential to do this because the 
short section of the sawtooth is the 
part which starts with the commence- 
ment of the line output stage flyback. 
The commencement of line flyback 
offers a reference point, in time, 
for the sawtooth. If, incidentally, 
the sync pulse tips should hit the 
sawtooth during its long period 
the control voltage which results is 

in the wrong sense, and the circuit 
hops back to control in the correct 
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sense, as is given when the sync 
pulse tips coincide with the short 
section of the sawtooth. To complete 
the picture, I can now add that what 
was taking place in the particular 
receiver on your bench was that, due 
to the 75pF capacitor being open - 
circuit, no sync pulses were getting 
through to the diodes. These 
couldn't rectify so that all that was 
happening was that the average 
voltage of the sawtooth was finding 
its way through to the grid of the 
d.c. amplifier by way of the resistors 
in the discriminator circuit." 

Job Complete 
"And that," said Smithy, "is that. 

You'd better put a new 75pF 
capacitor in that receiver. And not 
two in parallel as you've used 
temporarily." 

"We haven't got any 75pF capaci- 

Sync 
pulse 

+ 

ov_ \ 
1 

Sawtooth 
Discriminator 
output voltage 

tors," replied Dick aggrievedly. 
"I've looked all through the spares 
cupboard and the best I can find are 
a 50 and 25 to connect in parallel." 

"Dear, oh dear me," sighed 
Smithy. "Well, have another look. 
There must be a 75pF capacitor 
somewhere." 

For the third time that morning, 
Dick shrugged his shoulders. He 
picked up his side- cutters and 
wandered over in the direction of the 
spares cupboard. A short time later 
there were two ominous snips, after 
which Dick returned with a small 
capacitor in his hand. 

Smithy gazed at him open- 
mouthed. 

"Where," he spluttered, "did you 
get that capacitor from ?" 

"1 nipped it," replied Dick 
carelessly, "out of an old set that 
someone's dumped at the side of 
the cupboard." 

With a cry of anguish Smithy 
shot from his stool and rushed to the 
spares cupboard. He went down 
on his knees and gazed unbelievingly 
at the inside of the TV receiver he 
had brought in that morning. 

"Ye gods," he moaned, "what in 
blazes have you been doing? You've 
ripped half the guts out of this 
receiver." 

I had to get spare parts from 
somewhere," replied Dick defen- 
sively. "And so I whipped them out 
of that old set. I've been doing it 
all through the day." 

"You call this an old set ?" wailed 
the outraged Smithy. "Jumping 
alligators, this is my own special 
TV!" 

"Your what ?" gasped Dick in- 
credulously. "That clapped -out old 
wreck ?" 

"It's my special TV," moaned 
Smithy. "You've been cannibalising 
my special TV!" 

"Well, it certainly looked a 

wreck," commented Dick flatly. 
"Dash it all, Smithy, it's gots bits 
hanging off the chassis all over the 
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Fig. 7(a). If the line timebase runs at too low a frequency the sync pulse tips 

coincide with a negative part of the sawtooth waveform. The discriminator 

output control voltage is similarly negative 

(b). Too high a line timebase frequency results in the sync pulse tips 

coinciding with a positive section of the sawtooth waveform. A positive control 

voltage results 
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place. It hasn't even got a printed 
circuit." 

"Those bits hanging around the 
chassis are the mods I've put in it," 
commented the stricken Serviceman. 
"And it's a pre -printed circuit set 
because they're easier to modify." 

The Serviceman was, at last 
beginning to grasp the full enormity 
of his loss. He pointed a trembling 
finger at his assistant. 

"I've put years of work into this 
set," he accused furiously. "And 
you, with those darned side -cutters 
of yours, bring it all to naught in 
just one day. And to think," added 
Smithy inconsequentially, "that this 
is Christmas Eve. What a Christmas 
present!" 

"Don't take on so," said Dick 
soothingly. "Anyway, seeing that 
it's Christmas, you shouldn't be 
blasting off at me. You should be 
burying the hatchet, mate." 

"Burying the hatchet ?" roared 
Smithy. "The only place where I'd 
bury the hatchet right now is in 
your flaming head!" 

Over the years, Dick had learned 
that the only soothing influence, at 
times of crisis, was to set about 
boiling up the Workshop kettle. But 
it was obvious that the present 
emergency called for a far stronger 
remedy than tea. He rushed to his 
bench drawer and produced a small 
bottle, together with two glasses. 

"I felt," he suggested hastily, "that 
it was my turn to provide the drop 
of Christmas cheer this year. So 
how about having a spot of some- 
thing with me, Smithy ?" 

The Serviceman gazed uncertainly 
at the glass which Dick proffered 
him. Gradually, his fury abated and 
he eventually broke into a rueful 
chuckle. 

"I suppose," he said grudgingly, 
"it wasn't entirely your fault." 

"And here," added Dick quickly, 
"is that half -dollar I owe you." 

The Serviceman's eyebrows shot 
up. 

"Blimey," he remarked incredu- 
lously, as he pocketed the coin. 
"This really must be Christmas. 

You'd better tell me afterwards 
what you took from the set, so that 
I'll know where to start making 
replacements." 

He sipped appreciatively at his 
glass. Dick waited quietly for a 
little while, to allow mellowness and 
its attendant benevolence to return. 

"This seems," he remarked even- 
tually, "to be an opportune moment 
for festive greetings. So let me wish 
you a very Merry Christmas, Smithy." 

"And the same to you, my boy," 
responded Smithy warmly. "A very 
Merry Christmas, indeed." 

The pair rose. 
"We mustn't forget," continued 

Smithy, "to also wish a very Merry 
Christmas to the readers who've 
put up with our exploits over the 
last twelve months. A truly Happy 
and Merry Christmas to you all!" 

"And let us end," added Dick, "as 
we have done on all our previous 
Christmasses, by saying `God Bless 
Us, Every One'!" 

RADIO TOPICS . 

by Recorder 
HERE WE ARE ONCE AGAIN IN 

December, with Christmas in 
the offing and New Year to 

follow shortly after. And all those 
horrible bills after that again! 

As a jobbing journalist I am taxed 
under Schedule D, whereupon the 
gentlemen of the Inland Revenue 
employ a particularly fiendish device 
for the collection of my hard- earned 
lolly. Under Schedule D there are 
two Income Tax payments in the 
year -one on July 1st and the other 
on January 1st. And 1 can assure 
you that the January 1st one does 
nothing whatsoever to dispel the 
dyspeptic gloom which arises after 
a hectic New Year's Eve. 

Still, at the time being it's best to 
dismiss the aftermath from mind and 
to concentrate on the festivities 
immediately ahead. There are sure 
to be several parties to organise and 
bright ideas are needed to make these 
go with a swing. 

Fun with The Tape Recorder 
Quite a lot of fun can be had at a 

party with a tape recorder, provided 

that it isn't overdone and you set 
about things in the right way. In 
many households the tape recorder 
tends to gather dust in the cupboard 
after its initial novelty has worn off, 
but it can still enable one's guests to 
have quite a bit of enjoyment. 
People are pretty blasé these days 
about hearing their own voices by 
way of a recorder, and so it is best 
to avoid making up a recording which 
merely consists of a succession of 
self -conscious "party pieces ". This 
sort of programme was amusing in 
the early days of tape recording but 
nowadays something quite different 
is required. 

A good scheme, and one which, 
in my own case, has resulted in 
several hilarious evenings in the past, 
consists of recording a short pe,- 
formance in which every guest takes 
a part. An eay approach is given by 
making up a skit on a well -known 
B.B.C. sound radio programme. 
Particularly suitable here are "Down 
Your Way ", "Have A Go!" and 
"Saturday Club ". 

With the "Down Your Way" 

format, one of the guests can take 
the part of the interviewer (who, in 
the real programme is of course 
Franklin Engelmann). He interviews 
the others in turn, each taking the 
part of a "local character" of extreme 
eccentricity. A send -up of "Have A 
Go!" allows a similar degree of 
eccentricity in the characters inter- 
viewed, with the added attraction 
that those who claim the greatest 
age get the most applause. And the 
"prizes" at the end of this particular 
show provide a useful exercise in 
imagination on the part of the 
organiser. For those who haven't 
heard it, "Saturday Club" inter- 
sperses pop records and music with 
short interviews with the artistes 
concerned. There is great scope here 
for a succession of interviewees who 
outvie each other in gormlessness 
(you should hear the original 
programme) together with a really 
glad -hand interviewer. 

Probably the best idea is to make 
up a skeleton framework for the skit 
before the guests arrive. An anchor- 
man to play the part of the inter- 
viewer is then chosen, after which 
each guest makes up his own 
character and gags. Give about 
half an hour for everyone to finalise 
their ideas, then start the recording. 
As a general guide a playing time of 
about 15 to 20 minutes will cope very 
nicely with an average party. 

It's best not to aim for technical 
perfection as far as production is 
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concerned. Normally, once the 
programme has started it will run 
under its own steam. Somebody 
needs to be stationed at the gain 
control of the recorder, but recording 
level should be fairly consistent if 
each performer keeps some three feet 
or so away from the microphone. 
This will also enable background 
comments from other guests to be 
recorded at good level on the tape. 

Be firm about ending the skit or it 
may tend to drag on. Don't forget 
that 50% of the fun is given by 
playing back the tape, and that this 
will take just as long as did the 
recording. 

Given the right spirit, an exercise 
of this nature can really help to make 
a party go, and it has the advantage 
that children can join in as well. 
Quite a lot of what goes onto the tape 
will possibly be pretty corny; but 
there is a great deal to be said for 
corny humour, especially amongst 
friends. 

And the final advantage of the 
idea is that, after the party is over 
and has slipped into the past, you'll 
still have a pleasant memento which 
you can play back at any time. 

Traffic Detector 
If you happened to call in at the 

Imperial College exhibition at the end 
of September, you will have noticed 
a new and fascinating device which 
has been developed by the Marconi 
Company, and which may well 
become a standard feature on the 
roads of this country. The device is a 

traffic sensor which works on an 
ultrasonic "radar" principle. 

The conventional traffic signal 
system at road intersections detects 
the passage of vehicles by means of 
rubber pressure pad switches fitted 
into the road surface. These pressure 
pads detectors are subject to con - 
siderable wear and tear, especially 
by heavy vehicles, and require peri- 
odic maintenance. Also, excavation 
of the roadway is necessary when 
they are initially installed. 

The new Marconi device is 
installed above the road on any 
convenient structure such as a lamp 
standard or bridge. It directs a train 
of ultrasonic pulses downwards at a 
repetition rate of 20 to 25 per second 
onto the roadway underneath. When 
a vehicle passes under the sensor the 
echo returns after a shorter time 
than when the reflecting surface is the 
road itself. The resulting difference in 
echo time is detected and causes a 
relay to energise, allowing the 
information to be passed to the 
traffic control equipment. 

If desired, the sensor can be adjus- 
ted so that vehicles above a certain 
height operate a different relay, with 
the result that it becomes possible 
to monitor cars and lorries separately. 

A very approximate measurement 
of vehicle speed may be obtained by 
working to an average vehicle length 
and timing the period over which 
the reflection from any vehicle 
occurs. A more accurate measure- 
ment of vehicle speed is given by 
positioning two sensors a set distance 

apart. The vehicle speed is then a 
function of the time taken to pass 
between the two. 

The sensor is intended to be 
mounted some 5 to 10 metres above 
the road surface. It is fully tran- 
sistorised and is housed in a weather- 
proof box. The price is roughly 
the same as the rubber pressure 
pad detector it replaces, with the 
advantage that it does not require 
maintenance. It may be employed 
with simple traffic light systems or 
complex computer controlled 
schemes such as the experimental 
traffic automation installation pro- 
posed for the centre of Glasgow. 

In the Imperial College exhibition 
a sensor was mounted outside the 
College and coupled to a chart 
recorder on the Marconi stand. 
This instrument then recorded the 
passage of vehicles under the sensor. 

End of a Year 
With which note on the new 

Marconi traffic sensor I must 
now wind up for 1966. We have had 
a very busy time at the Radio 
Constructor offices over the last, 

twelve months, and it has all been 
very well worth while. 

I've also had a look at some of 
the features lined up for next year, 
and I can assure you that plenty of 
really exciting constructional pro- 
jects are being prepared for your 
delight and delectation. 

So let me send you all my best 
wishes for a truly Happy and Merry 
Christmas. And I'll be seeing you 
again in 1967! 

Nickel Cadmium Rechargeable Cells 
It will interest many of our readers to know that 

these rechargeable cells and constant current chargers 
are available from Elmbridge Instruments Ltd, Elmbridge 
Works, Island Farm Avenue, West Molesey Trading 
Estate, East Molesey, Surrey. 

The cells are hermetically sealed and require no main- 
tenance, details of the units available are as follows: - 
Maintenance: 
None Capacity Voltage Charging Current 
Equivalents: 
PP3 (Tr 7/8) 75 m AH. 9 volts. 7 mA. (I 10) 
U2 (BD 2.5) 2 AH. 1.25 volts. 200 mA. (I 10) 
U7 (4.51 D) 450 m AH. 1.25 volts. 45 mA. (I 10) 
U11 (RS 1.5) 1.5 AH. 1.25 volts. 150 mA. (I 10) 
Charging: 
It is recommended that constant current charging is 
employed; the cell can be completely recharged from 
"flat" in 14 hours. (Voltage per cell is adjustable between 
1.35- 1.50V: except P33 which is between 10.8 -12V). 

NOTES: 
Overcharging -Permissable occasional over -charge rates 

for a discharged cell are: Up to 24 hours with. 110. 
Up to 100 hours with 1110. 

Mounting: -Cells can be mounted in any position. 
Storage- Recharge the cells every 4-5 months if they 

have not been used. 

PRICES: PP3 Equivalent: 37/ (p & p 2/ ) 
U2 Equivalent: 32/6 (p & p 2/ ) 
U7 Equivalent: 12/ (p & p 1/6) 
U11 Equivalent: 26/ (p & p 1/6) 

CHARGERS. 
Special constant current chargers are available for the 
U7 & PP3 Equivalent types: - 
PR ICES: U7 Charger (Encapsulated): 22/ (p & p 1/6) 

PP3 Charger (Special Moulding with recess for 
battery): 76/ C.W.O. (p & p 2/ ) 
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1966 INTERNATIONAL RADIO COMMUNICATIONS 
EXHIBITION 

THE EXHIBITION WAS OPENED ON WEDNESDAY, 26TH OCTOBER, BY HIS ROYAL 
Highness The Prince Philip, The Duke of Edinburgh, K.G., Patron of 
the Radio Society of Great Britain, after an introductory speech by the 

President of the Society, R. F. Stevens, G2BVN. Prince Philip's speech was 
broadcast to the world, on amateur band frequencies, through the Society's 
transmitting station GB3RS. 

In his speech, Prince Philip commenced by saying, "In a world which seems 
to demand more professionals, more specialists and more expert qualifications, 
activities by amateurs are inclined to get pushed into the background," and 
went on to add: - 

"This is a great pity because the things which people choose to do as amateurs 
in their spare time are those things which give them the greatest amount of 
personal pleasure and satisfaction. No matter how fascinating working for a 
living may be, it is never quite the same as the freedom and relaxation of a 
hobby. 

Amateur Radio is almost unique among hobbies in that it is very much a 
part of one of the major modern technologies and in the early days it played a 
significant part in the development of radio communications. However, I 
suspect that while there is a great attraction in messing about with the equip- 
ment, the real enjoyment comes from making contact with other enthusiasts 
all over the world. 

Not least among the enjoyments must be this chance to browse about 
among the tantalising displays in this Exhibition. The only trouble is that 
on the way home you're either kicking yourself for not having bought some- 
thing or you get that terrible sinking feeling when you know you've been 
rather extravagant and you wonder how you're going to explain it away. 

Far be it for me to interrupt your enjoyment for longer than necessary. 
So now it gives me great pleasure to declare the International Radio Com- 
munications Exhibition open." 

The equipment display of most interest to the writer is that of the home - 
built variety to be seen every year on the Radio Society of Great Britain stand. 
This year, as in the past, the exhibits covered a wide range of equipment from 

Prince Philip looking at equipment on show at the Heathkit (Daystrom Ltd.) 
stand accompanied by Mr. R. F. Stevens G2BVN, President of the RSGB and 

Mr. P. Thorogood G4KD, Exhibition Organiser (foreground) 
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test gear to receivers and transmit- 
ters of all types and sizes. Some of 
the workmanship to be seen in these 
units closely approached the best 
professional standards, the compact 
construction and wiring showing a 
high degree of efficiency and a great 
deal of advance planning, thought 
and design work. Among the 
home -constructed equipment, only a 
few of which are mentioned here, the 
following were noted -80 and 160 
metre bands receiver together with a 
transmitter covering the same bands 
by W. L. Kinchen G2DZT; 80 and 
160 metre bands aerial tuning unit 
by G3VQN (16 years of age); a 
grip dip oscillator by A. L. Mynett, 
G3HBW; a 432 Mc /s cascode con- 
verter by S. F. Weber, G8AAC and, 
last but not least, an 80 and 160 
metre bands receiver by R. C. 
Marshall, G3SBA. 

The whole display represented a 
very creditable effort by all con- 
cerned and it was obvious that 
many hours of construction must 
have been spent in bringing such 
designs as were to be seen to final 
fruition. We hope such equipment 
will always be available for inspec- 
tion at future exhibitions. 

Among the many interesting stands 
in the hall, the writer feels that two 
call for special mention by reason 
of their many and varied exhibits. 

The Heathkit (Daystrom Ltd.) 
range of equipment was outstanding 
and wïs evidenced by the many 
visitors obviously interested in in- 
dividual items. 

S.T.C. Limited one of the largest 
electronic companies in the country, 
have now entered the radio and elec- 
tronic hobbies market -see News and 
Comment. 

The exhibition as a whole was one 
of the most interesting that the writer 
has yet attended. 
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TRADE NEWS. . 

New Transistor Encapsulation for 
Printed Circuits 

Mullard has developed a new type of "lock -fit" transistor which represents a major breakaway from traditional 
encapsulation and mounting techniques, and offers equipment manufacturers reduced assembly times and lower production 
costs. The first two devices to be ntroduced in the new encapsulation are r.f. silicon planar types for all radio applications 
at frequencies up to 100Mc /s (brief details are given below). Further types will be announced in the near future. 

The bodies of the "lock -fit" transistors are in high -quality epoxy resin and have a non -symmetrical but regular outline 
to simplify both handling by operatives and-automatic insertion by machines into printed circuit boards. 

The transistors have flat, shaped -to -grip connecting pins in place of the normal wire leads. These pins provide a 
"lock fit" insertion into printed circuit boards and at the same time guarantee good solderability. The excellent soldering 
properties are ensured by the secure and intimate contact with the printed circuit given by the spring set imparted to 
the pins during manufacture. 

The "lock fit" mounting also eliminates the lead- cropping and pre- shaping operations that are unavoidable with wire - 
ended transistors. 

The spacing of the pins conforms to the lead spacing of the standard TO -5 encapsulation and is suitable for circuit 
boards with 0.1 in. grids. The pin outline is stepped to provide a "lock -fit" in either of the standard apertures encountered 
on printed boards. 

The epoxy encapsulation provides good environmental protection and has a junction -to- ambient thermal conductivity 
superior to that given by most metal encapsulations. Furthermore, the good insulation of the epoxy encapsulation, 
together with its near -rectangular shape, enables high component packing densities to be achieved on the printed 
board. 

Approximate body dimensions of the "lock -fit" transistors are 7.5 x 4.5x 5mm. The pins are approximately 5.5mm 
long. 

Brief Details of the new types BF194 and BF195 
BF194 This transistor is recommended for use in the i.f. stages of mains and battery- operated a.m. /f.m. receivers 

and car radios, its high current gain and high fr being particularly suitable for such applications. It can also be used in 
the sound i.f. stages of television receivers. 

BF195 The BF195 is recommended for the first stages of car radios and f.m. receivers, where its low noise figure 
at frequencies up to 100Mc /s ensures optimum noise performan?e over a wide range of source impedances. The BF195 
is also recommended for use in all stages of a.m. portable receivers, where its narrow current spread is especially 
advantageous. 

New Marconi Range of Packaged Crystal 
Oscillators 

The Marconi Company has announced the introduction of a new range of packaged transistorised oscillators offering 
design engineers a low priced, medium stability frequency source, housed in a single plug -in unit. Prototypes of these 
devices were on display at the I.E.A. Exhibition in May and they are now in full production. 

A 6 volts, low current supply is all that is required to provide an efficient ready -to -use crystal oscillator with applica- 
tions in many branches of electronics. Mounted on International Octal or B7G valve bases, they can be provided at 
frequencies in the range of 1 kc /s to 100 Mc /s. The more compact B7G unit, type F3171, which covers the range 115 
kc /s to 100 Mc /s, has the added feature that it can be placed in a standard Marconi F3006 Crystal Oven to provide increased 
temperature stability. 

The larger Octal based unit, type F3170, covering the range 1 to 115 kc /s, is contained entirely in a single anodized 
aluminium tubular case, 1.125 in. in diameter. Depending on frequency, the seated height varies from 3.125 to 5 in. 
whereas the higher frequency oscillators, with a B7G base, have a standard seated height of 3.125 in. These units are also 
contained in a cylindrical aluminium can, but of 4 in. diameter. 

Stabilities better than 1 part in 104 are obtainable with a temperature variation of -20 to +70 °C which represents 
the operating temperature range. If desired, the frequency of the units can be trimmed by means of an external variable 
capacitor connected between one of the base pins and earth. 

Each oscillator, built around a glass encapsulated quartz crystal, has a buffer output stage which maintains a frequency 
stability of less than 1 part in 10-6 for a 10% variation in the load impedance. The output impedance is 5000 ohms +10% 
with an output voltage of 2 volts, peak -to -peak. 
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THE MODERN BOOK CO 
Hi Fi Year Book, 1966/7. 15s. Postage 1s 6d. 

ABC'S of Antennas. By A. Lytel. 16s. Postage 1s. 

Transistor Bias Tables (Germanium). By E. 
Wolfendale. 21s. Postage 1s. 

Servicing Transistor TV. By R. G. Middleton. 
30s. Postage is. 

1966 World Radio TV Handbook. 28s. Postage 
1 s. 

Transistor Ignition System Handbook. By B. 
Ward. 22s. 6d. Postage 1 s. 

Outline of Radio and Television. By J. P. 
Hawker. 30s. Postage 2s. 

Radio Circuits. By W. E. Miller. Revd by E. A. W. 
Spreadbury. 25s. Postage 1s. 

Transistor Transmitters for the Amateur. 
By D. L. Stoner. 21s. Postage 1s. 

Radio Valve Data. Compiled by "WW" 8th ed. 
9s. 6d. Postage 1 s. 

Transistor Specifications and Substitution 
Handbook. 1967. Ed. by Tech. P. 21s. Postage 1s. 

Questions and Answers Electronics. By C. 
Brown. 8s. 6d. Postage 6d. 

Elementary, Telecommunication Practice. By 
J. R. G. Smith. 13s. 6d. Postage 9d. 

Questions and Answers Transistors. By C. 
Brown. 8s. 6d. Postage 6d. 

Mathematics for Telecommunications and 
Electrical Engineering. Vol. 1. By D. E. Spooner 
and W. H. Grinsted. 15s. Postage 9d. 

Transistor Pocket Book. By R. G. Hibberd. 
25s. Postage 1s. 

Basic Piezoelectricity. By J. Potter Shields. 
20s. Postage 1s. 

Basic Electronics. By U.S. Navy. 22s. Postage 
1 s 3d. 

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

19 -21 PRAED STREET (Dept RC) LONDON W2 
Telephone PADdington 4185 

To: T 
Please 

SMALL ADVERTISEMENTS 
Use this form for your small advertisement 

he Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London, W.9 
insert the following advertisement in the issue of THE RADIO CONSTRUCTOR 

1.16 words at 9d. 

= 12/- 

ALL WORDING 

IN 

BLOCK LETTERS 

PLEASE 

I enclose remittance of being payment at 9d. a word. MINIMUM 12/ -. 
Box Number, if required, 2/- extra. 

NAME 
ADDRESS 

Copy to be received our weeks prior to publication. Published on the 1st of every month 
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"EXPERIMENTAL" 
PRINTED CIRCUIT KIT 

fr- . 
Tx-RK 

RANSCEIVER 

IIII 

(1) 2 Copper Laminate Boards 41" x 22 ". (2) 1 Board for 
Matchbox Radio. (3) 1 Board for Wrist Watch Radio. 
(3) Resist. (4) Etchant. (5) Resist Solvent. (6) Cleanser/ 
Degreaser. (7) 16 page booklet. "PRINTED CIR- 
CUITS FOR AMATEURS" containing full etching 
instructions. Also free with every kit (8) 30 SUGGES- 
TED PROJECTS which you can build on a P.C. 
chassis. Triplex- reflex with self- adjusting regeneration. 
2 Intercoms. Wrist -Watch Radio 1.15" x .80 °. Ampli- 
fiers. Photoelectric Alarms. Light Controlled Robot. 
Human Body Radiation Detector. "Perpetual Motion" 
Machine. Transistor Tester and many more. Price 8/6 
Post and pac. 1/6. YORK ELECTRICS, 181a, York 
Rd., London S,W.11. Send S.A.E. for details. 

BI -PAK SEMICONDUCTORS 
8 RADNOR HOUSE, 93/97 REGENT STREET 

LONDON, W.1 
LOW COST SILICON CONTROLLED RECTIFIERS 

50 PIV I Amp. 8/6 400 PIV 7 Amp. 30/- 
100 PIV 7 Amp. 10/6 100 Ply 16 Amp. 16/6 

Free Circuit Diagrams with SCR orders 

FREEOne 10 /- Pack of your own 
theme fihoorodeerr valued FREE 

50 Trans. mixed untested 
3 0C139 Trans. NPN Mullard 
2 Drift Trans. 2N1225 100 Mc /s 
6 Matched Trans. 0C44/45/81/81D 
4 OA10 Diodes Mullard 

15 Red Spot AF Trans. PNP 
15 White Spot RF Trans. PNP 

4 Sil. Recto. 3A, 100/400 PIV 
4 NPN Trans. OC139, 2N1308 
2 10 Amp Sil. Rect. 50/100 Ply 
8 Diodes 4 0A70, 4 0A79 

12 Amp SCR 100 Ply 
3 Sil. Trans. 25303 PNP 

10 Assorted Computer Diodes 
4 Zeners 5, 6.8, 10, 12 silts. 
4 2G417 Trans. Egvt. AFI 116/7 
2200 Mc /s Sil. Trans. B5Y26/7 
2 Bi- directional Trans. ASY66 
4 High Current Trans. 0C42 
2 Power Trans. 0C26/35 
5 Sil. Recto. 400 PIV 250mA 
3 OC71 Trans. Mullard 
3 OC75 Trans. Mullard 
3 NPN Sil. Trans. 70 Mc/s 
I Power Trans. 0C20 100 Vlts 
5 0A47 Gold Bonded Diodes 
4 0A202 Sil. Diodes Sub -Min 
8 0A81 Diodes Sub -Min. 
3 Sil. Recto. 400 PIV 500mA 

0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 
01- 
0/- 
0/- 
0/- 
0/- 
0/- 
0/- 

Tunnel Diodes IN3720 15/- 
Unijunction Trans. 2N2646 15 /- 
6 BY100 Sil. Rects 20/- 

IOOs of semiconductor bargains incl. Logic Modules send 2/6 for 3 
months mailing. Add II- post & packing per order. 

CASH WITH ORDER PLEASE. MAIL ONLY. 
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SMALL ADVERTISEMENTS 
Rate: 9d, per word. Minimum charge 12/-. 

Box No. 2/- extra. 

Advertisements must be prepaid and all copy must 
be received by the 4th of the month for insertion 
in the following month's issue. The Publishers 
cannot be held liable in any way for printing errors 
or omissions, nor can they accept responsibility for 
the bona fides of advertisers. (Replies to Box 
numbers should be addressed to: Box No. -, The 
Radio Constructor, 57 Maids Vale, London, W.9.) 

SERVICE SHEETS, 1925 -1965. From ls. Catalogue 
6,000 models, 2s. 6d. S.A.E. enquiries. -Hamilton 
Radio, 13 Western Road, St. Leonards, Sussex. 

GOVERNMENT SURPLUS electrical and radio 
equipment. Our new catalogue No. 16 ready now, 
2s. 6d. post free, cost refunded on purchase of goods 
over £2.- Arthur Sallis Radio Control Ltd., 93 
North Road, Brighton, Sussex. 

CONVERT ANY TV SET INTO AN OSCILLOSCOPE. 
Instructions and diagrams, 12s. 6d.- Redmond, 42 
Dean Close, Portslade, Sussex. 

FOR SALE. Oscilloscopes- Galvanometers- Evershed 
& Vignolles Meggers -Relays -Uniselector Switches 
-Solenoids. Also other items and components. 
Free list. Stamp please. -R. & E. Mart, Box 9 
G.P.O., Tunbridge Wells, Kent. 

A BARGAIN bumper parcel of components, resistors, 
condensers, smoothing- condensers, connecting and 
screened wire, sleeving, etc. Send 10s. P.O. to -WAVE- 
MECHS, 771a High Road, London N.17. 

TRANSISTORS. AUY10's 25s. OC26's 5s. BY100's 
4s. 1.5 watt Zener diodes, all voltages up to 47V, 
4s. 807 valve bases Is. 3d. All plus postage. S.A.E. 
for full lists. -2 Fitzgerald Avenue, Seaford, Sussex. 

PERFECT FINISH FOR YOUR EQUIPMENT? 
Use our paint spraygun. Works off car footpump. 
12s. 6d. complete. -8 Laurel Close, Colnbrook, 
Bucks. 

COMPONENTS BONANZA! Postage stamp brings 
Giant list! A. J. Bassett, Ginormous List, 28 Park 
Road, Chorley, Lancs. 

UNISELECTOR SWITCHES. 10 -way 3 banks plus 1 

homing bank. 12V. 25 -way 4 banks. 24V. 10 /6d. 
Selector drive units 12V, 5/ -. Post all 3/- each. J. Cooper, 
Outwell, Nr. Wisbech, Cambs. 

TO CLEAR BOOKSHELVES. "Radio Construction 
& Repairs" (Oliver), 5s. "Best SF Two" (Crispin), 
3s. 6d. "Again Switzerland" (Smythe), 7s. 6d. "Mathe- 
matics for the Million" (Hogben), 20s. "Jane's Fighting 
Ships 1958 ", £3. Box No. F267. 

WANTED. Ship's chronometer and sextant. Details 
and price to Box No. F268. 

FOR SALE. Grey hammer metal cabinet, 12 x 7 x lin, 
panel, lift up lid, 30s. Black ditto, 162 x x 7zin, 
panel & chassis, 10s. Small 4 watt amplifier, 250V a.c., 
mic /gram input in cabinet 6 x 6 x 52in, £2. Type 
197 coax relay, 7s. 6d. Valves, all at 3s. each: VT62, 
801A, CV1075, VT136, U14, 6B4G, 12AT7, 6ÁT6, 
955 with base, 6ÁG5, DL92, 3ML, EL91, ECC82, 
EF40, EB91, DK81, T20. 0.5µF 3,000V d.c. capacitors, 
2s. 6d. Large box paper capacitors µF range, 250 - 
500V d.c., wkg., 10s. -Box No. F270. 

continued on page 317 
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LOCAL HISTORY. "A Hundred Years In A Country 
Chapel ". An aspect of life in an Essex village. 64 
pages. 7s. post free from: -J. K. Sigournay, B.Sc., 
51 Hanging Hill Lane, Brentwood, Essex. 

WANTED. Early wireless valves and books prior to 
1925. Box No. F269. 

WANTED. Rupert Annuals -any past issues. -Box 
No. F271. 

WANTED. Accessories, lenses, etc. for the Zeiss Ikon 
"Contaflex ". -Box No. F272. 

WANTED. Cossor 1324 FM receiver alignment genera- 
tor in good condition. -K. Rathbone, 2 Raeburn 
Close, Cheriton, Nr. Alresford, Hampshire. 

"RADIO CONSTRUCTOR ". 68 back numbers 1955- 
1965. Other radio /TV magazines. Details :-77 
Merrion Avenue, Stanmore, Middlesex. 

FOR SALE. Top quality 1155 receiver mounted on 
matching metered power unit containing speaker. 
Supplied with manual. Price £12, carriage extra. 
Box No. F276. 

2N410 LIKE OC45 2s. each. 5 for 9s. 10 for 165. 8d. 
25 for 37s. 6d. Also NKT274 3s. 6d. each. NKT675 
4s. 8d. NKT773 5s. C.W.O. P.P. 6d. -Box No. 
F277. 

WANTED. Back issues of "The Radio Constructor" 
November 1963 to July 1964 inclusive, to complete 
volume. Reasonable price paid and postage. Details 
to : -Box No. F278. 

TRANSISTORS. NKT274 3/6d. each. NKT675 4/8d. 
each. NKT773 5/- each. For P. E. min -board projects. 
2N2147, BC107 7/6d. each. For W.W. 20 watt audio 
amp. C.W.O. P.P. 6d. Box No. F279. 

FOR SALE. Heathkits 1M -30U transistor tester, as new, 
£30; AO -1U audio sine /square signal generator, 
£16 10s. Od. Brenell Mark 5 Series 1 4 -speed tape 
recorder, fitted new Bogen heads ( track), latest 
frequency compensation networks, £40. Box No. F280. 

RECITALS OF RECORDED MUSIC. The second 
Saturday evening of each winter month. Next recital: 
10th December, 1966, 8 p.m. Woodford Green 
United Free Church, Woodford Green, Essex. Bus 
routes 20, 20A, 38A and 179 -alight at "The Castle" 
stop. Works by Tallis, Pergolesi, Handel, Gabrieli, etc. 

TECHNICAL DRAWINGS, Artwork, etc. Electronic 
and Radio Circuits a speciality. Moderate charges. 
-B. P. Meaney, 43 Forest Road, Worthing, Sussex. 

ARE YOU A MOTORING ENTHUSIAST ? The 
Seven Fifty Motor Club caters for all types of motor 
sport- racing, rallies, hill climbs, etc. Monthly 
Bulletin free to members. For full details write to: 
The General S ecretary, Colin Peck, "Dancer's End ", 
St. Winifred's Road, Biggin Hill, Kent. 

POSTAL ADVERTISING? This is the Holborn Service. 
Mailing lists, addressing, enclosing, wrappering, 
facsimile letters, automatic typing, copy service, 
campaign planning, design and artwork, printing and 
stationery. Please ask for price list. -The Holborn 
Direct Mail Company, 2 Mount Pleasant, London, 
W.C.1. Telephone: TERminus 0588. 

continued on page 319 

DECEMBER 1966 

BENTLEY ACOUSTIC CORPORATION LTO. 
38 Chalcot Road, Chalk Farm, 47 Norfolk Road, 
LONDON, N.W.I. LITTLEHAMPTON, Sussex. 
PRImrose 9090 Littlehampton 2043 

Please forward all mail orders to Littlehampton 

I R5 4/- 9D7 7/6 AZ3I 7/9 EF36 3/6 GZ34 10 /- PY801 6/3 
1S5 3/3 
IT4 2/6 

IOC 
I0C2 

12/6 
12/- 

DAF96 
DF96 

6/6 
6/6 

EF37A 
EF39 

7/- 
5/- 

GZ37 14/6 
HABC80 9/3 

U25 1If- 
U26 8/6 

3Q4 5/3 
3S4 4/3 

10F1 
10FI8 

9/9 
7/9 

DK92 
DK96 

8/- 
7/6 

EF4I 
EF80 

9/- 
4/3 

KT66 12/3 
PABC80 7/6 

U191 10,16 
U301 12/6 

3V4 5/- 
5Y3GT 4/9 

IOLDI I 

I0PI3 
9/6 

12/- 
DL96 
DM70 

6/9 
5/- 

EF85 
EF86 

4/6 
6/6 

PC86 8/6.1329 
PC88 8/6 

9/- 
U404 6/- 

5Z4 7/6 
6AQ5 4/9 

I0P14 
12AT6 

13/- 
4/6 

DY87 
E88CC 

6/9 
12/- 

EF89 
EF9I 

4/6 
3/- 

PC95 6/9 
PC97 5/9 

U801 I8 /- 
UABC80 5/- 

6AT6 4/- 
6AU6 5/9 

12AU6 
I2AV6 

5/9 
5/9 

EABC80 
EAF42 

5/9 
7/6 

EF92 
EF97 

2/6 
10 /- 

PC900 9/6 
PCC84 5/6 

UAF42 7/9 
UBC41 616 

6AV6 5/6 
6BA6 4/6 

128A6 
12 

5/3 
4/9 

EB9I 
EBC41 

2/3 
6/6 

EF98 
EF I83 

9/9 
6/9 

PCC85 6/9 
PCC88 10 /6 

UBC8I 6/6 
UBF80 5/6 

6BE6 4/3 
6BH6 5/3 

12BH7 
I9AQ5 

6/- 
7/3 

EBC81 
EBF80 

6/3 
5/9 

EF184 
EH90 

6/6 
9/6 

PCC89 10 /6 
PCC189 8/9 

UBF89 5/9 
UBL2I 10 /9 

6816 5/6 
6BQ7A 7/6 

20D1 
20F2 

l0 /- 
11/6 

EBF83 
EBF89 

7/3 
5/9 

EL33 
EL36 

6/6 
8/9 

PCF80 6/6 
PCF82 6/- 

UC92 6/3 
UCC84 8/- 

6BR7 8/3 
6BW6 7/6 

20LI 
20P3 

14/- 
16/- 

EBL2I 
EC92 

10/3 
6/6 

EL41 
EL42 

7/6 
7/9 

PCF84 8/6 
PCF86 6/- 

UCC85 6/6 
UCF80 8/3 

6CD6G 22/- 
6CH6 6/- 

20P4 
20P5 

16 /- 
16 /- 

ECC40 
ECC8I 

10 /- 
3/6 

EL84 
EL85 

4/6 
7/6 

PCF801 9/- 
PCF802 l0/- 

UCH2I 8/- 
UCH42 8/- 

6F1 9/6 
6F23 9/- 

30CI5 
30C17 

10/6 
11/6 

ECC82 
ECC83 

4/6 
4/6 

EL86 
EL95 

7/3 
5/- 

PCL82 6/6 
PCL83 9/9 

UCH8I ó/- 
UCL82 7/3 

6F24 10 /- 
óF25 10 /- 

30C18 
30F5 

7/6 
12/- 

ECC84 
ECC85 

5/6 
5/3 

ELL80 
EM71 

14 /- 
14 /- 

PCL84 7/6 
PCL85 8/6 

UCL83 9/- 
UF4I 7/9 

6F28 9/6 
615G 3/9 

30FLI 
30FL12 

13/- 
13/- 

ECC88 
ECC189 

8/9 
9/- 

EM80 
EM81 

6/- 
7/- 

PCL86 8/6 
PFL200 14/6 

UF42 4/9 
UF80 6/3 

6J70 4/6 
6K7G I/3 

30FLI4 
30L15 

10 /9 
12/6 

ECF80 
ECF82 

7/3 
6/3 

EM84 
EM85 

5/9 
12/- 

PL36 9/- 
PL8I 7/9 

UF85 6/9 
UF86 9/- 

6K8G 3/3 
6L6GT 7/9 

30L17 
30PI2 

11/6 
10 /- 

ECF86 
ECH2I 

I0 /- 
10 /- 

EM87 
EY51 

6/6 
5/6 

PL82 5/3 
PL83 6/- 

UF89 5/6 
UL4I 8/9 

6L18 10/- 
6LD20 6/6 

30P19 
30PLI 

10 /- 
13/6 

ECH35 
ECH42 

6/- 
8/- 

EY8I 
EY83 

7/3 
9/3 

PL84 6/3 
PL500 14/- 

ÚL84 5/6 
UM80 8/3 

6Q7G 5/6 
6SL7 4/9 

30PLI3 
30PL14 

13/6 
13/6 

ECH8I 
ECH83 

5/6 
7/6 

EY84 
EY86 

9/6 
5/9 

PY33 8/9 
PY80 4/9 

UY2I 9/- 
UY4I 5/9 

65N7 4/6 
6V6G 3/6 

30PLIS 
35W4 

13/6 
4/6 

ECH84 
ECL80 

9/- 
6/- 

EY88 
EZ40 

8/9 
5/6 

PY81 5/- 
PY82 4/9 

UY85 4/9 
VP4B 12/- 

6X4 3/9 
6X5 5/3 

85A2 
807 

616 
11/9 

ECL82 
ECL83 

6/6 
10 /- EZ4I 

EZ80 
6/3 
3/9 

PY83 5/6 
PY88 7/3 

X41 10 /- 
X78 26/2 

6/30L2 8/9 5763 7/6 ECL86 8/- EZ8I 4/3 PY800 5/9 X79 40/9 

Terms of business: Cash with order only. No C.O.D. Post /packing 6d. per 
item. Orde s over £5 post free. All orders despatched same day as received 
Complete ca alogue including transistor section and components with terms 
of business 6d. Any parcel insured against damage in transit for 6d. extra. 
We are open for personal shoppers 9 a.m. -5 p.m. Saturdays 9 a.m. -I p.m. 

Currently EX -STOCK 
are these LOW COS T 

SILICON PLANAR EPDXY ENCAPSULATED TRANSISTORS. 

1.TOT 
Type mW 

(max) 

fT 
MHz. 
(min) 

'FE 
ái lc 2mA, Vcc 10v. 

min. max. 

Typical 
Application 
or Features: 

Price. 

2N 2712 200 200 75 225 R.F. Amplifier. 10/8 
2N 2714 200 200 75 225 High speed switch. 7/7 
2N 2924 200 160 150 303 AF and RF amp. 6/9 
2N 3391 200 160 250 500 Low noise (1.9dB) I/9 
2N 3390 200 160 400. 800 HIGH GAIN 3/8 
2N 3402 900 160 75 225 Power Amp. 2/9 
2N 3403 900 160 180 540 Power Amp. 3/6 
2N 3662 200 700 PG: 15dB L 45MHz VHF Amp, /Osc. 5/3 
2N3663 200 700 PG: 23dB @, 200MHz VHF /UHF Amp /osc. 4/6 
2N 3854A 200 300 PG: 30dB (û, 4.5MHz 1 HF Amp. osc. 8/9 
2N 3855A 200 350 PG: 25dB (à! 10.7MHz Li & I.F., IN 9/- 
2N 3856A 200 375 PG: 2IdB9). 45MHz ITN. & F.M. etc. 10/3 
2N 3854 200 300 PG: 15dB (à:. I00M Hz 8/- 
2N 3877 200 

AND ALSO: 
160 20 (minimum) 

hfe 

Lamp /Relay driver 17/3 

2N 2926(Red) 200 200 55 IID General purpose 4/- 
(Orange) 90 18D RF and AF 4/3 
(Yellow) 150 300 applications. 416 

(Green) 235 47D 4/9 

*DEDUCT 10% from price quoted, for or more of any ONE device. 

P.S. -Have you received a copy of our current price list of transistors? Over 
1,000 items are listed together with an amendment bulletin covering substi- 
tutions for types no longer manufactured. Send a I /3d. P.O. for the above list 
OR send 2/- P.O. and receive in addition, brief semiconductor data summaries 
covering approx. 200 common transistors held in stock. (Both amounts are 
inclusive of being added to our Mailing List) and also details of our SEMI- 
CONDUCTOR INFORMATION SERVICE. 

Please odd 11- Postage & Packing on oil orders of E2 or less. 
MAIL ORDERS ONLY PLEASE. TERMS: C.W.O. 

M. R. CLIFFORD & COMPANY (C 5B), 
209A, MONUMENT ROAD, EDGBASTON, BIRMINGHAM 16. 
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Essential 
for the 

Short Wave 
Enthusiast 

"'RADIO AMAIEUR 

OPEHAIURS HANDßOOK 

u0kvxirshav77149/77av 

* AMATEUR PREFIXES 

* AMATEUR CODES 

* LOCAL TIME CONVERSIONS 

* OPERATING TECHNIQUE 

* FREQUENCY /WAVELENGTH 
CONVERSION TABLES 

* POST OFFICE REGULATIONS 

Many other- essential items 

64 PAGES Only 51. 

NEW STYLE 
SELF -BINDER 
for "The Radio Constructor" 

The "CORDEX" Patent Self -Binding Case 

will keep your issues in mint condition. 
Copies can be inserted or removed with 
the greatest of ease. 

Specially constructed Binding Cords are made from Super Linen 

of great strength, very hard twisted and twice doubled. They 

are attached to strong RUSTLESS Springs 

under tension, and the method adopted 

ensures PERMANENT RESILIENCE of 

the Cords. Any slack that may develop 

is immediately compensated for, and 

the Cords will always remain taut and 

strong. It is impossible to overstretch 

the springs, as a safety check -device is 

fitted to each. 

tA.otß }1tLI1aEt}R 

apoinYOa s HAslvBaoK *4KESURE 
Or YOUR 

\COPYiYOe 
Post this coupon, 

together with 
P.O. for 5/5 (to 

include postage) to 
Data Publications 

Ltd., 57 Maida Vale, 
London W 9 

Please send me the 10th edition of "THE RADIO AMATEUR 
OPERATOR'S HANDBOOK ", Data Book No. 6. 

I enclose cheque /crossed postal order for .................... ............................... 

NAME....................................................................................................... ............................... I 

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

BLOCK LETTERS PLEAS) 
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PRICE 15I' Post Free 

Available only from: 

Data Publications Ltd. 
57 Maida Yale London W9 
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"MEDIUM WAVE NEWS" Monthly during DX 
season - Details from: B. J. C. Brown, 60 White 
Street, Derby. 

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. Monthly 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., 35s. per annum. -Secretary, 
ISWL, 60 White Street, Derby. 

SITUATIONS VACANT 
HI -FI FITTERS REQUIRED and older responsible 

men preferred. A high standard of work will be well 
rewarded. Permanent positions with good working 
conditions. LARGS of HOLBORN, 77 High Holborn, 
London, W.C.1. (CHA 2626. Mr. Barrows). 

MORSE ME 

The famous RHYTHM `RECORDED COURSE cuts the 
practice time down to an absolute minimum. 

One student, aged 20, took only 13 DAYS, and another, aged 69, 
took under a week to read 18 wpm. If you wish to read Morse 
easily and naturally please enclose 8d. in stamps or two inter- 
national reply coupons for full explanatory booklet to : G3HSC /D 
45 GREEN LANE PURLEY SURREY. UPLands 2896 

HAMMERITE OR PANELS, ME ALWORK, ETC. 
3/6 TIN ® JUST BRUSH ON WITHSTANDS 150 °C, OIL, WATER ETC. 
COLOURS: blue, silver, black, or bronze. 
2 =,oz tins, 3/6. f pint, 7/6. I pint, 15/ . f gallon, 35/ * I gallon 58/ .° 
Carr. up to 5/ , 9d., up to 10 / , 1/9, over 10 / . 3/ . 'Sent by road. 
From component shops or direct from the manufacturer: 
FINNIGAN SPECIALITY PAINTS (RC) Mickley Square, Stocks - 
field, Northumberland. Telephone: Stocksfield 2280 

TREMENDOUS VALUE -Bulk Component Offers 

* ASSORTED RESISTORS -Hi -Stab. 300 off (5% 1/10 to 1/2 Watt) 15s. 

* ASSORTED CAPACITORS -New Miniature Electrolytic, Polyester, 

Paper etc. 100 off 9s. 6d. 

* TRANSISTORS -0C44, 45, 70, 72, 81 & 81 D Equivalents 3s. 
(P & P 1s. 6d. per order, C.W.O.) 

El mbridge Instruments Ltd. Island Farm Avenue 
West Molesey. Surrey 

A GUIDE TO SURPLUS COMMUNICATION RECEIVERS 

A detailed guide to thirty -one receivers, including the 
HRO, AR88, CR100, R107, R1155, PCR, 52 set, etc 

7/6, P. 8 P. 1/- Mail order only to: 

ADKINS, Dept. RC, 72 Courtenay Ave., Harrow, Middlesex 

DECEMBER 1966 

IF YOU'RE 

Mortgage 
Protection 

BUYING A HOUSE 

is the best Policy for you 
If you're buying your house with the help of a 
Building Society or a private loan, a "Yorkshire" 
Mortgage Protection Policy will take care of your 
outstanding payment in the event of your premature 
death. And, if you wish, you can arrange a Protection 
"Plus" Policy, which gives you a substantial cash 
return at the end of the mortgage term. It costs so 
little yet means so much to your dependants. Leave 
them a home not a mortgage! 

Please send for further details, without any 
obligation, of course. 

THE YORKSHIRE INSURANCE COMPANY LTD 

Chief Offices: Rougier Street, YORK 
and Becket House, 36 -37 Old Jewry, LONDON E.C.2 

Please send me further particulars of the 
"Yorkshire" Mortgage Protection Policy 

Address. 

J/B 
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CHASSIS 
and 

CASES by 
-ED:GWAREROÄD 

287/9 Edgware Road 
London W2 

TELEPHONE 

PADdington 5891/7595 

CASES Type W 
ALUMINIUM, SILVER HAMMERED FINISH 

type Size Price Type Size Price 
U 4x4x4 "" 10/- Y 8x6x6" 26/6 
U 5 ¡x4 }x4f" 15/6 Y 12x7 x7" 41/- 
U 8x6x6" 21/- Y 13 x7 x9" 46/- 
U 15 x9 x9" 44/6 Y 15 x9 x7" 48/6, 
W 8x6x6" 21/- Z 17x10x9" 66/ -¡ 
W 12x7x7" 34/- Z 19x10x8+" 71/ -. 
W 15 x9 x8" 44/- f 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. 

(Maximum length 35 ", depth 4 ") 
SEND FOR ILLUSTRATED LEAFLETS or order 
straight away, working out total area of material re- 
quired (including waste) and referring to table below 
which is for four -sided chassis in 16 s.w.g. aluminium 

48 sq. in. 4/6 176 sq. in. 9 00 304 sq. in. 15/2 
80 sq. in. 5, /10 208 sq. in. 11/2 336 sq. in. 16/6 

112 sq. in. 7/2 240 sq. in. 12/6 368 sq. in. 17/10 
144 sq. in. 816 272 sq. in. 13/10 and pro rata 

P. & P. 3/- P. & P. 3/6 P. & P. 4/- 
Discounts for quantities. More than 20 different 

sizes kept in stock for callers. 
FLANGES (; "or f "), 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS 
Any size up to aft at 6/- sq. ft. 16 s.w.g. (18 s.w.g. 5/3). 

Plus postage and packing 

BRASS COPPER LIGHT ALLOYS ALUMINIUM 
BRONZE STAINLESS STEEL 

ROD, BAR, SHEET, TUBE, STRIP, WIRE. 3,000 STANDARD STOCK SIZES 

No Quantity too small List on application 

H. ROLLET & CO LTD 
HOWIE ST. LONDON SW11 BATtersea 7872 

Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow 

the unique PANL black crackle paint 
4 / -d. per 1/8 pt. Can 

(We regret we can only supply on cash with order basis) 

BRUCE MILLER LTD., 
219 Coastal Chambers, 
Buckingham Palace Road, S.W.1. 

NEW ELECTRONICS CATALOGUE 

The convenient way to shop for all your 
electronic needs. Everything from single 
components to complete Hi -fi outfits, all at 
highly competitive prices. 

Send P.O. for 1/6 to: 

Dept. RC /2 

dca ELECTRONICS LIMITED 
28 UXBRIDGE ROAD, EALING W.5 

Adams- Norken Limited 
THERE IS AN ADAMS - NORKEN 
SOLID STATE MODULE TO SUIT 
ANY TAPE OR HIFI APPLICATION 
Adams -Norken manufacture a range of all transistor 
sub units. These include a tape oscillator, recording 
amplifier, a range of pre -amplifiers and a range of 
power amplifiers. SEND 1/6 FOR DETAILED ILLUS- 
TRATED BROCHURE. 

ADAMS- NORKEN LTD. 76 VICTORIA ROAD. 
Tel.: Swindon 27660 SWINDON, WILTS. 

BUILD YOUR CIRCUITS 

on 

VEROBOARD 
-the Universal Wiring Board - 
obtainable from your local retailer 

If in difficulty write to 

NORMAN ROSE ( ELECTRICAL) LTD 
8 St. Chad's Place Grays Inn Road London W.C.1 

THE RADIO CONSTRUCTOR 

ANNUAL SUBSCRIPTIONS to this magazine 
may be obtained direct from the publishers 

ONLY 36/- per year, post free 
Please send remittance with name and address and commencing issue required to: 

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 

Please mention THE RAD 1 O CONSTRUCTOR when writing to advertisers 
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DATA BOOKS SERIES 

NOW AVAILABLE - NEW REVISED AND ENLARGED EDITION 
DB5 TV Fault Finding 

124 pages. Price 8/6, postage 6d. 
Profusely illustrated with photographs taken from a televisor screen depicting the faults under discussion 
and containing a wealth of technical information, with circuits, enabling those faults to be eradicated. 
Now includes B.B.C.II as well as B.B.C.I and I.T.A. 

" . A book that should be in every television dealer's service workshop, and in every home -constructor's, for 
that matter. " - Journal of the Television Society. 

DB6 The Radio Amateur Operator's Handbook 
64 pages. Price 5/ -, postage 5d. 
Contains Amateur Prefixes, Radio Zone Boundaries, Amateur Band Frequency Allocations, Call 
Areas, Charts and Maps, Areas, Codes, Mileage Tables, Prefixes /Directional Bearings, Post Office 
Regulations, and much other useful operating data. For the beginner there are notes on how to use 
the mass of information given to obtain the greatest satisfaction from the hobby. 
.. For concise knowledge in this field a few shillings well worth spending. " -Electronics (Australia). 

DB14 Short Wave Receivers for the Beginner 
72 pages. Price 6/ -, postage 6d. 
Contains a selection of both battery and mains operated short wave receivers, circuits, point -to -point 
wiring diagrams and many illustrations. Introductory chapter gives much information on the Short 
Wave Spectrum, Clubs, QSL'ing, Aerials, Amateur and Broadcast Band Listening, Frequencies, etc. 

This book has been specially prepared for the beginner interested in short wave receiver construction and operation. 
DB15 Twenty Suggested Circuits 

48 pages. Price 3/6, postage 5d. 
By G. A. French. Covers subjects ranging from electronic laboratory equipment to the simplest 
of periodic switches. Includes: simple and inexpensive two -valve capacity bridge, short wave regenera- 
tion preselector, one -valve speech operated switching circuit, transformer ratio analyser, series noise 
limiter, receiver remote mains on -off control, and many other circuits. 

DB16 Radio Control for Models 
192 pages. Price 15/ -, postage 9d. 
By F. C. Judd. Contains both theory and practical designs of simple and advanced transmitters and 
receivers; basic concepts, aerials, uses of radio components, transistorised receivers, multi -channel 
operation, etc. Sections on servo -mechanisms by Raymond F. Stock. 

More than 200 illustrations. Circuits, photographs, tables and working diagrams. 

DB17 Understanding Television 
512 pages. Price 37/6, postage 3/- 
By J. R. Davies. This book, which deals with the principles of 625 line reception as fully as 405 line 
reception, fully explains: the nature of the television signal; the cathode ray tube; receiver tuner units; 
receiver i.f. amplifiers; a.f. and video amplifiers; vertical and horizontal timebases; deflector coil 
assemblies; synchronising; automatic gain and contrast control; power supplies and receiver aerials. 
Also includes a comprehensive introduction to colour television. "... one of the best books that aims to explain television in simple language...." R.S.G.B. Bulletin. 

I enclose Postal Order /Cheque for in payment for 

NAME 

ADDRESS 

(Please use Block Capitals for both name and address) 

Postal Orders should be crossed and made payable to Data Publications Ltd. 
Overseas customers please pay by International Money Order 

All publications are obtainable from your local bookseller 

Data Publications Ltd., 57 Maida Vale, London W.9 



MAYFAIR PORTABLE ELECTRONIC ORGAN 
Build the World's first All- Transistor 
Portable Electronic Organ Kit 

Plug -in printed circuits 170 transistors and devices 10 selected 
tone colours Fully sprung keyboard Vibrato 6 Octaves of 
generators Simple locked -in tuning 110/250 volt mains unit 

Cabinet size 30 *" x 15 *" x 9" Weight 35 lb. Cabinet with detach- 
able legs, music stand and foot swell pedal Fully detailed building 
manual with photos, drawings and full circuits. 

° Cabinet 
KIT with 09 GNS. 

Cabinet and Handbook 11/ 

CALL IN FOR 
DEMONSTRATION 

i 
(Carriage 

and Packing 
30/- extra) ' Detailed leaflet 

on request 

10 & 20 W Mono & Stereo 
(9) POWER AMPLIFIERS. 10 watts RMS output. 100mV input. 
30 c/s to 20kc /s f IdB. 6 -Tran- sistor Push -pull. Panel size 4" x 24." x I ". H/S 4" x 4 ". 
TPA10 /3 3 -50 spkr. £4.10.0, 

P.P. 2/6 
TPA10/15 12 -160 spkr., 65.5.0, 

Pp. 2/6 
(Mains unit for I or 2 amplifiers, 

59/6, P.p 2/6) 

The finest High Fidelity at 
Unbeatable Prices 

(7) 

(9) 

(4) 

(1) 

FM STEREO DECODER 
7- Transistor Printed Circuit 
Design with Stereo Indicator. 
For use with any valve or 
transistor FM. Uses pot 
cores to Mullard design and 
ger. and silicon transistors. 
Complete P.P. 
Kit Price 2/- 

Latest transistor Rectifier 14 
page catalogue free on request 

CM 

(2) MW /LW QUALITY 
TRANSISTOR RADIO TUNER 

Fully tunable superhet with excellent 
sensitivity and selectivity. Output up to a volt peak. Complete with front 
panel, etc. 9 volt operated. For use with 
TOTAL COpSTer 

or tape recorder. 

TO BUILD 63.19.6 276 

(4) BUILD A QUALITY 2 OR 4 TRACK TAPE RECORDER 
New 3 -speed version using new 
'363' decks TWO- TRACK. Deck 610.10.0 
Martin Amplifier 614.19.6. Cabinet 
and speaker 7 gns. Complete kits with FREE 7in. 1200ft. tape, spare sool. 
Today's Value £45 27 gns. 15 //- 

FOUR- TRACK. Deck 613.10.0. Martin Amplifier 615.19.6. Cabinet 
and speaker 7 gns. Complete kits with FREE 7in. 1200ft. tape, spare 
spool. P.P. Today's Value £50. 30 gns. 15/- 

Transistor Amplifiers 
(10) PREAMPLIFIERS. 8 input 
selector. Treble, bass, volume, filter controls. I }mV to 300mV 
inputs. Battery operated or from 
Mains Unit. Output up to 15OmV 
RMS. 

MP2 9 +" x 2 +" x 2 ". E5.10.0,p.p. 
2/6 (grey and gold front panel 8/6) 

SP4 Mono /Stereo, 9" x 3k" x le ", 
£10.19.6, p.p. 3/6 (front panel 
plate 12/6). 

ALL UNITS BUILT AND TESTED 

(I) REGENT -6 MW /LW 
Pocket Radio to Build 
6- Transistor superhet. 
Geared tuning, Push -pull 
speaker output. Moulded 
cabinet 5 x 3 x I }in. 
Phone socket. 
TOTAL COST 69 
TO BUILD P.P. 2/- 
Full tuning on both 
bands 

TUNNEL DIODES 
I mA 22/6; 5mA 15/-; 
15mA 12/6. Brand new at 
fraction of normal price. 
Free Specs. supplied. 

35 watt transistor amplifier 67.19.6. 
p.p. 3/ -. (mains int. 79/6, p.p. 3 / -) 

(3) 5 WATT AMPLIFIER 
6- Transistor Push -pull, 3 ohms. 6mV 
into IK. 12 /I8V supply, 2{ x 2 x 1 +in. 
BUILT AND TESTED P.P. 
(optional mains units 54/ -) 69/6 2/ If watt version 59/6. 
Matching Preamplifier, 6 inputs, 
treble /bass /selector volume controls. 
6 -10mV o /put. 9 -I8V supply. 79/6, 
P.P. 2/ -. 
For use with only Transistor Amplifier 

(5) VHF FM TUNER TO BUILD 
87/105 Mc /s Transistor Superhet. 
Geared tuning. Terrific quality and sensitivity. For valve or transistor 
amplifiers. 4 x 3; x 2 #in. Complete with dial plate. (FM Decoder Kit 
65.19.6. P.P. 2/ -). 
TOTAL COST £6.19.6 P.P. TO BUILD 2/6 

(Cabinet Assembly 20/- extra) 
(6) GARRARD DECKS -BRAND NEW FULLY GUARANTEED 
1000 mono £5 19 6 SP25 stereo £10 10 0 4011esscart. /armE27 10 0 1000 stereo £6 6 0 SP25 Deram 612 19 6 AT6 mono £8 19 6 2000 mono £6 6 0 AT60 less cart. £9 19 6 AT6 stereo E9 10 0 2000 stereo £6 9 6 AT60 mono £10 10 0 AT6 Deram £1I 19 6 3000Im stereo E7 10 0 AT60 stereo £10 19 6 Deccadec Mk.11 117 17 0 SP25 less cart. £9 10 0 AT60 Deram £13 10 0 A70 less cart. £17 17 0 SP25 mono £9 19 6 LAB80 less c rt.£27 0 0 (P. & P. 5/- any type) All other makes of decks and cartridge in stock 

(7) GLOBEMASTER MW /LW /SW 
PORTABLE RADIO TO BUILD 
Full 3- waveband tuning. Pushbutton 
wavechange. 6- transistor. Superhet 
printed circuit. Blackchromed cabinet 
11 x 7- x 3 }in. (SW 17 -50m). Ear/ 
Record sockets. I watt Push /Pull o /put. 
TOTAL 

BUILD 
COST 

TO £7.19.6 3/6 

STABILISED POWER SUPPLY 
Two outputs. 3.6 volts and 9.6 volt 
up to 250mA each. Transistorised 
and Tuner stabilised. 110 to 250 volt mains input. In case with leads. 
Price 67/6, p.p 2/6. 

SCR's (Thyristors) 
50 PIV 7/6. 100 PIV 7/6. 200 PIV 12/6. 
300 PIV 15, -. 400 PIV ,280V Rms) 17/6. 
100 PIV, 3'Amp Stud Type 9/6.400 PIV, 
7 Amp (280V Rms) Stud Type 25/ -. 

.111. 

(8) TOURMASTER CAR RADIO 
7- Transistor MW /LW Car Radio. 12 volt operated. 3 watt output, Push- 
button wave- change. RF stage. Sup- 
plied built, boxed, ready to use with 
Speaker and Baffle. Car fixing kit and 
manufacturers' current guarantee. 
Special Bargain Offer. Buy Now! 
List Price 13 ns. 
PRICE £11.9.0 P.P. 3/6 

HENRY'S RADIO LTD. 
303 Edgware Road, London, W.2 

PADdington 1008/9 (STD 01- 723 -1008) 
Open Mon. to Sat. 9 -6. Thurs. . I P.m. 

We can supply from stock most of 
the parts specified on circuits in 
this magazine. Send list for quota- 
tion. Ask for new 4 -page catalogue 
supplement also list of high fidelity 
equipment. Discounts available. 

(II) GARRARD BATTERY 
2 -SPEED TAPE DECK 

Brand New with R/P head, erase /osc. 
head, tape cassette. Specifications and 
osc. circuits. 2 speed 2 -track 9 volt operated. List Price 13 gns. 

PRICE £8.19.6 P.P. 

(5) 

(8) 

(3) 

LATEST 
CATALOGUE 
Have you a cony? 
Fully detailed 
and illustrated. 
150 pages of 
components, 
equipment, etc. 
Over5,000stock 
items. PRICE 
6, -, post paid. 
Free discount 
vouchers with 
every catalogue. 

IItSOl'S 01010 LTD 09 

You cannot afford to be without 
a copy of this catalogue 

t 

t 

t 


