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Each £3 unit of Home Unit Insurance gives you protection up to the limit shown 

This is the simplified insurance you have been waiting for. 

Not just cover on the contents of your home but a 

package of personal protection you and your family need. 
And it's how we save you so much money: just ONE 
policy to issue instead of nine! 
You can build up to the cover you need by additional units 

(or # units after the first) up to a maximum of five. So 
simple. So easy. Apply to your Broker, Agent or local office 
of a General Accident company. 
The Home Unit Policy can replace your existing insurances 
And remember- as you buy more possessions just add 
more Home Units at any time. Quote Ref. 20/9468 

THE GENERAL ACCIDENT FIRE & 
LIFE ASSURANCE CORPORATION LTD 

Metropolitan House, 35 Victoria Avenue, 
Southend-on-Sea, Essex, SS2 6BT 

It pays to be protected by a 
Pant 

Please send me further particulars of 
the Home Unit Insurance. 

Name 

Address 

2019468 
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!FROM 81-PRE-PAKJ 

Stir -Una Sound products 
UNIT 1 PRE-AMP/CONTROL 
SUPERB VALUE AT 

£7.80 
WITH ACTIVE 
TONE CONTROL 
CIRCUITRY 

UNIT I, latest addition in the 
Stirling Sound range of realisti- 
cally priced constructional mod- 
ules is going to assure many 
many more constructors of 
obtaining quality where price 
has prevented it before. UNIT I 

offers full stereo facilities, is 
guaranteed and easy to connect 
up. 

STEREO MODEL 

Input sensitivity -50 mV, ad- 
justable 
Output -200 mV for 50 mV in 
Bass control -1- IS dB at 30 Hz 
Treble control- i-_ 15 dB at 
10 kHz 
Balance control; volume con- 
trol; " spindles throughout 
Operating voltage-l0 to 16V 

MADE IN OUR OWN FACTORY IN ESSEX 

MORE POWER -LESS SPACE 

GREATER VALUE 
SS.140 MK.3 

POWER 
AMP. 

Built for 
hard work 

40 WATTS 
R.M.S. 
INTO 4û 

£3.95 
8% V.A.T. 

Build and save with Stirling Sound 
BASIC MODULES FOR BUILDING UP TO A STEREO TUNER -AMP 
* POWER AMPS 
SS.103 3W r.m.s. amplifier incorporating I.0/SL60745. 

With current, short-circuit and thermal protec- 
tion £1.75 

SL.103-3 Stereo version of above £3.25 

SS.105 5W amplifier to run from 12V (34" x 2" x .1") £2.25 

SS.110 Mk. 3 Similar to SS.105 but more powerful 
giving 10W into 4 ohms, using 24 volts £2.75 

SS.120 Mk. 3 20W module when used with 34 volts 
into 4 ohms £3.00 

* CONTROL 
SS.100 Active tone control, stereo, ± 15dB cut and 

boost with suitable network £1.60 

SS.101 Pre -amp for ceramic p.u., radio & tape with 
passive tone control details £1.60 

SS.102 Stereo pre -amp with R.I.A.A. equalisation, mag., 
p.u., tape and radio in. £2.25 

* POWER STABILISER 
SS.300 Add This to your unstabilised supply to obtain a 

steady working voltage from 12 to 50V for your 
audio system, workbench etc. Money saving and 
very reliable £3.25* 

SS.310/50 Stabilised power unit with infinitely variable out- 
put from 10 to 50V D.C. with protection against 
shorting and full size heat sink (p/p 50p) £11.00 

* F.M. TUNING 
SS.201 Front end, geared drive capacitor tuning, 88-108 

MHz. AFC facility £5.00 

SS.202 I.F. amp A meter and/or A.F.C. can be con- 
nected (size 3" x 2") £2.85 

SS.203 Stereo decoder 
For use with Stirling Sound modules, or with any 
other good mono F.M. tuning section. A L.E.D. 
beacon can be added to indicate when a stereo 
signal is tuned in (3" x 2") £3.85 

Resulting from research and 
development, the Mk.3 version 
of this most popular power amp. 
now includes built-in output 
capacitor with improved stability 
under severest working condi- 
tions. Greatly used for P.A., disco 
and similar work, SS.140 offers 
fantastic value for the price. 

Stirling Sound 
POWER 
PACKS 
with low volt 
take off 
point 

noW 7 
models to 

choose from 

Not only do these excellent power 
packs stand up unflinchingly to hard 
work, inclusion of a take off point at 

s5.253 around 13-15 V adds to their useful - 

TERMS OF BUSINESS: 
NEW SHOWROOM 

We have extended our premises 
and opened up a new demonstra- 
tion showroom. All welcome. 

VAT at 12)% must be added to total value of order except for items marked 
or (8%) when VAT is to be added at 8%. No VAT on overseas orders. POST 
& PACKING add 30p for UK orders unless marked otherwise. Minimum mail 
order acceptable -51 Overseas orders, add £1 for postage. Any difference 
will be credited or charged. PRICES subject to alteration without notice. 
AVAILABILITY All items available at time of going to press when every 
effort is made to ensure, correctness of information. 

Order your Stirling Sound products from 

BI-PRE-PAK LTD 
Co Reg No 820919 

222 224 WEST ROAD, WESTCLIFF ON SEA. ESSEX SSO 9DF. 

TELEPHONE: SOUTHEND (0702) 46344 
CHEQUES/MONEY ORDERS PAYABLE TO BI-PRE-pAK LTD. 

66 

ness and once again price value is 
outstanding. 
Add 50p for p/p any model. 

Made to serve for years 
SS.312 12V/1A £3.75* 
SS.318 18V/1A £4.15* 
SS.324 24V/1A £4.60* 
SS.334 34V/2A £5 20* 

SS.345 45V/2A £6.25* 
SS.350 50V/2A £6.75* 

Direct from the makers and obtainable only 
from Bi -Pre -Pak Ltd. Stirling Sound prod- 
ucts are designed by professional experts 
and made in our own factory. They are 
distributed exclusively through BiPre-Pak 
Ltd. 

TO STIRLING SOUND (BIPRE.PAK LTD.), 
ROAD, WESTCLIFF-ONSEA, ESSEX SSO 913F 

220,222 WEST e 
Please send 

Inc. V.A.T. 

for which I enclose £ 

NAME i 

1 
I 

in ma O um lam---u-fm-am rill - 
RADIO & ELECTRONICS CONSTRUCTOR 

ADDRESS.. 
REC9 
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SPEAKERS 
Baker Group 25, 3, 8 or 15 ohms 
Baker Group 35, 3, 8 or 15 ohms 
Baker Group 50/12 8 or 15 ohms 
Baker Group 50/15 8 or 15 ohms 
Baker Deluxe 12" 8 or 15 ohms 
Baker Major 3, 8 or 15 ohms 
Baker Superb 8 or 15 ohms 
Baker Regent 12" 8 or 15 ohms 
Baker Auditorium 12" 8 or 15 ohms 
Baker Auditorium 15" 8 or 15 ohms 
Castle BRS/DD 4/8 ohms 
Celestion G12M 8 or 15 ohms 
Celestion G12H 8 or 15 ohms 
Celestion G12/50 8 or 15 ohms 
Celestion G12/50TC 8 or 15 ohms 
Celestion G15C 8 or 15 ohms 
Celestion G18C 8 or 15 ohms 
Celestion HF1300 8 or 15 ohms 
Celestion HF2000 8 ohms 
Celestion MH1000 8 or 15 ohms 
Celestion CO3K 

Decca London ribbon horn 
Decca London CO/1000/8 Xover 
Decca DK30 ribbon horn 
Decca CO/1/8 Xover (0K30) 

EMI 14x 9 Bass 8 ohms 14A770 
EMI 8x 5, 10 watt, d/cone, roll surr. 
EMI d/cone, roll surr. 8 ohms 
Elac 59RM109 (15) 59RM114 (8) 
Elac 63" d/cone, roll surr. 8 ohms 
Elac 10" 10RM239 8 ohms 
Eagle Crossover 3000hz 3, 8 or 15 ohms 
Eagle FR4 
Eagle FR65 
Eagle FR8 
Eagle FR10 
Eagle HT15 
Eagle HT21 
Eagle MHT10 
Eagle FF28 multicell. horn 

WILMSLOW AUDIO 
THE Firm for speakers! 

19.00 
110.75 
£ 14.00 
£ 18.62 
£ 12.38 
£ 10.69 
£16.31 

£9.00 
£ 14.65 
£ 19.41 

Fane Pop 15, 8 or 16 ohms 
Fane Pop 33T, 8 or 16 ohms 
Fane Pop 50, 8 or 16 ohms 
Fane Pop 55, 8 or 16 ohms 
Fane Pop 60, 8 or 16 ohms 
Fane Pop 70, 8 or 16 ohms 
Fane Pop 100, 8 or 16 ohms 
Fane Crescendo 12A, 8 or 16 ohms £37.95 Tannoy 10" Monitor HPD 
Fane Crescendo 12BL, 8 or 16. ohms £39.95 Tannoy 12" Monitor HPD 
Fane Crescendo 15/100A. 8 or 16 ohms £49.95 Tannoy 15" Monitor HPD 
Fane Crescendo 15/125, 8 or 16 ohms £57.95 Wharfedale Super 10 RS/DD 8 ohms 

£9.28 
113.50 
116.75 
£ 16.50 
£18.00 
£26.95 
£34.50 

£6.98 
£8.55 

£ 13.50 
£4.46 

129.95 
16.95 

f 19.9 5 

f 4.75 

SPEAKERS 
Fane Crescendo 18, 8 or 16 ohms 
Fane 910 Mk.11 horn 
Fane 920 Mk.11 horn 
Fane HPX1 crossover 200 watt 
Fane 13 x8, 15 watt dual cone 
Fane 801T 8" d/c, roll surr. 
Goodmans Axent 100 
Goodmans Audiom 200 8 ohms 
Goodmans Axiom 402 8 or 15 ohms 
Goodmans Twinaxiom 8, 8 or 15 ohms 
Goodmans Twinaxiom 10, 8 or 15 ohm 
Goodmans 8P 8 or 15 ohms 
Goodmans 10P 8 or 15 ohms 
Goodmans 12P 8 or 15 ohms 
Goodmans 12PG 8 or 15 'ohms 
Goodmans 12PD 8 or 15 ohms 
Goodmans 12AX 8 or 15 ohms 
Goodmans 15AX 8 or 15 ohms 
Goodmans 15P 8 or 15 ohms 
Goodmans 18P 8 or 15 ohms 
Goodmans Hifax 750P 
Goodmans 5" midrange 8 ohms 
Gauss 12" 
Gauss 15" 
Gains 18" 
Jordan Watts Module, 4, 8 or 15 ohms 
Kef T27 

£11.92 Kef 715 
£3.56 

Kef 8110 £3.38 £3.38 Kef B200 
£3.83 Kef B139 
£3.83 Kef 0N8 
fí.75 Ke DN12 
£5.51 Kef DN13 SP1015 or SP1017 
£8.95 Lowther PM6 

£11.95 Lowther PM6 Mk.l 

£14.06 Lowther PM7 

£4.06 
Peerless K010DT 4 or 8, ohms 

£4.95 
Peerless DTIOHFC 8 ohms 
Peerless KO4OMRF 8 ohms 

£4.00 Peerless MT225HFC 8 ohms 
£5.95 Richard Allan CA12 12" bass 
15.50 Richard Allan HP8B 
19.75 Richard Allan LP8B 

£1[.5(1 Richard Allan DT20 
£15.50 Richard Allan CN8280 
£17.95 Richard Allan CN820 
£18.75 Richard Allan Super Disco 60W.12" 
£27.95 STC 4001G 

SPEAKER KITS 
£67.95 Baker Major Module 3, 8 or 16 ohms each £13.28 
£15.75 Goodmans DIN 20 4 or 8 ohms each £13.28 
£39.95 Goodmans Mezzo Twin kit pair £48.50 

£2.50 Helme XLK 20 ' pair £17.50 
£5.50 Helme XLK 30 pair £21.95 
£8.96 Helme XLK 35 pair £26.75 
£7.60 Helme XLK 40 pair £38.50 

£13.46 KEFkit 1 pair £51.00 
£ III each 146.00 

£9.5019.80 PeerlessKEFkit 1060 pair £54.00 
s £9,86 Peerless 1070 each £46.50 

16.20 Peerless 1 120 
16.50 Peerless 2050 

t 14.95 Peerless 2060 
£16.50 Richard Allan Twin assembly 
£16.95 Richard Allan Triple 8 

£39.00 Richard Allan Triple 12 

£45.00 Richard Allan Super Triple 
£22.50 Richard Allan RA8 Kit 
£39.00 Richard Allan RA82 Kit 
£16.00 Richard Allan RA82L Kit 
£4,05 Wharfedale Linton II Kit 

£95.00 Wharfedale Glendale 3XP Kit 
£110.00 Wharfedale Dovedale Ill Kit 
£121.00 Denton 2XP Kit 

COMPLETE KITS IN STOCK FOR 
RADFORD STUDIO 90, RADFORD MONITOR 180, 
RADFORD STUDIO 270, RADFORD STUDIO 360, 

HIFI ANSWERS MONITOR (Rogers), HIFI NEW NO 
COMPROMISE (Frisby), HI FI NEWS, STATE OF THE 

ART, WIRELESS WORLD, TRANSMISSION LINE 
(Bailey), PRACTICAL HIFI & AUDIO MONITOR (Giles), 

PRACTICAL HIFI & AUDIO TRIANGLE (Giles), 
POPULAR HIFI (Colloms) ETC. 

On Dem. Answers Monitor, State of Art etc. 
Construction leaflets for Radford, Kef, Jordan Watts, 

Tannoy, HIFI Answers Monitor, Free on request' 
PA Amplifiers, microphones etc. by 

Linear, Shure, Eagle, Beyer, AKG etc. 
FREE with orders over £10 

"Hi-Fi Loudspeaker Enclosures" Book 

£15.36 

£5.18 
£6.25 
£6.75 
£7.85 

£ 15.08 
£2.08 
£5.39 
£4.05 

£30.60 
£32.85 
£48.60 

£7.25 
£8.26 
£9.50 
£2.95 

£ 19.80 
£11.93 

£8.33 
£6.08 

£ 16.20 
f3.15 

£ 16.95 
£5.90 

£78.00 
£86.00 
£99.95 
£13.50 

each £54.00 
pair £39.50 
pair £53.00 

each £13.46 
cacti £20.25 
each £25.16 
each £29.25 
pair £37.80 
pair £59.40 
pair 85.70 
pair £21.50 
pair £47.70 
pair £59.40 
pair £23.25 

HI-FI 
ON DEMONSTRATION 

in our showrooms: 
Akai, Armstrong, Bowers & Wilkins, Castle, 

Celestion, Dual, Goodmans, Kef, Leak, Pioneer, 
Radford, Richard Allan, Rotel, Tendbera. Trio, 

Videotone. Wharfedale, etc. L Ask for our HiF1 price list - 
THIS MONTH'S SPECIALS (Carr. £2.00) 

Pioneer SX737 £179.00 
Rotel RD20 £135.00 Rotel RA312 £58.00 

Videotone Saphir 1 pr. £52.00 
Videoton Minimax 2 pr. £43.00 

We stock the complete Radford range of 
amplifiers, preamplifiers, power amplifiers, 

tuners etc., and also Radford Audio Laboratory 
equipment, low distortion Oscillator; distortion 

measuring set, audio noise meter etc. 
Ai I 0hICFS INCLUDF'\ AT 

(Prices correct at 5/8/7,6) 
Send stamp for free 32 -page booklet 

"Choosing a Speaker" 
All units guaranteed new and perfect 

Carriage and Insurance: Speakers 55p each, 
12" and up 85p each, Kits £1 each 

(£2 per pair), Tweeters & crossovers 33p each. 
(11.60 per pair), Tweeters & crossovers 

WILMSLOW 
AUDIO 

DEPT REC 
LOUDSPEAKERS, MAIL ORDER AND EXPORT: 
SWAN WORKS, BANK SQUARE, WILMSLOW 
HIFI, RADIO & TV: SWIFT OF WILMSLOW, 5 

SWAN STREET, WILMSLOW CHESHIRE 
PA, HIFI & ACCESSORIES: WILMSLOW 

AUDIO, 10 SWAN STREET, WILMSLOW 
CHESHIRE 

TELEPHONE: LODSPEAKERS, MAIL ORDER 
AND EXPORT WILMSLOW 29599 

HIFI, RADIO ETC., WILMSLOW 28213 

Access & Barclaycard Orders 
accepted by phone 
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"I MADE IT MYSELF" 
Imagine the thrill you'll feel ! Imagine how impressed 
people will be when they're hearing a programme on a 

modern radio you made yourself. 

Now! Learn the secrets of radio 

and electronics by building your 

own modern transistor radio! 
Practical lessons teach you sooner 

than you would dream possible. 
What a wonderful way to learn - and pave the way to a 

new, better -paid career! No dreary ploughing through page 

after page of dull facts and figures. With this fascinating 

Technatron Course, you learn by building! 

You build a modern Transistor 
Radio . a Burglar Alarm. You 
learn Radio and Electronics by doing 
actual projects you enjoy - making 
things with your own hands that 
you'll be proud to own! No wonder 
it's so fast and easy to learn this 
way. Because learning becomes a 

hobby! And what a profitable hobby. 
Because opportunities in the field 
of Radio and Electronics are growidg 
faster than they can find people to 
fill the jobs! 

No soldering - yet you 
learn faster than you 
ever dreamed possible. 
Yes! Faster than you can imagine, 
you pick up the technical know 
how you need. Specialty prepared 
step-by-step lessons show you how 
to read circuits - assemble compon- 
ents - build things - experiment. 
You, enjoy every minute of it! 

You get everything you need. 

Tools. Components. Even a versatile 
Multimeter that we teach 'you how 
to use, All included in the course. 
AT NO EXTRA CHARGE! And 
this is a course anyone can afford. 
(You can even pay for it by easy 

instalments). 

So fast, so easy, 
this personalised course 
will teach you even if 
you don't know a thing 
today! 
No matter how little you know now, 
no matter what your background 
or education, we'll teach you. Step 
by step, in simple easy -to -understand 
tnguage, you. pick up the secrets 

of radio and electronics. 
You become somebody who makes 

things, not just another of the 
millions, who don't understand. 
And you could pave the way to a 

great new career, to add to the 
thrill and pride you receive when 
you look at what you have achieved. 
Within weeks you could hold in 
your hand your own transistor 
radio. And after the course you 
can go on to acquire highpowered 
technical qualifications, because out 
famous courses go right up to Cit> 
& Guilds levels. 

Send now for FREE 
44 -page book - see how 
easy it is - read what 
others say! 
Find out more now! This is the 
gateway to a thrilling new career, 
or a wonderful hobby you'll enjoy 
for years. Send the coupon now. 
There's no oh!igation. 

POST 

TODAY FOR 

FREE BOOK 

To: ALDERMASTON COLLEGE I CRE 21 
DEPT. CRE 21, READING RG7 4PF 

Also at our London Advisory Office, 4 Fore Street 

Avenue, Moorgate, London, EC2Y 5EJ Tel: 01-628 2721 

Yes, I'd like to know more about your course. Please send 

me free details - plus your big, 44 -page book that tells 

about all your courses. 

NAME 

ADDRESS 

POSTCODE 
BIET 

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 

LATEST 
BOUND VOLUME 

No. 28 
of 

"Radio & Electronics 
Constructor" 

AUGUST 1974 to JULY 1975 

Comprising 
768 pages PRICE £2.75 P&P 75p 
inc. index 

BOUND VOLUME No. 25 
(August 1971 to July 1972) 

BOUND VOLUME No. 27 
(August 1973 to July 1974) 

PRICES 
VOL. 25 

£2.00 per volume P&P 75p 

VOL. 27 
£2.40 per volume P&P 75p 

Limited number of these 
volumes still available. 

We regret all earlier volumes are now 
completely sold out. 

Available only from 

DATA PUBLICATIONS LTD., 
57 MAIDA VALE, LONDON, W9 1SN 
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RETURN OF POST MAIL ORDER SERVICE 
NEW 
STEREO 
Plays 
Auto 
quality 
reliability 
guarantee 
Sze 
Above 
Below 
With 

BSR HI-FI AUTOCHANGER 
AND MONO .' 

12", 10" or 7" records , , 
or Manual. A high j e, 

unit backed by BSR 
with 12 months'- 

AC 200/250v 
13'x1141n. 

motor board 34in 
motor board 2}in. 

STEREO/MONO CARTRIDGE £10.95 Post 75p 

PORTABLE PLAYER CABINET £4.50 
Modern design. Size 16"'x 15" 7" approx, Post 50p ' 

Large front grille, Hinged Lid. Chrome fittings. 
Motor board cut for Garrard or BSR deck. 
Rexine covered, in red or black or blue. 

HEAVY METAL PLINTHS 
With P.V.C. Cover. Cut out tor most £5.95 B.S.R. or Garrard decks. Silver grey 
finish. Size 12} x 141 x 74 -in. 
Size 16 x 131 x 7in. £6.95 Post 75p 

TINTED PLASTIC COVERS 
Sizes: 'A' - - 144in. x 124in. x 4}in., £2.50. 'B' - 20 m. 
x 12;ín. x 41ín., £3. 'C' - 174in. x 134in. z 35in., £3.25. 
Ideal for record decks, tape decks, etc. Post 

DISCO \ \`\ 
, DECK 

SINGLE 
RECORD 

'''sUleUtat.e. PLAYER 
Fitted with auto stop, stereo/compat, cartridge. Base - 
plate. Size 11 in. x 81ín. Turntable. Size 7in. diameter. A/C 
mains. 220/250V motor has a separate winding 14 volt 
t3 power a smalla amplifier. / 5 

o 
3 speeds plays all size records. Post LYY i/ Two for £12. p 

COMPLETE STEREO SYSTEM 
Two full size loudspeakers x 3 -tin. Player 
unit clips to loudspeakers making it extremely compact. 
Overall size only 131 x 10 x 8}in. 3 watts per channel,. 

plays all records 
'.. 33 rpm 45 rpm 

Separate vol- 
ume & tone 
controls 240v 

Attractive Bargain Price 
Teak finish 
.Weight 131bs. £22.50 85p carriage 

SMITH'S CLOCKWORK 
15 AMP TIME SWITCH 

0-6 HOURS 
Single pole two-way Surface mounting with fixing screws. 
Will replace existing wall switch to give light for return 
home, garage, automatic anti -burglar lights etc. Variable 
knob. Turn on or off at full or intermediate settings. 
Fully insulated, Makers last list price £4.50. Brand new and 
fully guaranteed. 

OUR PRICE £2.95 Post 35p. 

CASSETTE RECORDER MOTOR ONLY. 6 Volt. 
Will replace many types. Ideal for models. £1.26 

BLANK ALUMINIUM CHASSIS, 18 s.w.g. 24ín. sides 
6 x 4in. 70p; 8 x bin. 909; 10 x 7in. £1.16; 
14 x 9in. £1.50; 18 x Bin. £1.45; 12 x 3in. 57p; 
16 x 10in. £1.70. 

ALUMINIUM PANELS t8s.w.g. 6 x 4in. 15p; 8 x bin. 25p; 
10 x 7in. 30p: 12 x 51n. 30p; 12 x 8in. 40p; 18 x 6m, 
45p; 14 x 9 in. 50p; 12 x 12in. 55p; 16 x t Der, 75p. 
ALUMINIUM ANGLE BRACKET Bin. long x i x 1 20p. 

14incn DIAMETER WAVECHANGE SWITCHES 46p. EA 
2 p. 2 -way, or 2 p. 6 -way, or 3. 4 -way. 
1 p.1 2 -way, or 4 p. 2 -way, or 4 p. 3 -way. 
TOGGLE SWITCHES, sp. 20p; dp. 25p,dp. dt. 30p. 
D.P.D.T. CENTRE OFF 65p; D.P.D.T. S.P.S.T. 45p. 

R.C.S. GENERAL PURPOSE TRANSISTOR 
PRE -AMPLIFIER BRITISH MADE 

Ideal for Mike, Tape P.U., Guitar, etc. Can be used, with Battery 
9-12v. or H.T. line 200-300V. D.C.operation. Size 1 x 14, x 

Response 25 c.p.s. to 25 Kc/s, 26 db gain. 
For use with valve or transistor equipment. Post 
Full instructions supplied, Details S.A.E. £1.45 30p 

NEW ELECTROLYTICS CONDENSERS 

2/350V 20p 
4/350V 20p 
8/350V 22p 

250/25V 18P 
500/25V 20p 
100+100/275v 65p 

16+16+16/275v 45p 
50+50/300V 50p 
32+32/450V 75p 

16/350V 30p 150+200/275v 70p 100+50+ 50/350V 85p 
32/500V 50p 8+8/450V 50p 32.+32+32/350 750 
25/25V 10p 8+16/450V 50P 30,000/25V 95p 
50/50V 10p. 16+16/450V 50p 4700/63V 95p 
100/25V 10p. 32+32/350V 50p 

LOW VOLTAGE ELECTROLYTICS CONDENSERS 
22, 25, 50, 68, 150, 470, 500, 680, 1500, 2200, 3300 
mfd all 6 volt 10p ea. 
22, 25, 68, 100, 150, 200, 220, 330, 470, 680, 1000 
1500, 2200, mfd all 10 volt 10p ea. 
220, 330, 1000, 4700, mfd all 4v. 10o ea. 
1 2, 4, 5, 8, 16, 25, 30, 50, 100, 200mF 15V 10p. 

50DmF 12V 15p ; 25V 20p ; 50V 30p. 
1000mF 12V 20p ; 25V 35p ; 50V 47p ; 100V 70p. 
2000mF 6V 25p ; 25V 42p , 50V 57p ; 4700/63V 95p. 
250omF 50V 62p ; 3000mF 25V 47p ; 50V 65p. 
5000mF 6V 25p; 12V 42p; 35V 85p; 50V 95p. 
500V-0.001 to 0.1 10p; 0.25 12p; 0.47 25p 
CERAMIC 1 pF to 0.01 mF, 5p. Silver Mica 2 to 5000pF, 5p. 
PAPER 350V-0.1 7p; 0.5 18p; 1mF or 2mF 150V 15p, 
MICRO SWITCH single pole changeover 20p. 
MICRO SWITCH sub min 25p. 
TWIN GANG. "0-0" 208pF + 176pF £2. TWIN 365pF 50p. 
Sow motion drive 365pF + 365pF with 25pF + 250F 65p. 
500oF standard tain gang /bp. 12U PF twin gang 50p. 

ELAC 9 x 5in. HI-FI SPEAKER, TYPE 59RM. 
THIS FAMOUS AND WIDELY USED UNIT 
NOW AVAILABLE AT BARGAIN PRICE q 
10 WATT, 8 OHM. CERAMIC MAGNET. £3.45 

NEON PANEL INDICATORS, 250V Red or Amber, 30p 
RESISTORS, -}w., 1w., 1w 20%, 2p; 2w. Bp. 10 to 10M. 
HIGH STABILITY, 3 w. 2% 10 ohms to 10 meg., 12p. 
Ditto 5%, Preferred -values, 10 ohms to 10 meg., 5p. 
WIRE -WOUND RESISTORS, 5 watt, 10 watt, 1b watt, 
10 ohms to 100K, 12p each; 2w 0.5 ohm to 8.2 ohms 15p. 
TAPE OSCILLATOR COIL. Valve type 35p. 
FERRITE ROD 6" x }" 30p; 6" x j" 20p; 3" x q" 10p. 

MAINS TRANSFORMERS 50pe°ch. 
250-0-250V 80mA. 6.3, 2A £2.95. 
250-0-250 80mA. 6.3v 3.5a, 6.3v ta or 5v 2a £4.60 
350-0-350 80mA. 6.3v 3.5a, 6.3v is or 5v 2a. £5.80 
300-0-300 120mA. 6.3v 4a C.T.; 6-3v 2a £7.00 
220v 45mA. 63v 2a. £1.75 
HEATER TRANS. 6-3v 3 amps. £1.45 }amp. 95p 
GENERAL PURPOSE LOW VOLTAGE. Tapped outputs 
2 amp 3, 4, 5, 6, 6, 9, 10, 12, 15, 18, 24, 30v £4.60 

1 amp 6, 8. 10, 15.16. 18, 20, 24, 30, 36, 40, 48. 60, £4.60 
2a, 6, 8. 12, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £7.00 
3a, 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £8.70 
5a, 6 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £11.25 

'5, 8, 10. 16v }a £2. 6-0-6v 500mA £1. 9v 1a £1 
12e 300mA £T 12v 500mA £1. 12v 750mA £1 
40v 2a tamed 10v or 30v £2.95. 20v 3a £2 
40v 2a £2.75 30v 5A and 34v 2A ct. £3.50 
20-0-20v la £1.95. 30v 11.a £1.75; 20v 1a £1.75, la £2 
AUTO TRANSFORMERS. 115v to 230v or 230v to 115v 
150w £5; 250w £6; 400w £7; 500w £8. 
CHARGER TRANSFORMERS. Input 200/250v 
for 6 or 12v 11a £2.75 4a £4.60. 
FULL WAVE BRIDGE CHARGER RECTIFIERS: 
6 or 12v outputs 14a 40p; 2a 55p; 4a 85p. 
1 amp Transformer, mounted on panel with input and 
output fuses supplies 0,20v,40v,60v or 20-0-20v £3.50 

R.C.S. STABILISED POWER PACK KIT 
All parts including printed circuit and instruction$ to 
build this unit. Voltages available: 6v, 7.5v, 9v, 12v. 
Up to 100mA output. Post 

`Please state voltage required. f 2.95 49g 

STEREO FM/AM TUNER AMPLIFIER 
CHASSIS BY KUBA 

This au transistor chassis has push button selection for long, 
medium, short and V.H.F. wave bands. Features A.F.C. on 
V.H.F. band with automatic stereo beacon light. Volume tone 
and Balance controls with push button mains on/off switch. 
Amplifier accepts ceramic cartridge and has record/playback 
socket fitted. Four watts per channel output. Chassis size = 
17 x 4 x 5in. £38.50 POST £1.50 

E.M.I. 13f x 8in. 
SPEAKER SALE! 
With tweeter 
And crossover, 10 watt £525 Grr 
State 3 or 8 ohm Post'45p 
15 watt version £ 17.95 9 or 1 5 ohm .7 
20 watt version 
8 or 15 ohm £8.95 
as illustrated 
Bass units only 20W £6.95 
Bass units only 15W £5.95 
Bass units only 10W £4.25 

Post 65p 

Bookshelf Cabinet £6.95 
Teak Veneer. For above units Post 75p 

R.C.S. 10 WATT 
AMPLIFIER KIT 

This kit is suitable for record players, tape play back, 
guitars, electronic instruments or small PA. systems. 
Two versions are available. A mono kit or a stereo kit. The 
.mono kit uses 13 semiconductors. The stereo kit uses 22 
.semiconductors with printed front panel and volume, 
bass and treble controls. Spec. 10 watts output .into 8 
ohm, 7 watts into 15 ohms. Response 20 cps to 30K/cs. 
Input from 20mV high imp. Size 91in x 3in x 2in. 

£11.25. £17.50 TinMono kit Stereo kit 

OUDSPEAKERS P.M. 3 ohms, 7 x 4in. £1.25; 6 n. £1.5Q; 
8 x 5in. £1.60; 8in. £1.75; 10 x bin. £1.90; 1 in. £2.5 
SPECIAL OFFER LOUDSPEAKERS! All Brand New. 
3 ohm. 2 -kin; 2¢im 3 -3 -In; 5in. 8 ohm, 2}in; 24ín; 5 x 3in; 
5in. 15 ohm, 3}in; 5in; 6 x 4in; 5 x 3in; 7 x 4in; 
25 ohm, 2#in; 3in; 5 x 3in; 7 x 4 in; 35 ohm, 3in; 5in. 
80 ohm, 2}m; 21in. 120 ohm, 3in. 

£1.25 EACH 

TWEETER VOLUME CONTROL 15 ohm 10 watt 
with lin. long threaded bush for wood panel 
mounting. Will suit all tweeters 75p 

RICHARD ALLAN TWIN CONE LOUDSPEAKERS, 8in, 
diameter 4W £2.50; 10in. diameter 5W £2.95; Post 25p. 
12in. diameter, 6W £3.50; 3 or 8 or 15 ohm models. 
SPEAKER COVERING MATERIALS. Samples Large S.A.E. 
Horn Tweeters 2-16Kc/s. 10W 
De Luxe Horn Tweeters 2-18 Kc/s, 15W, 8 ohm £6.80 
TWO-WAY 3,000 cps CROSS OVERS 3, 8 or 15 ohm £1.90 
3 -WAY CROSSOVER 850 cps and 3000 cps (25 watt) £2.20 

GOODMANS CONE TWEETER 
18.000 cps. 25 watts. 8 ohm. Price £3.25 

ELECTRO MAGNETIC 
PENDULUM MECHANISM 

1-5v d.c. operation over 250 hrs continuous on SP2 battery, 
fully adjustable swing and speed. Ideal displays teaching 
electro magnetism or for metronome; strobe etc. 95p. Post 200 

WEYRAD TYPE COILS 
P50/1AC 60p RA2W 85p Twin bang £2 
P50/2CC 40p OPT1 65p Printed 
P50/3CC 40p LFDT4 65p Circuit 85o. 

COAXIAL PLUG 10p. PANEL SOCKETS too. LINE 180. 
OUTLET BOXES, SURFACE MOUNTING 40p. 
BALANCED TWIN RIBBON FEEDER 300 ohms, 5p yd. 
JACK SOCKET Std. open -circuit 20p. closed circuit 25p; 
Chrome Lead Socket 45p. Phono Plugs 10p. Phono Sockkpet Bp. 
JACK PLUGS Std. Chrome 30p; 3.5mm CSOCKETS 

Chassis 3 -pin 10p; 5 -pin 10p;hDINeSOCKETS, 
Lead 3 -pin 1Sp; 5 -pin 25p; DIN PLUGS_3-pin 18p; 5 -pin 
25p. VALVE HOLDERS 5p; CERAMIC 10p; CANS 5p. 

R.C.S. 100 WATT VALVE 
AMPLIFIER CHASSIS 

Professional model. Four inputs, Treble, Bass, Master 
Volume Controls. Ideal disco, P.A. or groups. 5 speaker 
outputs, very robust job f 85 plus for details p s £1.50 carr.. 

NEW MIXER/AMP 150 WATT 
PROFESSIONAL TRANSISTOR AMPLIFIER £68 
4 inputs, 3 outputs, separate volume treble Carr. £1 
and bass controls. Ideal disco or group, P.A. amplifier 

RADIO COMPONENT SPECIALISTS 
Minimum post 30p. Access and Barclaycard welcome 

Components Lists lop. Cash price includes VAT 

337 WHITEHORSE ROAD, 
CROYDON, SURREY. 

Open 9-6 Wed. 9-1 Sat. 9-5 (Closed for lunch 1.15-2.30) 

Rail Selhurst. Tel. 01-684 1665 
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THE MODERN BOOK CO 
AUDIO AMPLIFIERS FOR THE HOME CONSTRUCTOR 

By I. R. Sinclair Price: £2.50 
ELECTRONICS: AN ELEMENTARY INTRO. 
FOR BEGINNERS by L. W. Owers PRICE: £1.65 
MAKING YOUR OWN ELECTRONIC GADGETS: A 
BEGINNERS' GUIDE by R. H. Warring PRICE: £2.55 
INTRODUCING AMATEUR ELECTRONICS 
by I. R. Sinclair PRICE: £1.45 
20 SOLID STATE PROJECTS FOR THE CAR 
& GARAGE by R. M. Marston PRICE: £2.15 
EtECTRONICS SELF-TAUGHT WITH EXPERIMENTS 
& PROJECTS by J. Ashe PRICE: £2.20 
SOLID STATE HOBBY CIRCUITS 
by RCA PRICE: £1.95 
20 SOLID STATE PROJECTS FOR THE HOME 
by R. M. Marston PRICE: £2.15 
TRANSISTOR AUDIO & RADIO CIRCUITS 
by Mullard PRICE: £3.00 
MAKING & REPAIRING TRANSISTOR RADIOS 
by W. Oliver PRICE: £2.15 
BASIC THEORY & APPLICATION OF TRANSISTORS 
by Dover PRICE: £2.25 
AMATEUR RADIO TECHNIQUES 
by P. Hawker 

THE OSCILLOSCOPE IN USE 
by I. R. Sinclair 
HI-FI CHOICE CASSETTE DECKS 
by A. McKenzie 
HI-FI CHOICE RECEIVERS 
by A. McKenzie PRICE: £1.25 
FOUNDATIONS OF WIRELESS & ELECTRONICS 
by M. G. Scroggie PRICE: £4.25 
COLOUR TV WITH PART, REF. TO THE PAL SYSTEM 
by G. N. Patchett PRICE: £5.50 
SERVICING WITH THE OSCILLOSCOPE 
by G. J. King PRICE: £4.90 
TRANSISTOR ELECTRONIC ORGANS FOR THE 
AMATEUR by A. Douglas PRICE: £4.90 
THE ELECTRONIC MUSICAL INSTRUMENT MANUAL 
by A. Douglas PRICE: £8.00 
VHF -UHF MANUAL 
by D. S. Evans PRICE: £6.66 
RADIO VALVE & SEMI -CONDUCTOR DATA 
by A. M. Ball PRICE: £2.50 
ARRL ELECTRONICS DATA BOOK 

PRICE: £2.50 by ARRL 

PRICE: £2.75 

PRICE: £1.25 

PRICE: £3.05 
PRICES INCLUDE POSTAGE 

We have the Finest Selection of English and American Radio Books in the Country 
19-21 PRAED STREET (Dept RC) LONDON W2 1NP 

Telephone 01-723 4185 

1. Understand 
electronics. 
Step by step, we take you through 
all the fundamentals of electronics 
and show you how easily the sub- 

ject can be mastered using our 
unique Lerna-Kit course. 

U1) 

(2) 

2. Become a 
radio amateur. 
Learn how to become a radio- 
amateur in contact with the whole 
world. We give skilled preparation 
for.the G.P.O. licence. 

Build an oscilloscope. 

Read, draw and understand 
circuit diagrams. 

(3) Carry out over 40 experi- 
ments on basic electronic 
circuits and see how' 
they work. 

WAA 
am ma earMO Malin rNIMINI. ON MI 1118 918 --- BR Ill NI8 III =lii 

Brochure, without obligation to: 
BRITISH NATIONAL RADIO & ELE'CTRONICS SCHOOL, 
P.O. Box 156, Jersey, Channel Islands. 

NAME 
REC 96 ADDRESS Block caps please , 311IMMI-li'------------------r--MIM®M WIN ---s'es 
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0-30V 
and 0 -IA 

pp 
w;tf,a variable 
urrent limit 

/- 

DORAM 
KITS 

CONTAI N 

EVERYTHING 
DOWN TO 

THE LAST 
NUT! 

_=--_- 
OUTPÚT4W 

S°uCircuit 

al 

rity 

WITH 
FITTj 

of 
NG KIT& SPEAKER 

-:l 
Mel REMETER 

Indicates whether water 
is needed for plants and 

lawns 

* New 16 -page brochure contains complete details of 
kit range. 

* Big range of kits to interest Radio, Electronic and 

Hi-Fi enthusiasts. 

* Kits sent by return -of -pmt. 

* Each kit designed by specialists - only highest quality 
and reliable components included. 

SEND FOR YOUR NEW 

KIT BROCHURE TODAY 

only 25p inc. post and packing. 

£2.00 
+s 

I I 

S - 8% V.A.T. 
H - I21,4% V.A.T.I 

a 

DORAM ELECTRONICS LTD 

P.O. Box TR8, 
Leeds LSI2 2UF. 

enclose 25p please send me by return my n e, Doren k,T 

ochure. Overseas orders except for N.Ireland please add 

Op for post and packing surface only. 

USTOMERS WHO ORDER THIS KIT BROCHURE TOGETHER 'HS NEW EDITION COMPONENT CATALOGUE 
AN SAVEAVE Sr,1r, ONTHE INDIVIDUAL UAL PURCHASE PRICE FOR 

OTH ANO 081 AIN TWO 25p VOUCHERS. 

COMBINED PRICE 7Op. 

TRANSISTOR 
TESTER Measures hFE leakage for PNP, N,silicon or 

germanium transistors -includes battery check 
facility 

REegs ® 
PLEASE PRINT BLOCK CAPITALS 

NAME 

ADDRESS 

POST CODE 

An Electrocomponents Group Company 
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COMPONENTS 
HOBBYIST - PROFESSIONAL - DOMESTIC - SURPLUS - INDUSTRIAL 
JUST A FEW BARGAINS ARE LISTED - SEND STAMPED ADDRESSED 
ENVELOPE FOR A QUOTE ON OTHER REQUIREMENTS. PAY A VISIT. 
OVER 90% OF STOCK BELOW QUANTITY WHOLESALE PRICE. 

RETURN POSTAL SERVICE UNLESS CHEQUE. 

Goods sent at customer's risk, unless suficient payment for registration (1st class letter 
post) or compensation fee (parcel post) included. 

VALVE BASES 
Printed circuit B9A-B7G 7p 
Chassis B7-B7G ... ... ... ... 9p 
Shrouded chassis B7G-B9A-B8A ... 10p 

B9A chassis-B12A tube ... 9p 

Speaker 6" x 4" 5 ohm ideal for car radio£1.25 

TAG STRIP -6 way 3p 15 x 50pF or 2 x 200pF 
9 way 5p Single 1p i trimmers 20p 

T03 or T066 
Mica Washer 2p 
18 volt 4 amp charger, 

bridge rectifier 79p 
GC10/4B £3.00 

Telescopic aerial 
Closed 92", open 382" 
Fitted right angle TV 

plug, 50p 

BOXES - Grey polystyrene 61 x 112 x 31 mm, top secured by 4 
self tapping screws 32 -p 

Clear perspex sliding lid, 46 x 39 x 24mm 10p 
ABS, ribbed inside 5mm centres for P.C.B., brass corner inserts, 
screw down lid, 50 x 100 x 25mm orange 48p; 80 x 150 x 50mm 
black 70p; 109 x 185 x 60mm black £1.04 
ALUMINIUM 8" x 6" x 3" £1.02 
3" x 2"x1" 39p 4" x 21 " x 2" 44p 10" x 4-23-"x 3" £1.02 
21-" x 51-1"x 13" 45p 4" x 5." x 13"45p 12" x 5" x 3" £1.20 
4" x 4" x 11" 45p 6"x 4"x2" 65p 10"x 7"x 3" £1.22 
4" x2;"x1+" 45p 7"x5"x23" 79p 12"x8"x3" £1.50 

Polo Way 
4 2 
6 2 
4 2 
2 2 

1 3 
2 2 

2 1 

SWITCHES 
Type 

Sub. Min. Slide 
Slide 
Lever Slide 
Slide 
13 amp small rotary 
Locking with 2 to 3 

18p 
20p 
15p 
10p 
12p 

keys 
£2.00 

2 Amp 250V A.C. rotary 28p 
Wafer Notary, all types 30p 
S.P.S.T. 10 amp 240v. white rocker switch 
with neon. 1" square flush panel fitting 65p 
S.P.S.T. dot 13 amp, oblong, push -fit, rockerl8p 

AUDIO I.FAOR 
5 pin din plug 180° both ends 1+ Mtr., £1.20 
3 pin din to open end, 1+ yd twin screened 35p 
Phono to Phono plug, 6ft. 35p 

COMPUTER AND AUDIO BOARDS 
VARYING PANELS WITH ZENER, GOLD BOND, 
SILICON, GERMANIUM, LOW AND HIGH POWER 
TRANSISTORS AND DIODES, HI STAB RESISTORS, 
CAPACITORS, ELECTROLYTICS, TRIMPOTS, POT 
CORES, CHOKES ETC. 

31b for 85p + 85p post and packing 
71b for £1.95 + £1.20 post and packing 

Skeleton Presets 
Slider, horizontal or verti- 
cal standard or submin. 5p 

3" Tape Spools 8p 
1" Terry Clips 4p 

12 Volt Solenoid 30p 

KNOBS 
SILVER METAL PUSH ON WITH POINTER, OR 
WHITE PLASTIC, GRUB SCREW WITH GOLD 
CENTRE 8p EACH 

ENM Ltd. cased 7 -digit counter 2+ x l â x 11" 
approx. 12V d.c. (48 a.c.) or mains £1.00 

ZM1182A INDICATOR TUBE 
0-9 Inline End View. Rectangular Envelope 170V 
2.5M/A 2.67 

REGULATED TAPE MOTOR 
9v d.c. nominal approx diameter 80p 

12v 8 amp i ransformer £4.00 (p&p 85p) 

RESISTORS 
4-4--+ watt 1 p 
1 watt ... . 3p 
Up to5 watt wire lip 
10 watt wire 
wound ...... 12p 
15 watt ...... 12p 
1 or 2% five times 
price. 
(Semiconductor Data' 
Book 263 pages. Covers 
,2N21 through to 
'2N5558 plus some 
3N's. Type/connection/ 
parameter details £1.95' 
No VAT 

POTE 
Log or Lin carbon 16o 
Switched ..31p, 
Dual Pots ... 50p 
Dual & switch ..69p. 
Lin wirewound 25p 
Slider Pot 43p 
Dual Slider 55p 
1.5m Edgetype 8p 

THERMISTORS 
VA1008, VA1034, 
VA1039, VA1040, 
VA1055, VA1066, 
VA1082, VA1100 
V,A1077, 
VA1005, VA1026 15p 

top 

RELAYS 
12 volt S.P.C.0 octal 
mercury wetted high 
speed 75p 
P.O. 3000 type, 1,000 
OHM coil, 4 pole c/o 

60p 
Mains or 12v-d.p.c.o 
heavy duty octal £1 

Boxed GEC KT88 
Ferric Chloride, Anhydrous mil. spec. 1 lb. bag 65p I valve .. 

THE RADIO SHACK 
161 ST. JOHNS HILL, BATTERSEA, LONDON S.W.11 
Open 10 a rr till 7 p.m. Monday to Saturday 

Terms: Payment with order Telephone: 01-223 5016 

£2 

JAP 4 gang min. sealed.tuning condensers New 35p 
Ex -eggt. 2 or 4 gang 2Op 

ELECTROLYTICS MFD/VOLT. Many others 
in stock 70- 200- 300- 450 - 
Up to 10V 25V 50V 75V 100V 250V 350V 500V 
MFD 

10 4p 5p 6p 8p lOp 12p 16p 20p 
25 4p 5p 6p 8p 10p 15p 18p 20p 
50 4p 5p 6p 9p 13p 18p 25p - 

100 5p 6p 10p 12p 19p 20p - - 
250 9p 10p 11p 17p 28p - 85p £1 
500 10p 11p 17p 24p 45p - - - 

1000 13p 22p 40p 75p - £1.50 - - 
2000 23p 37p 45p 
4s total values are too numerous to list, use tnis 
price guide to work out your actual requirements 
8/20, 10/20, 12/20 Tubular tantalum 15p each 
16-32/275, 32-32/275, 100-100/150, 100- 
100/275 50-50/300 .. .. 20p each 
50/50-385 30p 
12,000/12, 32-32-50/300, 700/200 100-100- 
100-150-150/320 . . . . 50p each 
20-20-20/350 .. 40p each 
RS 100 0 100 micro amp null indicator 
Approx. 2" x x 

INDICATORS 
Bulgin D676 red, takes M.E.S. bulb 30p 
12 volt or Mains neon, red pushfit .... 18p 
R.S. Scale Print, pressure transfer sheet .10p 

CAPACITOR GUIDE - maximum 500V 
Up to .01 ceramic 3p. Up to .01 poly 4p. 
.013 up to .1 poly etc. 5p..12 up to .68 poly 
etc. 6p. Silver mica up to 360pF 8p, then to 
2,200pF 11p, then to .01 mfd 18p. 
Many others and high voltage in stock. 

8p..1/600: 12p..01/1000, 1/350, 8/20, .1/900, 
.22/900, 4/16..25/250 AC (600vDC) .1/1500 
40p. 5/150, 9/275AC, 10/150, 15/150, 40/150. 

FORDYCE DELAY UNIT 
240 volt A.C./D.C. Will hold relay, etc., for approx. 
15 secs after power off. Ideal for alarm circuits, 
etc. £1.50 

CONNECTOR STRIP 
Belling Lee L1469, 4 way polythene. 8p each 
1 i glass fuses 250 m/a or 3 amp (box of 12) 24p 
Bulgin, 5mm Jack plug and switched socket (pair) 30p 

1" or 1}" or 2" or 4" CAN CLIPS ep 

25p 

30p 

40p 

MAINS DROPPERS 
36+79 ohm 
66+66+158 ohm, 66+66+137 ohm 
17+14+6 ohm, 266+14+193 ohm 
50+40+1k5 ohm 
285+575+148+35 ohm 
25+35+97+59+30 ohm 

5â" x 24" Speaker, ex -equipment 3 ohm 
2 Amp Suppression Choke ..... . 

3x2+x " PAXOLINE . 

4 x . x ó", . . 

PCV or metal clip on MES bulb Holder 
VALVE RETAINER CLIP, adjustable 

30p 
8p 
4p 
1p 
4p 
2p 

OUTPUT TRANSFORMERS 
Sub -miniature Transistor Type 
Valve type, centre tapped or straight 

25p 
40p 

12 volt 250M/A or 6 volt 4-A 
Transformers ... . ... ... .. £1.00 
Whiteley Stentorian 3 ohm constant impe- 
dance volume control way below trade at 80p 
Drive Cord ... ... ... 2p per yd. 
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SEMICONDUCTORS 
Full sdec marked by Mullard. etc. Many other types in stock 

AC10 
AC128 
AC176 
ACY28 
AD149 
AD 161 /2 
AF116 
AF124 
AF126 
AF127 2 
AF139 2 
AF178/80/81 40 

ASY27/73 3 
BC107A or B .. 1 

BC 107/8/9 
BC108WB/C/109BIC 1 

5C147/8/9 . . . . 6 

BC157/8/98aC, 
9B/C/S.8 

BC158A/B . 1 

BC178A/B. 
157A 1 

QC17813 19 

Amp Volt 
1,600 

T 140 
1.4 42 
0.6 110 
5 400 

lopp 
11 
19p 
40p 

1632 p 

2 p 
19pß 
6p 
Op. 

4p P 

Bp 

}}Op 

9p 
9p 

Z*9 

2p P 
p 

BRIDGE RECTIFIERS 

BYX10 
OSH01-200 
BY164 
EC433 
Texas 

BC 184C/LC 
BC186 
BC187 
B C213 L/2148 . . . 

BC216B 
8C327/8 
BC337 
BC338 . 

BC547/8/8A 
BC557/8/9 
BCX32/36 
BCY40 
B CY70L 1 /2 
BD112/3 
I3D115/6 .. 
BD131/2 
BD133 
BD135 
BD137 
BD139 
BD142 
BD201/3 ... 
BD202 

10p 
22 
24p 
10p 

12p 
11p 
11p 
10p 
9p 

9Óp 
12p 
50p 
31p 

335p 
Zlp 
24p 
3753p 

£1.30 
79p 

RECTIFIERS 

Amp Volt 

IN4004 1 400 4p 
IN4005/6 1 6/80r` 5p 
BY103 1 1,500 18-1.p 

SR100 1.5 100 7p 
SR400 1.5 400 8p 
REC53A 1.5 1,250 14p 
LT102 2 30 10p 
BYX38-600 2.5 600 55p 
BYX38-GOOR 2.5 300 50p 
BYX38-900 2.5 900 80p 
BYX38-1200 2.5 1,200 85p 
BYX49-600 2.5 600 55p 
BYX49-300R 2.5 300 26p 
BYX49-900 2.b 900 40p 
RYX49-1200 
BYX48-3001i 6 300 40p 
BYX48-600 6 600 50p 
BYX48-900 6 900 60p 
BYX48-1200R 6 1,200 80p 
BYX72-150R 10 150 35p 
BYX72-30oR 10 300 45p 
BYX72-500R 10 500 55p 
BYX42-300 10 300 30p 
BYX42-600 10 600 65p 
BYX42-900 10 900 80p 
BYX42-1200 10 1,200 95p 
BYX46-300 15 300 £1.00 
BYX46-400 15 400 £1.50 
BYX46-500 15 500 £1.75 
BYX46-600 15 600 £2.00 
BYX20-200 25 200 60p 
BYX52-300 40 300 £1.75 
BYX52-1200 40 1,200 £2.50 

Avalanche type 

Amp Volt TRIACS 
6 800 Plastic RCA £1:20 
25 900 BTX94-900 £4.00 
25 1200 BTX94-1200 £6.00 
12-0-12 50M/A Min. Txfmr. 90p 
RS 2mm Terminals 
Blue & Black 5 for 40p 
Chrome Car Radio facia .. 1 5p 
Rubber Car Radio gasket . _ 5p 

DLI Pal Delayline . . .. 50p 
Relay socket .. 40p 

Take miniature 2PC.0 relay 
B7G or B9A vâTve can ... 9p 
0-30, or 0-15, black pvc, 360° 
dial, silver digits, self adhesive, 
41" dia. .. .. 10p 

26p p 
40p 
15p 
y0p 

BPX40 65p 
BPX42 £1.00 
BPY10 £1.00 

(VOLTIAC) 

B PY681 
BPY69 f} £1.00 
.BPY77 

Diodes 

B0204 ... ... f1.00 
BD232 . . ... 80p 
BD234 ... ... 49p 
BD235 

177 1BOp p 
BF178 . 24ppp 

BF179BF180/1/2 
15p 

B F 184/5 
.... 28p 

BF194/5/6/7 
BF194A/195C 
B F200 
8E258 19p 
8F262/3 30p 
BF336 27pp 
BFS28 Dual Mosfet £1.3¢ 
BW10 F.E.T. . 81p 
BW11 F.E.T. 52p 
BFW307/58 

... £1133 B W5 7p 
BFX12 23p 
13FX29. 18p 
BFX30 25p 
BFX84/88 17p 

BF591/2 - ... 14p 
B FY90 . . . 86p 
BR101 41p 
BRY39 26p 

OPTO ELECTRONICS 
Photo transistor 

BPX29 £1.00 
OCP71 65p 

OOppp 1 

BIG L.E.D. 
2v 50m/A 
RED 
ORANGE 
GREEN 
YEU 1"M 
CLIP 

0.2" 
max. 
11p 
19p 
14p 
14p 
2p' 

PHOTO 
SWITCH 

SILICON CONTROLLED 
BPX66 PNPN 10 amp £1.00 

BRY56 32}p 
BSV64 4Óp 
BSV79/80 F.E.T.'s £1.00 
BSV81 Mosfet 90p 
BSX20/21 ... 15p 
BSY40 Opp 
BSY95A . . . 12p 
BU 105-01 £1.60 
CV7042 (0C41, OC44 

ASY63) 
GET111 .., ... 
OC45 
ON222 ... ... 
TI P30 
TIP3055 
TIS88A F.E.T. 
ZTX300 ... ... 
ZTX341 
2N393/MA393 
2N456A 
2N929 ... ... 
2N987 
2N1507/2219 . . . 

2N2401 
2N2412 ... .. 

2N2183 . 

2N2904/5/6/7/7A 
2N3053 . 

2N3055 R.C.A. 
2N3704 
2N3133 
2N4037 ... ... 
2N5036 
25A141/2/360 
2SB135/6/457 
40250 

12p 
69p 
48p 
30p 
43p 
48p 
23p 

5p 
20p 
30p 
60p 
14p 
40p 

25p 
98p 
23p 
15p 
111p 
80p 

Sp 
17p 
34p 
80p 
31p 
20p 
54p 

OTHER DIODES 
1N916 ... ... 5p 
1N4148 .. . 2p 
BA145 ...1.5p 
Centercel ... 24p 
BZY61/BA148 ...10p 
86103/110 Varicap 23p 
BB113 Triple 

Varicap ...37p 

0A5/7/10 . 15p % 
BZY88 Up to 33 volt 7p 
BZX61 11 volt 19p 
BR100 Diac. ......15p 

INTEGRATED CIRCUITS 
TAA700 £2.00 
723 reg (T099) 45p 
741 8 pin c1.1.1..i.l. opA18}} 

TAD 1p 00 AMRF £1.39 

CA3001 R.F. Amp 60p 
TAA300 1wt Amp £1.20 
NE555v Timer 35p 
TAA550 Y or G 22p 
TAA263 Amp ...65p 

74022/4/20/30 
/10 

.11p 
7414 50p 
7438/74/86 ... 24p 
7483 . . 59p 
LM300, 2-20 volt £1.50 
74154 ... £1.00 

Amp Volt THYRISTORS 

1 240 BTX18-200 
1 400 BTX18-300 
1 240 BTX30-200 
15 500 BT107 .. 

6.5 500 BT101-500R 
6.5 500 BT109-500R 
20 600 BTW92-600RM 
15 800 BTX95-800R Pulse Modulated 
30 1000 28T10 (Less Nut) 

40p 
50p 
40p 

£1.60 
90p 

£1.00 
.. £3.00 
.. £8.00 
.. £3.00 

.3" red 7 segment L.E.D. 14 
D.I.L. 0-9+D.P. display 1.9v 
10m/a segment, common, 
anode 68p 
DL747.6" £1.50 
Minitron 3" 3015F filament 

£1.10 
CQY11 B L.E.D. 

Infra red transmitter £1 
One fifth of trade 

Plastic, Transistor or Diode 
Holder 1p 
Transistor or Diode Pad 1 p 
Holdersorpads 50pper100 

PAPER BLOCK CONDENSER 
0.25MFD BOO volt 30p 
1MFD 250 volt 1-5p 
2MFD 250 volt 20p 
10MFD 500 volt 80p 
4MFD 250 yolt 20p 
1.C. extraction and insertion 
tool 32p 

METAL CHASSIS SOCKETS 
Car Aerial 
Coax 
5 or .6 pin 240° din 
Speaker din switched 
3.5mm Switched Socket 

9p 

Philips Iron Thermostat ... 15p 
McMurdo PP108 8 way edge plug 10p 

T03 HEATSINK 
Europlec HP1 TO3B individual 'curly' 
power transistor type. Ready drilled 20p 

Tested unmarked, or marked 
ample lead ex new equipment 

ACY17-2A 8p 0071/2 5p 
ASZ20 8p 0C200-5 
ASZ21 30p TIC44 
BC186 11p 2G240 
BCY30-34 10p 2G302 
BCY70/1/2 8p 2G401 
BF115 10p 2N711 
BY127 9p 2N2926 

HG 1005 
H G 5009 
HG5079 
L78/9 
M3 
OA81 
OA47 
0A200-2 
0C23 

SMALL ORDERS, ENCLOSE SUITABLE 
STAMPED ADDRESSED ENVELOPE 

LARGE ORDERS, ADD SUFFICIENT FOR 
POSTAGE, INSURANCE, ETC. 

TOTAL GOODS PLUS CARRIAGE, ADD V.A.T. 

10p 
3p 
3p 
3p 

10p 
3p 
3p 
3p 

20p 

20p 
24p 

2-50 
15p 
1 5p 
25p 

7p 
2N598/9 6p 
2N11091 8p 
2N1302 8p 
2N1907 2-50 
Germ. diode 1p 
GET120 (AC128 
in1" sq. heat sink) 

25p 
12p 
30p 

GET872 
2S3230 

8 way Cinch standard 
0.15 pitch edge socket 

30p 
U.E.C.L. 10 way pin 
connector 2B6000 
0A1 P10 .. 10p 
U.E.C.L. 20 way pin 
connector 
2A60000A1P20 20p 

U.E.C.L. 10 way pin 
socket 2B606001 FR10 

10p 
U.E.C.L. 20 way pin 
socketB 260800A1 R20 

20p 
3.5mm STEREO PLUG 
Metal screened 35p 
Philips electronic eng- 
ineer kits add on series 
E1004 £1.00 each 

RS Yellow Wander 
Plug Box of 12, 25p 

Multitore Solder 
18SWG 3p per foot 

ENAM. COPPER WIRE 
SWG. PER YD. 
20-24 3p 
26-42 2.5p 

GARRARD 
GCS23T or GP93/1 
Crystal Stereo Cart- 
ridge £1.50 

HANDLES 
Rigid light blue nylon 
61" with secret fitting 
screws ... 8p 

Belling Lee white 
plastic surface coax 

outlet box 43p 

Miniature Axial Lead 
Ferrite Choke formers 

2p 
RS 10 Turn Pot 1% 
250, 500 f; 1K, 
50K 11.50 
Copper coated board 
10" x 9" approx48p 

TIE CLIPS 
Nylon self locking 7" 
or 31" 2p 

Geared Knob - 

8-1 ratio 1g" diam, 
black /Op 

1lb Mixed bolts, nuts, 
washers etc. 45p 

MAIL ORDER CUSTOMERS ONLY ADD 
8% VAT -I PAY BALANCE ON 12f % ITEMS 
ALL ENQUIRIES, ETC., MUST BE ACCOMPANIED BY A 

STAMPED ADDRESSED ENVELOPE 
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FiI!11i1 mA2 
Capacitive discharge 

electronic ignition kit 

Smoother running 
* Instant all-weather starting 
* Continual peak performance 

Longer coil/battery/plug life 
* Improved acceleration/top speeds 
* Up to 20% better fuel consumption 
Sparkrite Mk. 2 is a high performance, high quality capacitive discharge, 
electronic ignition system in kit form. Tried, tested, proven, reliable 
and complete. It can be assembled in two or three hours and fitted in 
15/30 mins. 
Because of the superb design of the Spark rite circuit it completely 
eliminates problems of the contact breaker. There is no misfire due to 
contact breaker bounce which is eliminated electronically by a pulse 
suppression circuit which prevents the unit firing if the points bounce 
open at high R.P.M. Contact breaker burn is eliminated by reducing the 
current to about 1/50th of the norm. It will perform equally well with 
new, old, or even badly pitted points and is not dependent upon the 
dwell time of the contact breakers for recharging the system. Sparkrite 
incorporates a short circuit protected inverter which eliminates the 
problems of SCR lock on and, therefore, eliminates the possibility of 
blowing the transistors or the SCR. (Most capacitive discharge ignitions 
are not completely foolproof in this respect). All kits fit vehicles with 
coil/dhtributor ignition up to 8 cylinders. 

THE KIT COMPRISES EVERYTHING NEEDED 
Ready drilled pressed steel case coated in matt black epoxy resin, ready 
drilled basé and heat -sink, top quality 5 year guaranteed transformer 
and components, cables, coil connectors, printed circuit board, nuts. 
bolts, silicon grease, full instructions to make the kit negative or 
positive earth, and 10 page installation instructions. 

OPTIONAL EXTRAS 
Electronic/conventional ignition switch. 
Gives instant changeover from "Sparkrite" ignition to conventional 
ignition for performance comparisons, static timing etc., and will 
also switch the ignition off completely as a security device, includes: 
switch connectors, mounting bracket and instructions. Cables excluded. 
Also available RPM limiting control for dashboard mounting 
(fitted in case on ready built unit). 

CALLERS WELCOME. For Crypton tuning and fitting service - 
'phone 109221 33008 

PRICES INCLUDE VAT, POST AND PACKING. 

Improve performance &economy NOW 

QM/CksÂst //Oti.a 
Abelt,_Areasedifieetioa 

ii."- 
rterireeL. 

Electronics Design Associates, Dept., REC/9 
82 Bath Street, Walsall, WS1 3DE. Phone: Í09221 33652 

I 
Ignition Changeover switches e f4.30 

R.P.M. Limit systems in above units l f2.42 

Name 

Address 

Mk. 2 01 V Ast. Kit® f11.80 az7 
Mk. 2 Reedy Built Negative Earth a f14.97 

Mk. 2 Ready Built Positive Earth a f14.97 

l enclose cheque/PO's folic - 
Cheque No. 

Send SAE if brochure 
I only required. 

1 

_Y 

Texan Amplifier as 
featured by PRACTICAL WIRELESS 

SOLE U.K. DISTRIBUTORS - HENRY'S 

KIT PRICE INC. VAT+ £1.00 p&p 
Built and tested (42.00 inc. VAT ,C1.00 p&p. 

Build the Texan stereo amplifier, then you can be 
doubly proud! For a start, you'll own a superb home 
entertainment unit. And have had all the pleasure of 
doing it yourself, with the Henry's kit. 
Look at the Texan specification 
ncorporating fully integrated stereo preamp and power amp, 

with 6 IC's,10 transistors, 6 rectifiers end zener diodes. Plus 
tabilisied, protected circuitry, glass fib pcb ; Gardeners 
ow -field low -line mains transformer; all facilities and 
ontrols. Slim design, chassis 14;" 06" x 2' overa11.20 watts 

per channel RMS, less than 0.1% distortion at 1 kHz. 

VAT+ 50n oho 
Built and tested £28.50 inc. VAT 
r 50p p&p. 
Build the matching Texan stereo tuner! 
Features advanced ve ricap tuning. Phase 
lock loop decoder. Professionally 
designed circuit. Everything you need is 
in the kn. From the glass fibre pcb to the 
cabinet itself. Excellent spec : 2.5 uV 
aerial sensitivity. 500 reV output 
(adjustable). Tuning range 87-102 
MHz. Mains powered. 
THE NATURAL FOLLOW-ON 

EXCLUSIVE 
HENRY'S 
P t 

anPu 

pl ra G tIa<., 

LOTS OF 7 (16.50 
INC. Y.A.T. and P&P 

* Can be 
built Stage 
by stage 
Ask for 
leaflet S. * Everything 
necessary 
supplied. 
Full after 
sales 
service and 
guarantees. 

VIDEO SPORT 

An uo-to-the- 
minute game. 
Plugs into your own TV aérial socket, Switch on. And you're away I CChoose your game-football, tennis hole -in -the -wall. Absolutely sate. For you, Your children, And your TV. Mains powered. List Price £42.50 HENRY'S PRICE 

£25.00 
inc.VAT-50p p&p 

* OVER 10,000 
ALREADY SOLD * IDEAL GIFT 

SILENT RUNNING LARGE 
ILLUMINATED NUMERALS 

A.C. MAINS SIZE 61e 2é'x 2f" 

All rep vare to la,r mele a anlna ani roù re yet a!le.aa 0i9lh1 ónl, 

Also from Henry's MISTRAL DIGITAL 
CLOCK KIT E11.50 inc. VAT. 30p pfm 

NENRÿs 
RADIO 

HENRY'S 
LATEST 
ELECTRONIC 
CATALOGUE 

50p + 20p 
cary/pack 

All mail to: Henry's Radio 
303 Edgware Rd.London W2 

LONDON W2: 
404,6 Edgware Road. Tel: 01-402 8381 

LONDON W1: 
(lower sales floor) 231 Tottenham Court Road. 

Tel: 01-636 6681 
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THE ABOVE KIT IS AVAILABLE 
AS SEPARATES 

£ p p&p 

Kit Complete as above 30.50 1.15 
Mk.II Drill Stand 4.00 35 f Mk.II Drill Only 8.00 35 
Flexible Shaft 5.00 25 
Transformer 5.50 70 
S.30 Kit (30 tools) 16.00 85 
S.10 Kit (10 tools) 12.50 65 

(Any uuant/ty) 

Replacement accessories ....40p each 
Circular Saw Blade Sets (4) £2.40 
Spare Collets £0.40 
Spare Chuck & 3 Collets £2.50 

15p 
15p 
15p 
15p 

ALL ABOVE PRICES INCLUDE V.A.T. 

S.A.E. 
FOR ILLUSTRATED LEAFLET 
& ORDER FORM 

PRECISION PETITE LTD 

119a High Street 

Teddington, Middx. 

Tel: 01-977 0878 

Have pleasure in introducing 
their Precision Tools from 

France for all types of 
electronic design and 

development, professional 
or amateur 

\\\\.. 
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TAKE AN 
SDeC 

r 

David Gibson 

This miniature organ emits a series of musical notes 
in accordance with the positioning of a probe lead 
between hole 56 and a chain of resistors, and be- 
tween hole 1 and the same chain. A range of musical 
scales is available dependant on the selection of 
the appropriate resistors at various parts of the 
chain. 

The circuit is an example of an astable multi - 
vibrator. The left-hand transistor obtains its base 
current via the resistance chain. The total value of 
the resistance in circuit at any time determines the 
pitch of the oscillator note. Since the resistance 
can be varied by means of the probe lead, so can 
the pitch of the note. 

Many developments are possible. For example, 
by substituting a 30k.a potentiometer between 
hole four and hole 35 (wiper to hole 56) and omit- 
ing the resistors in the chain between holes four 
and 35, a swanee whistle type effect can be pro- 
duced complete with vibrato (waggle the pot 
spindle slightly backwards and forwards!). 

Building circuits like this is simple if you use an 

69 

67 

12 

02 

53 

15043 

35 29 30 12n 24 25 4.7,, 19 20 4.7K 14 15 1.911 9 10 6430 

Touch resistor leads with probe wires la make contacts. 

40 
+ 9V 

4.7 36 

Fig. 1 Circuit diagram oïSimple Electronic Organ showing 
relevant hole numbers of S-DeC. 

No19 
Simple Electronic Organ 

S-DeC (see photograph). Component leads are 
plugged into the relevant 'numbered holes (see 
circuit diagram) and are automatically connected 
into circuit. 

Beneath the holes are special sockets connected 
together in a pattern which is shown on the upper 
surface of the S-DeC. When you have finished 
building the Simple Electronic Organ, simply un- 
plug your components and use them again. 

If you want to keep a circuit permanently wired, 
then for only a few pence you can buy a Super 
Solder Board. These printed circuit boards have 
holes and copper tracks which exactly match those 
on the S-DeC. To preserve your circuit, simply 
transfer the components from the S-DeC to exactly 
the same matching holes on the Super Solder 
Board and solder a permanent circuit. Holes on 
both S-DeC and Super Solder Board have the same 
letter/number marking. Making mistakes is almost 
impossible. 

When you have built your Simple Electronic 
Organ you can build other -exciting projects on 
your S-DeC. Many of the circuits featured in the 
popular electronics construction journals can be 
built on your S-DeC. In addition, P.B. Electronics 
is writing a special projects handbook for the S-DeC 
experimenter. The book will contain 48 different 
projects to build. These include record player 
amplifiers, emotion meter, radio jammer, electronic 
tug-of-war, strength meter, radio microphone and 
dozens of others - and you can build every one on 
your S-DeC. 

The S-DeC costs only £1.98 plus 37p post, pack- 
ing and VAT. It also includes a booklet giving 
9 S-DeC circuits you can build. 

Please rush me S-DeC's at £1.98 plus 37p p. & p. 
and VAT each. 
I enclose a postal order/cheque for 

Name 

Address 

RONICS (SCOTLAND) LTD. RC2 

57 HIGH STREET . SAFFRON WALDEN ESSEX CB10 IAA ENGLAND 
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TWIN BANK 6 LIGHT 
I less lamps) LENGTH 

t6 144- inches U N I T 

Wired ready for use 

Complete with three £18.95 

I00 
watt coloured lamps 

that flash Independently2 dom. 

Sound to Light 600 
MASTER UNIT WAPER TYPE A SPOT r 

- CHANNEL (less lamp;. 

B.C.Fittig 

9.55 

TYPE B 3 BANK UNIT 
(Less Lamps) 

BiC ing £690 I Fitting £7.26 

100 WATT SPOT LAMPS 
RED. YELLOW.GREEN 

BLUE, 1$ each 
CLEAR 1' B.C. or E.S. ittiny 

ALL PRICES I11[1. UUE y.A.T. end PO T a PACKING 
reef ., le Ille Unitid Kin n n 

E 
. 

£l035 Fitting 
EAH 

B.C. Fitting E.S FI 

£1.95"' £2.12E 

TWIN BANK 12LIGHT 

UNIT 
Length 

314' 

p' 
(less lamps) 

Be. £15'60 S 17.00 FittingFitting -eeur 
Send 20 for illustrated leaflet 8 rice lis 

ALBEN ENGINEERING CO. LTD., 
DEPT RE THE CRESCENT, WORSTHORNE, 
BURNLEY. LANCS. TelBurnley20940 

.p/ease write your Name end Address in block capitals 

NAME 

ADDRESS 

HOME RADIO (Components) LTD., Dept. RC 
234-240 London Road, Mitcham, Surrey CR4 3HD 

nega. No. 912966. London 
4 

SPECIAL 
ANNOUNCEMENT 

We are adding a further 800 new 
items to our stock list of components. 
Watch for our advertisement in next 
month's issue! Better still, write 
NOW for our NEW 1976 Catalogue. 
It shows our complete range of Elec- 
tronic Components, Semiconductors, 
Audio Modules, Hi-Fi Accessories 
etc., in fact, everything for the elec- 
tronic enthusiast. AND all at 
unbeatable bargain prices! Order 
your copy NOW. 
ONLY 50p plus 15p postage. 

BbPAK 
P.O. BOX 6, WARE, HERTS 

By the way, the price 
of the catalogue is 90p 
plus 35p for postage 
and packing. Why hes- 
itate? Send off your 
cheque or Postal Order 
for £1.25 today, to- 
gether with the coupon 
on the left. 

Perhaps you have to be of my vintage to 
know the phrase "a Double Feature," but up 
to a few years ago cinemas always 'ran a 
main film and a supplementary film. I was 
reminded of it because with their new 
catalogue Home Radio Components are now 
giving away a supplementary catalogue of 
bargain lines. 

It sounds a very practical and sensible 
idea. After all, most electronic component 
firms accumulate surplus stocks of various 
items, and rather than dispose of them, why 
not offer them to customers at exceptionally 
low prices? I'm told that this bargain list will 
ccntinue for several months and be up -dated 
from time to time. 

No constructor should be without the 
Home Radio Components Catalogue (it con- 
tains 5,000 items clearly listed plus about 
2,000 illustrations) but now you have a dou- 
ble incentive for buying one. In addition to 
getting one of the finest component, 
catalogues available, you also receive a list of 
bargains at unbelievably low prices. For ex- 
ample, Gemini Mains Transformers: normal 
price £11.48, bargain list price £5, saving 
£6.48! This means that with a single 
purchase from the bargain list you can save 
the price of your catalogue several times 
over!! 

The price of £1.25 applies only to customers 
in the UK and to BFPO Addresses. 

HOME RADIO (Components) LTD. Dept. RC, 234-240 London Road, Mitcham, CR4 3HD. Phone: 01-648 8422 
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TOYTOWN 
TRAFFIC LIGHT 
CONTROLLER 

by J. R. Davies 

The author was recently browsing through a 
catalogue of electronic components when he en- 
countered a range of light -emitting diodes in red, 
yellow and green. It occurred to him that, as these 
colours correspond to the familiar red, amber and 
green of traffic control lights, it would be an amusing 
exercise to set up a switching system which 
automatically turned on two sets of l.e.d.'s in the stan- 
dard traffic light sequence. The completed project 
could form an attractive gift for a youngster in- 
terested in model cars, and could also provide an 
entertaining and attention -catching display for the 
not -so -young whose professional or spare time pur- 
suits are concerned with cars. 

The sequence switching device described in this ar- 
ticle is the outcome of the author's idea, and it 
employs three 555 timer i.c.'s, three transistors and a 
small number of other components, together with the 
red, yellow and green l.e.d.'s which function as the 
traffic lights. The circuit will accommodate any 
number of l.e.d.'s between one and four in each sec- 
tion by the choice of suitable series resistor values. 
For maximum realism, at least two 1.e.d.'s per section 
will be required so that the traffic lights can face in 
four directions. 

LIGHT SEQUENCE 
Fig. 1 shows two sets of traffic lights at a crossroad 

junction, one set facing the North -South road and the 
other facing the West -East road. Starting with Red, 
each set will light up in the following sequence: Red, 
Red -and -Amber, Green, Amber, Red. Obviously, the 
North -South lights will be at Red when the West -East 
lights are at Green, and vice versa. In practice, there 
may be a delay after the lighting up of Red at one set 
before the appearance of Red -and -Amber and then 
Green at the other set but, at the risk of a few 
Toytown pile-ups, the switching can be considerably 

By taking advantage of three 555 timer 
integrated circuits, this controller offers 
the four switching steps needed for 

lighting up a toy traffic light system. 

simplified by the exercise of a little judicious bending. 
With the present circuit it is assumed that the Amber 
after Green in one set of lights is coincident with the 
Red -and -Amber in the other set. Thus, Red (with 
Amber) becomes present at one set of lights when the 
other set changes from Green to Amber, and so a 
reasonable replica of actual working is achieved. 

RED 

AMBER 

GREEN 

RED 

2 

AMBER 
2 

GREEN 

2 

W E 

Fig. 1. Two sets of traffic lights at a crossroad 
junction 

78 RADIO & ELECTRONICS CONSTRUCTOR 

www.americanradiohistory.com



Toytown traffic hold up, as the cement carrier 
and ambulance wait for the green 

Fig. 2 shows the sequences for the two sets of lights, 
and it will be noted that there are four switching steps 
in the cycle before it reverts to its initial state. From 
now on, we shall give the North -South lights the suffix 
1, and the West -East lights the suffix 2. We shall also 
ascribe the colour Amber to yellow l.e.d.'s. 

STEP 
N -S 

LIGHTS 
W -E 

LIGHTS 

I 

2 

3 

4 

I 

RED I 

RED I -AMBER I 

GREEN I 

AMBER I 

RED I 

GREEN 2 

AMBER 2 

RED 2 

RED 2 -AMBER 2 

GREEN 2 

Fig. 2. Suitable switching steps for the two 
sets of lights 

BASIC CIRCUIT 
Fig. 3 shows a simplified circuit of the sequence 

switcher. Here, the blocks identified as "Red 2", "Grn 
1", etc., represent the 1.e.d. or I.e.d.'s in each set, 
together with their series resistors. IC1 is in a stan- 
dard 555 multivibrator circuit and produces a near - 
square wave at its pin 3 which changes state at 
relatively long intervals. IC2 and IC3 are also 555 
i.c.'s, and are employed without their discharge func- 
tion. Pins 2 and 6 connect to the internal comparators 
and all that has to be remembered here is that when 
these two pins are taken lower than one-third of VCC 
the output at pin 3 goes high (i.e. close to the positive 
rail), and that when the two pins are taken above two- 
thirds of VCC the output at pin 3 goes low (i.e. close 
to the negative rail). 

Let us commence examination at an instant when 
the output of IC1 goes high. This at once causes Red 1 

to light up Green 2 also lights up since TR2 is con- 
ductive. TR2 is conductive because, prior to the 
change at IC1 output, capacitor C3 had been held dis- 
charged via D1 and the output at pin 3 of IC3 is con- 
sequently high, causing base current to flow into TR2. 
As IC1 output goes high. a base current flows into 
TR3 and this turns on, discharging C2 and causing 
IC2 output to go high. 

The circuit is now at Step 1 of Fig. 2, with Red 1 

and Green 2 alight. 
Since IC1 output is high, diode D1 is reverse biased 

and C3 commences to charge via VR3. VR3 has been 
previously set up such that the voltage across C3 
reaches two-thirds of VCC a short time before the out- 
put of IC1 goes low. When the voltage across C3 has 
risen to two-thirds of VCC, the output of IC3 goes low, 
removing the base bias from TR2 and causing this 
transistor to become cut off. Green 2 extinguishes. 
The output of IC3 also causes both Amber 1 and 
Amber 2 to light up via D3, with D2 being reverse 
biased. 

We have now reached Step 2 of the sequence. Red 1 

and Amber 1 are lit up, as also is Amber 2. 
The circuit remains in this state until the output of 

IC1 changes and goes low. At once Red 1 extinguishes 
and Red 2 lights up. C3 is rapidly discharged by way 
of D1, which is now forward biased, and the output of 
IC3 goes high. This causes a base current to flow into 
TR2, but Green 2 cannot be illuminated because its 
upper terminal is low. Since IC3 output goes high, 
Amber 1 and Amber 2 extinguish. Before the change 
in IC1 output, the output at pin 3 of IC2 was high. 
TR1 now becomes turned on, and Green 1 lights up. 

We are now at Step 3 of the sequence, with Green 1 

and Red 2 illuminated. 
The charging of C2 was previously inhibited 

because TR3 was turned on. But TR3 is now turned 
off, allowing C2 to charge via VR2 (which has been 
previously set up in the same manner as VR3). A 
short time before the next change in output from IC1, 
the voltage across C2 reaches two-thirds of VCC and 
the output of IC2 goes low. Base bias for TR1 ceases 
and Green 1 extinguishes in consequence. Also, 
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Supply + 

ICI 

555 

RED21 GRNI 

TRI 

VR2 

-wme 

REDI GRN2 

TR2 

TR3 

VR3 ; 

IC2 

555 

2,6 3 

AMBI 

+14 
D2 

AMB2 

D3 

DI 

=C3 

2,6 

555 

IC3 

Fig. 3. Simplified circuit demonstrating the operation of the traffic light controller 

Amber 1 and Amber 2 are lit up via D2, with D3 
reverse biased. 

Thus we now have Amber 1 lit up, together with 
Red 2 and Amber 2, this constituting Step 4 of the 
switching cycle. 

The circuit stays in this state until the output from 
IC1 goes high again. Red 1 lights up, Red 2 ex 
tinguishes and TR3 is turned on. C2 discharges rapid- 
ly and the output of IC2 goes high with Amber 1 and 
Amber 2 extinguishing as a result. Green 2 also lights 
up because, with C3 previously inhibited via D1, the 
output of IC3 is high and TR2 is turned on. 

Which is where we came in. 

The controller components are assembled on a 
standard size Veroboard panel. The traffic 
lights are switched by three 555 timers and 

three transistors 

FULL CIRCUIT 
The full circuit diagram appears in Fig. 4. This is 

the same as Fig. 3 with components added for prac- 
tical operation. 

IC1 appears in an astable multivibrator circuit, 
with Cl charging via R1, R2 and VR1, and discharg- 
ing via R2 and VR1. Since R1 is much lower in value 
than R2 and VR1 the output approaches a 50:50 
square wave, this being particularly the case when 
VR1 inserts a high resistance into circuit. The cycle 
length can be adjusted by VR1 from roughly 7 
seconds to 70 seconds. The shorter time periods are 
useful for circuit testing, and in practice a cycle 
length of about 30 to 40 seconds is adequate to 
demonstrate the changing of the lights without ex- 
cessive waiting. 

The blocks of Fig. 3 which represented the lights 
are now replaced by the actual 1.e.d.'s. Two are shown 
at each position but, as already mentioned, there may 
be any number from one to four. The 1.e.d.'s at each 
position are connected in series as indicated. The 
diagram also shows the series resistor values for 
different numbers of 1.e.d.'s. These resistor values 
assume a forward voltage per l.e.d. of around 2.2 volts 
with a forward current of the order of 20mA. 

TR1, TR2 and TR3 are switched in the same 
manner as in Fig. 3, but an extra 1k II resistor is add- 
ed across each base and emitter. These extra resistors 
ensure that each transistor is fully cut off when the 
associated 555 output goes low, and guards against the 
(admittedly unlikely) possibility of an i.c. output not 
being adequately negative when in the nominal low 
state. 
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COMPONENTS Capacitors 
Cl 1001.&F subminiature electrolytic, 25V Wkg. 
(Mullard) 
C2 1001-LF subminiature electrolytic, 25V Wkg Resistors (Mullard) 

(All fixed values ; watt 5% unless otherwise stated) C3 10011F subminiature electrolytic, 25V Wkg. R1 4.7k 0 (Mullard) 
R2 47kû C4 1,000µF subminiature electrolytic, 16V Wkg. R3 -R6 See Fig. 4 (Mullard) 
R7 4.7k0 
R8 1k 
R9 lk0 
R10 4.7kû 
R11 4.7k 0 
R12 1000 
R13 lk0 
R14 22kû 
R15 1000 
R16 See Fig. 4 
R17 See Fig. 4 
R18 22kû 
VR1 470k û pre-set potentiometer, 0.1 watt, 
miniature horizontal Miscellaneous 
VR2 220k0 pre-set potentiometer, 0.1 watt, Veroboard, Olin. matrix, 2.5 x 3.75ín. 
miniature horizontal Veropins, 0.lin. (9 required) 
VR3 220kû pre-set potentiometer, 0.1 watt, Hardware for light standards (see text) 
miniature horizontal Wire, solder, etc. 

Semiconductors 
IC1 555 
IC2 555 
IC3 555 
TR1 BC107 
TR2 BC107 
TR3 BC107 
D1 1N4002 
D2 1N4002 
D3 1N4002 
Light -emitting diodes, red, yellow and green (see 
text) 

c=1 Cl 

R3,R4 

R5,R6 

R16, R17 

RED 2 

555 

ICI 

TRI 

BC107 

GRN I 

R4 

8 

GRN 2 

I L.E.D. - 470n 1/2 watt 

2 L.ED.'s - 390n 1/4 watt 

3 LED's - 270n 1/4 watt 

4 L.E.D's - 150n 1/4 watt 

TR2 
BCIO7 

o C3 

R9 R10 

VR3 

R18 

4 

555 

6 

IC2 

4 

555 

6 

AMB I 

.I4 

AMB 2 

R16 

D2 

IN4002 

R17 

-;.1N4002 
D3 

IC3 

Fig. 4. The full working circuit of the controller 

C 

BC 107 

Lead -outs 

+12V 

CI C4 
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Resistors R12 and R15 are surge limiting resistors. 
R12 ensures that the maximum surge current which 
flows when C3 is discharged is about 110mA. Similar- 
ly, R15 limits discharge current to about the same 
value when TR3 discharges C2. VR2 and VR3 now 
have R14 and R18 in series to limit their range and to 
prevent excessive current flow in their tracks if they 
are set to insert a low resistance into circuit. R2, in- 
cidentally, performs a similar function in relation to 
VR1. 

A low supply source impedance is essential, as a 
number of switching operations occur simultaneously, 
or nearly simultaneously, during the cycle. The low 
impedance is provided by C4. Constructors who like 
to build projects in stages, checking each stage when it 
is complete, are advised to ensure that C4 is in circuit 
at the outset. 

No connections are made to any of the i.c. pins 
which do not appear in the circuit of Fig. 4. 

VEROBOARD ASSEMBLY 
The complete circuit fits comfortably on a piece of 

O.lin. matrix Veroboard measuring 2.5 by 3.75in. 
This is a standard size and does not need to be cut 
from a larger piece. It should have 24 strips by 37 
holes. 

The component and copper sides of the board 
appear in Fig. 5. Since large sections of the circuit 
change from one polarity to the other, rather more 
link wires are required than would be needed in, say, 
an amplifying circuit where most of the components 
are straddled across two supply rails. 

The two 6BA clear holes should initially be drilled 
out, after which all the cuts in the strips are made 
with the aid of a Vero spot face cutter or a small twist 
drill held in the hand. Visually check the cuts after 
they have been made. With Olin. Veroboard it is 
possible to occasionally miss a small sliver of copper 
bridging a cut which is fondly imagined to be open - 
circuit. 

Next fit O.lin. Veropins at all the points where ex- 
ternal connections are to be made to the board. These 
pins are virtually essential with this project, as it is 
probable that the flying leads from the board will be 
moved around to a relatively large extent in subse- 
quent handling. The copper could be torn from the 
s.r.b.p. backing if the flying leads were soldered 
directly to the strips. 

The link wires are fitted after the Veropins. Link 
wires bridging more than three holes should be in- 
sulated, but shorter wires can be bare tinned copper. 
Immediately to the right of VR3 are two link wires 

which lie alongside each other. These two wires must 
both be insulated. 

The three diodes, the three potentiometers and all 
the resistors and capacitors are next soldered in. Note 
that the potentiometers are miniature types having 
0.2in. spacing between track tags and 0.4in. spacing 
between track and slider tags. After these, the three 
transistors are connected to the board. Finally to be 
mounted are the integrated circuits. The author fitted 
these to short 4 -way lengths of O.lin. connection strip 
in the prototype, these effectively forming i.c'. holders, 
but the integrated circuits can alternatively be 
soldered directly to the board. 

When assembly has been completed, check for 
short-circuits between the supply rails by connecting 
an ohmmeter across the supply rail pins. After an in- 
itial charging surge in C4, the resistance reading 
should rise well above 1k cl if the ohmmeter test prods 
are applied with a polarity that agrees with that of C4. 
In other words, check with the test leads connected 
one way round and then transpose them; the higher 
reading is the correct one. A careful visual examina- 
tion should also be made, looking in particular for 
short-circuits between strips. 

The completed board may be housed in any con- 
venient plastic or home-made wooden case. If it is to 
be powered by a battery, an on -off s.p.s.t. toggle 
switch may be inserted in series with the positive 
supply lead. Should it be desired that a mains power 
supply be employed both this and the Veroboard pan- 
el can be installed in the same case, and the on -off 
switch will then be in the mains input circuit. Wires 
from the case will connect to the traffic light standard 
or standards. 

The board can be mounted by 6BA bolts and nuts 
at the two 6BA clear holes. It is in order for 6BA nuts, 
used for spacing, to be in contact with the copper 
strips, as the three strips around the 6BA clear holes 
have no connections made to them. 

The connections to the light -emitting diodes are as 
illustrated in Fig. 5. Four connections external to the 
board are taken from a positive supply point, and a 
fifth from a negative supply point. 

SETTING UP 
To check the circuit the requisite number of 1.e.d.'s 

may be temporarily connected up to it. It is helpful to 
have the l.e.d.'s soldered to tagstrips so that they take 
up positions approximating to those in Fig. 1. 

The three pre-set potentiometers are all connected 
into circuit such that the timing periods they control 
increase as they are adjusted clockwise. Initially set 

The Veroboard panel, as seen from the other 
side 
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Fig. 5. The controller is assembled on a Veroboard panel as shown here 

VR1 nearly fully anti -clockwise and set VR2 and VR3 
to approximately mid -travel, then switch on. After an 
initial charging period for Cl, during which Red 1 and 
Green 2 will light up, the circuit will settle down to 
alternate illumination of Red and Green l.e.d.'s. 

VR2 is next adjusted. This controls the start of il- 
lumination in Amber 1 and Amber 2 after Green 1. As 
this control is adjusted anti -clockwise, Green 1 will be 
followed by Amber 1 and Amber 2, and a final setting 
is needed in VR2 which gives the Amber period the 

correct length. 
VR3 may next be adjusted, and this controls the 

lighting of Amber 1 and Amber 2 after Green 2. It is 
adjusted in the same manner, and for the same length 
of Amber period, as VR2. 

These adjustments will check that the circuit is 
working satisfactorily. As the switching will now be 
relatively rapid, VR1 may be adjusted for the final 
cycle period, after which VR2 and VR3 are adjusted 
for the corresponding Amber periods. 
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To take up variations within tolerance of the timing 
capacitances, VR1 is given a slightly larger value than 
would otherwise be required. Should it happen that 
the actual values of all three timing capacitors are 
about the same, VR1 should not be adjusted to higher 
than three-quarters of its maximum value, since the 
Amber periods may then be too long. However, a little 
experimental adjustment will soon reveal the situa- 
tion in this respect. If the timing capacitors have been 
in stock for a long period, they may need about a 
dozen runs before they "form" and settle down to 
their final capacitance and internal resistance values. 
It should be remembered that the first half -cycle in 
IC1 immediately after switching on is always longer 
than the subsequent half -cycles because Cl has to 
charge from the fully discharged condition. 

LIGHT STANDARDS 
The making and scaling of the standards on which 

the I.e.d.'s are mounted is left to the constructor's in- 
genuity. "Lantex" (s.r.b.p.) tubing is available from 
Home Radio in 6in. lengths with outside diameters 
ranging from }in. to more than lin., and lengths of 
such tubing could well form the basis of the stan- 
dards. They will need to be painted with alternate 
white and black bands. Another approach can consist 
of putting alternate bands of white and black p.v.c. 
insulating tape around the standards. The wiring to 

Amber 

Green 

Fig. 6. As is explained in the text, l.e.d.'s with 
panel mounting bushes offer a fair approxima- 

tion to actual traffic lights 

BZY88C12V 
Output 

On -Off 

A.C. 
mains 

ACY 19 

Lead -outs 

Fig. 7. A suitable mains power supply for the 
controller. The output connects direct to the 

positive and negative rails of Fig. 4 

the I.e.d.'s can then be carried out with thin enamell- 
ed wire of around 30 s.w.g. This wiring travels down 
the outside of each standard, and is then covered by 
the tape. Wiring in this manner will be much simpler 
than is given by passing the wires down the centres of 
the standards. 

The l.e.d.'s may be of any size considered suitable. 
A possible choice here is the "L.E.D.4" types with a 
diameter of 5.1mm. available from Doram Elec- 
tronics under Code Nos. 586-475 (red), 586-481 
(green) and 586-497 (yellow), These have the anode 
connected to the shorter lead -out. They are supplied 
with panel mounting bush assemblies which, if fitted 
over the 1.e.d.'s, approximate to the appearance of 
traffic light hoods, as in Fig. 6. As mentioned earlier, 
all the l.e.d.'s in each section are wired up in series. 
Thus, all the North -South l.e.d.'s are in series circuits, 
as are all the West -East I.e.d.'s. 

POWER SUPPLY 
The current drawn by the circuit varies between 

approximately 50mA and 70mA during the cycle, and 
this is rather high for continuous operation from dry 
batteries, although the use of dry batteries for initial 
checking may be found convenient. 

Any small mains power supply offering 12 volts at 
the current required may be used, and a suitable cir- 
cuit is given in Fig. 7, in which the pass transistor is 
an inexpensive germanium type having a high collec- 
tor current rating. Other transistors in the ACY19 
"family" of ACY17 to ACY22 will function equally 
well. The 10 i2 resistor in the collector circuit limits 
surge current after switch -on when C4 on the 
Veroboard panel charges. 

The mains transformer is a small heater tran- 
sormer having two 6.3 volt secondaries. These are 
connected in series to produce a total voltage of 12.6 
volts. 
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CONSTRUCTOR'S 
CROSSWORD 

Compiled by J. R. Davies 

I 2 3 4 5 6 ] 8 
9 ro 

II .. 12 

13 

14 

16 

18 

17 19 
IS 20 . 22 

24 

25 
26 

28 

2' 

29 

. . 
Clues Across 

1. Southern coven can turn things on. (8) 
5. Acid and alcohol form these compounds. (6) 
9. Emission of brilliance. (8) 

10. Hustler which soaks up valve gas. (6) 
12. This clock now governs the six radio pips. (6) 
13. Descriptive of ion emitted by positive plate. (5, 3) 
15. Muddled voter and American anode put metal on 

metal. (12) 
18. The Ancient Mariner could have found a use for 

this. (5, 7) 
23. NOR gate plus pole produces particle. (8) 
24. In chalk a litmus paper turns blue. (6) 
26. What T05 has and TO1 has not. (6) 
27. Keeping ganged tuned circuits in tune. (8) 
28. Shoran spells out these Indian trees. (6) 
29. SN7400 enabled in the countryside? (4, 4) 

Clues Down 
1. Cliff -hanging transfer of computer bits. (6) 
2. Not the aerial for stereo f.m. (6) 
3. Encourage one, Capone, along this cable. (7) 
4. Confused ache, 1 -off. (4) 
6. These flip-flop. capacitors get things moving. (5-2) 
7. Feedback quite opposite to 2. (8) 
8. Atomiser output and what produces it. (5,3) 

11. Physics term for available energy. (7) 
14. Resonant radar testing device. (4, 3) 
16. These;pararneters relate output to input. (8) 
17. Electronic map tracer fitted in a vehicle. (8) 
19. Go on, act out this eight -sided piece! (7) 
20. Son of germanium. (7) 
21. Singular laminae. (6) 
22. This sideband takes up less space. (6) 
25. Excess voltage could cause an excursion. (4) 

For Solution see page 109 
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NEWS AND 

Dust -off air blast cleaner 
Immediately available from importers Pelling & Cross Ltd., 104 

Baker Street, London Wl., a very useful cleaning device for the hi-fi 
and electronics enthusiast. Dust -Off is a 14 oz. can containing a li- 
quified gas (freon) which emerges as a pressurised, super dry but inert 
gas, capable of dislodging even well engrained dust and oxide from 
delicate tape recorder mechanisms, tape heads, and record stylus 
without the danger of creating static by conventional forms of wiping or 
brushing. 

Do it yourself enthusiasts will also find it invaluable for cleaning 
printed circuit boards, switches and relays as well as those awkward 
places where no brush has access. With suitable care the can can be in- 
verted and liquid freon made to emerge from the nozzle causing instant 
freezing where sprayed. This can be utilized to check faulty circuit 
boards and other soldered connections for `dry joints.' Poor joints will 
either `make' or `break' under this treatment making the task of fault 
finding easier. 

A flexible hose and extension nozzle is available so that the jet may be 
most precisely directed where required. 

The cost of the initial Dust -Off can and trigger nozzle is £8.57 in- 
clusive of. VAT, plus post and packing at 65p. Flexible extension nozzle 
£1.49 plus post and packing 35p. 

Scotch cassette improvements 
Compact cassettes, like cars, are continually being 

refined to improve their performance, although the 
detail improvements are seldom noticeable on cursory 
examination; indeed, some are visually undetectable. 

3M, which is top of the sales league in the U.K. with 
its range of cassettes, has recently put into full-scale 
operation its new tape manufacturing facility at 
Gorseinon, near Swansea. The £3 m. scheme includes 
an automatic cassette assembler known as the 
`Snowflake,' and an impressive number of cassette 
winders known as `Raindrops.' These, coupled with 
what is probably the world's most sophisticated tape 
coating machine, are now producing a range of 
cassettes which exhibit marked improvements over 
the previous hand -assembled models. 

Scotch Dynarange, New High Energy, Chrome and 
dual -layer Classic cassettes are now all manufactured 
on 3M's automatic assembly lines. The mechanics are 
common to each range within the Scotch family, and 
have been designed with reliability and consistent 
performance in mind. In fact, 3M's Recording 
Materials Division is so confident about the trouble - 
free operation of its cassettes that it is currently call- 
ing them `The Jambusters' in a national retail cam- 
paign which highlights their jam -free properties. 

Detailed improvements in Scotch cassette design 
include the following: 

(1) Larger, permanently fixed one-piece pressure 
pad for better head -to-tape contact and signal unifor- 
mity; (2) Posi -Track backing -a tape back -coating 
process for a smooth wind and reduction of static - 
induced dust attraction which can lead to annoying 

drop -outs; (3) Fixed polished metal guideposts which 
eliminate the mechanical movement associated with 
nylon wheels and so reduce wow and flutter. 

Improvements have also been made to tape for- 
mulations: the popular Scotch Dynarange tapes, for 
example, have a new oxide formulation, which gives 
an improvement of some 4dB over the tape previously 
used in Dynarange cassettes. 

\\ 
_ .._ 

4 
Taking the "lid" off a new Scotch High Energy 
cassette reveals the large one-piece pressure 
pad and polished metal guideposts which con- 
tribute towards good wow and flutter perfor- 
mance. 
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 COMMENT 
International Broadcasting 
Convention 1976 

The Sixth International Broadcasting Convention 
will be held at Grosvenor House, London, from 20-24 
September 1976 and will be opened by the Admiral of 
the Fleet the Earl Mountbatten of Burma, Chairman 
of the National Electronics Council. 

Lord Mountbatten has taken a keen active interest 
in the art and science of radio and television for many 
years. He is a Past -President of the Institution of 
Electronic and Radio Engineers, one of the IBC spon- 
sors. 

The aims of IBC, since it was launched in 1967 
have been to provide an international forum for people 
with interests in the wide field of broadcast engineer- 
ing, to discuss developments and to exhibit and 
demonstrate their latest equipment and to assist the 
all important objective of exporting UK products and 
expertise. With the support of world broadcasting 
organisations and equipment manufacturers, these 
aims have been achieved and IBC is now firmly es- 
tablished in the international broadcasters calendar. 

IBC 76, to be held at Grosvenor House, London, 
from 20-24 September is the sixth of the biennial con- 
ventions, each one of which has attracted an in- 
creasing number of participants from all over the 
world. At IBC74 more than 2,000 delegates from 44 
countries attended. Today the indications are that the 
number will again increase with an even higher 
percentage from overseas. 

All available exhibition space has been sold. Most 
of the leading world manufacturers are represented. 

Running concurrently with the Exhibition will be a 
Technical Programme consisting of 60 papers written 
by leading international experts. 

Earl Mountbatten at 
the HEDA Exhibition 

Earl Mountbatten listens to the new Hacker 
portable stereo radio at the HEDA Exhibition, 
at NEC Birmingham. On the left are Mr. R. H. 
Hacker, Managing Director, and Mr. H. A. 
McGhee, Chairman. 

Earl Mountbatten of Burma visited the all British 
Stand of Hacker Radio Ltd., at the HEDA Exhibition 
held in the New Exhibition Centre, Birmingham. 

On his whistle stop show tour, the Earl was able to 
listen to the third programme `Stereo Style' on 
Hacker's new stereo portable radio. 

One of the highlights at HEDA, it incorporates 
acoustic principles not previously used in portable 
radios. In genuine Rio Rosewood, it has a black 
leather and matt silver finish. 

Growing up with television 
Children aged between five and 15 in Britain watch 

an average of 24 hours of television a week, a recent 
survey reported. 

It is not surprising, therefore, that they in turn are 
constantly watched by psychologists, whose findings 
are read by anxious parents. A book by Grant Noble, 
a specialist in this field, was recently published in 
London and reviewed on BBC World Service. The 
book, called Children in Front of the Small Screen, is 
based on original research carried out with children in 
Britain, Ireland and Canada. 

Central to the author's theme is the idea that televi- 
sion satisfied those needs of children which were met 
long ago by the village community. It was as a 
member of that community that the child saw 
enacted before him the whole pattern of social 
relationships which he was likely to encounter later. 
Through television he can learn, for example, what it 
is like to be a policeman or a butcher, a painter or an 
artisan, and to recognise people he might never 

otherwise have a chance to meet. 
On the thorny problem of television and violence, 

Grant Noble's view is that in nine cases out of ten 
televised violence has no effect on the normal child. 
His studies show that when children watch 
programmes in which violence is shown in a stylised 
way, as in Westerns, they do not subsequently behave 
in an anti -social way. 

"'You're not that grown up!" 
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CIRCUIT CIRCUIT 

RELAY TRIGGER 1 

CIRCUIT 

SUGGESTED 

By G. A. French 

In some electronic devices it is 
desirable to have a very short closure 
of a circuit when a push-button is 
pressed. Typical applications are 
given by the starting of a timer cycle 
and the testing of power supplies hav- 
ing instant short-circuit shut -down. A 
very simple means of obtaining the 
short closure of the circuit is by means 
of a relay, and this offers the advan- 
tage that the contacts which provide 
the closure are completely isolated 
from the circuit which energises the 
relay coil. Incidentally, the technique 
to be discussed in this article plays an 
important part in a more complex 
device on which the author is currently 
working, and which he hopes to 
describe in a future article in the 
"Suggested Circuit" series. 

T 
Relay coil 

Relay o 
contactst 

Fig. 1. The basic relay cir- 
cuit. When the button is 
pressed the relay energises 
momentarily as the 

capacitor charges 

Current 
limiting 
resistor 

Relay 
coil 

Relay 
contacts 4 

(a) 

Discharge 
resistor 

Relay 
coil 

Relay a 
contacts 4 

(b) 

Fig. 2 (a). A development from Fig. 1 which allows the capacitor 
to discharge between operations (b) An alternative capacitor dis- 

charge circuit 

BASIC CIRCUIT 
The basic relay trigger circuit 

appears in Fig. 1. Here, a discharged 
electrolytic capacitor is connected in 
series with a push-button and the coil 
of a relay. The relay contacts, which 
are normally open, couple to the cir- 
cuit requiring the short closure. On 
pressing the button a charging current 
for the capacitor flows through the 
relay coil, causing the relay to energise 
and its contacts to close. If the 
capacitor has a low value it charges 
very quickly, whereupon the voltage 
available for the relay coil falls below 
the release level and the relay de - 
energises. Thus, pressing the button 
causes a very short closing of the relay 
contacts, the period during which they 

remain closed being independent of 
the time the push-button is pressed. 
The series capacitor is shown as an 
electrolytic component because it is 
found in practice that the capacitance 
required is higher than can be 
economically provided by a non - 
polarised capacitor. 

It is necessary to have the capacitor 
discharge after the push-button is 
opened, so that the relay will again 
energise- when the button is pressed. 
One method of discharging the 
capacitor is shown in Fig. 2 (a). 
Here, the push-button is made a 
double -throw component, and has two 
extra contacts which close when 
pressure on the button is removed. The 
capacitor then discharges by way of 
these two contacts and the current 
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limiting resistor. The latter may have 
a value of lOf),and, under the circuit 
conditions to be described, can be a 4 

watt component. 
An alternative means of discharging 

the capacitor is shown in Fig. 2 (b). In 
this circuit the push-button is the 
same as in Fig. 1, and the capacitor 
discharges, when the push-button is 
opened, by way of a parallel resistor 
permanently connected across it. This 
resistor must have a value significant- 
ly higher than that which would allow 
the relay to remain energised with the 
capacitor out of circuit. 

If the current limiting resistor of 
Fig. 2 (a) or the parallel discharge 
resistor of Fig. 2 (b) is given a high 
value which does not permit quick dis- 
charge of the capacitor, relay energis- 
ing after one operation is inhibited un- 
til the capacitor has discharged to the 
level at which a sufficiently high 
voltage is available for the relay coil 
when the push-button is pressed a se- 
cond time. This effect has the result 
that, after the circuit has been 
operated once, it cannot be operated 
again until a pre -determined period of 
time has elapsed. 

The relay type employed is of con- 
siderable importance, and it is 
necessary that it has a light 
mechanical action. An excellent choice 
here is the popular 'Miniature Open 
P.C. Relay' with 41012 coil which is 
available from Doram Electronics 
Ltd. This has a single pole changeover 
contact set, and the armature is in- 
tegral with the moving contact. Also, 
the armature retaining spring imparts 
only a small amount of tension. Relays 
of more common construction, in 
which the armature is L-shaped and 
pivots on a knife-edge or hinge, would 
be much too sluggish for use in the pre- 
sent application. The Doram Elec- 
tronics relay was employed in all the 
tests next to be discussed. 

TEST CIRCUIT 
The relay was initially connected in 

the test circuit shown in Fig. 3 (a). The 
relay contacts were coupled to a 
thyristor gate circuit, which monitored 
their closure. The thyristor, THl, fired 
even when contact closure was virtual- 
ly instantaneous, causing a forward 
reading to be given in the voltmeter 
connected across the thyristor anode 
load. This technique was particularly 
helpful during the later timing ex- 
periments, when it would otherwise 
have been difficult to observe the ac- 
tuation of the relay as well as the se- 
cond hand of a watch. After it had 
fired, the thyristor was returned to the 
non-conductive state by momentarily 
opening the switch Sl. The push- 
button circuit in Fig. 3 (a) is the same 
as that of Fig. 2 (a). The push-button 
is shown as S2, the series electrolytic 
capacitor as Cl and the current 
limiting resistor as R3. 

The first task was to find the 
minimum value required in Cl for 
reliable operation of the relay. Ob- 

viously, the lower the value of Cl the 
shorter the period of closure of the 
relay contacts. Various values were 
checked and the requisite capacitance 
was found to be 20µF. 

The test circuit was then changed to 
that in Fig. 3 (b), in which the 
capacitor has a parallel resistor across 
it, as in Fig. 2 (b). This resistor is now 
shown as R4, and the push-button as 
S3. 

R4 was at first given a value of 
2.242 and it was found that the 
capacitor discharged almost im- 
mediately after the push-button was 
opened, resulting in a performance 
which was virtually the same as that of 
Fig. 3 (a). Higher values were then 

checked. With R4 at 10042 it was 
necessary to wait for 5.5 seconds after 
opening the push-button before the 
relay could be made to operate again. 
As is to be expected, the time delay 
was proportional to the value of the 
resistance. With R4 at 20042 the delay 
was approximately 11 secs., and with 
R4 at 47kfl the delay was between 2.5 
and 3 seconds. These delays would 
also be given with the circuit of Fig. 3 

(a) if R3 were given similarly high 
values. Note that the delay starts after 
the last release of the push-button: if 
the button is pressed during a delay 
period the electrolytic capacitor 
becomes charged and another delay 
period commences. 

THI 

CRSI/05 
(or C 

CRSI/05AF; 

Relay 
contacts 

R1 

470n 
1/4 watt R2 

e470n 
1/4 watt 

A 

'S2 
0 

+ 9V 
I o CI -J- 

Relay LJ coill 

41On 

CRSI /05 
Lead -outs 

(a) 

TH1 

CRSI/O5 
( or 

CRSI/O5AF) 

Relay contacts 
V S3 

R41CI 

Relay I coil 
41On 

9V 

(b) 

Fig. 3 (a). Simple test circuit for finding the value required in the 

capacitor. The thyristor circuit is helpful in monitoring relay con- 

tact operation since the thyristor turns on with even a momentary 

closure of the relay contacts. The voltmeter is a multi-testmeter 

switched to an appropriate volts range (b) The circuit of Fig. 2 (b) 

with thyristor monitor 
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COMPONENT VALUES 
The component values just men- 

tioned were those obtained with the 
particular relay employed by the 
author. There are bound to be 
variances between one relay of the 
type specified and the next, 
whereupon the constructor who wishes 
to use the circuit has to find the value 
required in the electrolytic capacitor 
by experiment. The value required 
will also vary with supply voltage, 
which can lie in the range of 9 to 12 
volts. If delays are to be incorporated 
the value of the discharge resistor is 
also found experimentally. 

The constructor should first decide 
whether he is to use the push-button 
circuit of Fig. 2 (a) or that of Fig. 2 (b). 
The circuit is then wired up without 
the electrolytic capacitor. With the 
Fig. 2 (a) circuit the current limiting 
resistor should be 10íl,) watt; with the 
circuit of Fig. 2 (b) the parallel dis- 
charge resistor should be 2.2kí1 f watt. 

Starting at around 100µF, various 
values of electrolytic capacitor are 
then tried, reducing these until a value 
is reached at which the relay fails to 
energise when the push-button is 
pressed. A capacitance value slightly 
higher is installed. There is no necessi- 
ty for a thyristor monitor circuit with 
this procedure as the operation of the 
relay can be observed visually. If a 
capacitor with too low a value of 
capacitance has been in stock for a 
considerable period it may initially 
cause the relay to energise. Such 
capacitors should be allowed to 
"form" by keeping the push-button 
pressed for several seconds, after 
which their functioning can be more 
accurately assessed. When no delay 
periods are needed, the circuit is then 
set up and is ready for use. 

If delay periods are required either 
the 10íl current limiting resistor or the 
2.2kí1 parallel discharge resistor, as 
applicable, is removed, to be replaced 
by a 100kí1 resistor. The length of the 

discharge period offered by this is then 
found with the aid of a watch having a 
sweep second hand or digital second dis- 
play. 'l'he discharge period is the shortest 
time after the push-button is released 
at which the relay energises when the 
button is pressed again. When this 
period has been found the resistance 
value finally required may be 
calculated and the resistor installed. 
Thus, if the 100kí1 resistor gives a 
delay of four seconds when a delay of 
six seconds is required, the resistor 
finally installed may have a value of 
150kí1. Resistor values greater than 
470k0 are best avoided. The thyristor 
monitor circuit in Figs. 3 (a) and (b) is 
not essential for finding delay periods 
but it will in practice ease the process 
considerably. 

For consistent performance the 
supply voltage for the push-button and 
relay circuit should be reasonably well 
stabilized, and regulation should be no 
worse than, say, plus or minus 0.5 volt 
of the nominal value. 

Tia d(' Nevs . . 

Swinging calculator 
Introduced by West Hyde 

Developments Ltd., Ryefield Cres- 
cent, Northwood, Middlesex, is the 
pocket calculator shown in the accom- 
panying photograph. 

This has a card sliding inside a plastic 
sheath approximately 6fin. long. On 
one side the calculator operates as a 
straightforward slide rule. On the 
other side it has a cursor free to rotate 
about an eyelet at the centre of the 
sheath. The sliding card underneath is 

printed with scales for resistance, 
voltage, current and power. This is 
moved in the sheath and the cursor 
rotated until the cursor centre line is 
over two known quantities. The cor- 
responding two unknown quantities 
may then be read from the appropriate 
scales in the manner of a nomogram. 

West Hyde Developments, Ltd., 
supply a wide range of resistors and 
capacitors, and further details can be 
obtained from their address, as above. 

The West Hyde 
Developments calculator. 

Tubeless video camera 
A new development by RCA is given 

by their TC1155 tubeless video 
camera. This uses a c.c.d. (charge 
coupled device) image sensor instead 
of the traditional vidicon pick-up tube. 
The silicon image radiation sensor uses 
163,840 elements which enable the 
camera to provide sharp clear 
highlights with anti -blooming 
characteristics. Image retention due to 
trace persistence in electron beam 
tubes is thereby eliminated. 

The image sensor incorporates a 

self -scanning technique in which elec- 
tric charges are transferred along the 
surface of the silicon wafer which 
forms the heart of the image sensor. 
Varying intensities of visible or infra- 
red light impinging on the wafer sur- 
face produce proportional changes in 
the charge in discrete silicon elements. 
These changes are digitised and en- 
coded with timing data for transmis- 
sion to the receiver. 

The light -weight (2.51b.) TC1155 
camera takes advantage of the 

reliability and operation benefit of 
solid-state technology and operates 
over a range of -12°C to +50°C. The 
camera is suited to uses such as in- 
dustrial process control or scientific in- 
strumentation where non -contact 
measurement based on precision im- 
age geometry is advantageous. 

Additional information may be ob- 
tained by writing to RCA Electro- 
optics and Devices, Sunbury -on - 
Thames, Middlesex. 
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AUDIO CONTROL 
CIRCUITS - 3 

AUTOMATIC FADER 
By P. R. Arthur 

This concluding article in our 3 -part series describes how the MC3340P 
integrated circuit may be employed in an automatic fader. 

In the preceding two articles of this series, circuits 
have been described which incorporate the Motoroloa 
MC3340P electronic attenuator, these circuits con- 
sisting of a compression amplier, an audio squelch 
unit and a dynamic noise limiter. As was stated in the 
first article of the series, the MC3340P is a new device 
which supersedes the MFC6.040. Both these i.c.'s are 
electrically identical and are different only in the 
number of pins and pin spacing. The pin connections 
for both types were given in the first article. 

We now proceed to the final audio control circuit to 
be dealt with, this being an automatic fader. 

The componets of the automatic fader are 
wired,up on a Veroboard panel 

SEPTEMBER 1976 

Controlled 
input 

Controlled 
amplifier 

Rectifier -4-- Amplifier 

Mixer --o Output 

o 

Control input 

Fig. 14. Block diagram illustrating the opera- 
tion of the automatic fader 

AUTOMATIC FADER 
An automatic fader is a type of 2 -channel audio 

mixer, but it has the additional facility that when a 
signal is fed to the main input the secondary input is 
automatically attenuated or faded out. This type of 
circuit can be employed in the production of elec- 
tronic music, in home movie equipment and at dis- 
cotheques. There are, no doubt, other uses to which it 
may be put. 

Fig. 14 shows the stages of the fader in block 
diagram form. The main, or control, input is fed 
straight to the mixer, whilst the secondary controlled 
input is fed to the mixer via a controlled amplifier 
(the MC3340P). Part of the main input signal is 
amplified, rectified and smoothed, and the d.c. poten- 
tial thus produced is applied as a control voltage to the 
controlled amplifier. The circuit is arranged such that 
the greater the control voltage, the lower the gain of 
the controlled amplifier. Feeding an input signal to 
the main input thus fades out the secondary input. 
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THE CIRCUIT 

As can be seen from the circuit of Fig. 15, only a 
single active device is needed in addition to the 
MC3340P. 

R5 and R6 form a simple passive mixer which com- 
bines the control input and the output from the con- 
trolled amplifier. The controlled input is fed to the in- 
put terminal (pin 1) of the i.c. via C5. R4 sets the gain 
of the device at about unity, and C6 is the roll -off 
capacitor. 

The control input signal is also fed via C2 to the 
base of TR1. TR1 is used as a common emitter 
amplifier with R1 as the collector load resistor and R2 
as the base bias resistor. A pre-set variable resistor, 
R3, is connected in the emitter circuit of TR1 and is 
unbypassed. 

The amplified signal appearing at the collector of 
TR1 is fed to a voltage doubling rectifier and 
smoothing circuit consisting of C3, D2, D1 and Cl. 
The positive bias produced at the positive terminal of 
Cl is then applied to the control terminal (pin 2) of 
the MC3340P. Thus a signal input at the control in- 
put produces a positive bias of proportional value at 
pin 2 of the i.c., and fades out the secondary input ac- 
cordingly. 

The voltage gain of TR1 is controlled by R3, which 
is a simple feedback gain control. Gain is at a max- 
imum when R3 inserts minimum resistance into cir- 
cuit. At this gain level an input signal of only about 
100mV is required to fade out the controlled input to 
about -40dB. At the other end of the range of R3, 
quite a large main input signal provides only a very 
limited level of fading at the other input. R3 can 
therefore be set to give virtually any required fade 
level to the secondary input, provided that the main 
input is at a level of 100mV or more. 

DI 

OA91 C3 

D2 
0A91 

CI 
+011 

TRI 

BCIOBC 

COMPONENTS 

Resistors 
(All fixed values / watt 5 or 10%) 

R1 4.7k s2 R2 2.2M s2 
R3 2.2k sZ skeleton potentiometer, 0.1 watt, 
horizontal mounting (see text) 
R4 6.8k sz 

R5 l0k i2 
R6 l0k 

Capacitors 
Cl 100uF electrolytic, 10 V Wkg. 
C2 ULF electrolytic, 25 V Wkg. 
C3 10uF electrolytic, 16 V Wkg. 
C4 25uF electrolytic, 16 V Wkg. 
C5 10uF electrolytic, 16 V Wkg. 
C6 560pF polystyrene 
C7 10µF electrolytic, 16 V Wkg. 

Semiconductors 
IC1 MC3340P 
TR1 BC108C 
D1 0A91 
D2 0A91 

Switch 
S1 s.p.s.t. toggle 

Miscellaneous 
Veroboard, 0.lin. matrix, 34 holes x 14 strips 
Veropins (as required) 

etc. 

Sl «-- +9-12V 

R5 

Control U input 

Control led 
input 

C5 

R4 

IC1 

B MC3340P 

7 +' 

6 C7 
3 

BIB C6 

717 

BCIOBC 
Lead -outs 

Fig. 15. Full circuit diagram for the automatic fader 

ö)Out. 
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o 
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Control input 

Neg. 
Direction of strips 

Cut strips at : F12,F24,H21,I21,J21,J14 and M26 

Fig. 16. Component side of the Veroboard assembly. (Pins 4 and 5 of the integrated circuit are NC' 
pins.) 

The input impedance at the control input is depen- 
dent upon the setting of R3 and the input impedance 
of the circuit into which the output couples. A low in- 
put impedance would be given if R3 inserted zero 
resistance into circuit, but in practice this resistor will 
probably insert a few ohms at its minimum resistance 
setting: The control signal input impedance may 
therefore be looked upon as ranging between some 
1k 12 to 10k 12 or more. The input impedance at the 
secondary input is of the order of 50k 12. 

The current consumption is approximately 8mA 
from a 9 volt supply and 12mA from a 12 volt supply. 

Another view of the Veroboard assembly 

CONSTRUCTION 

The automatic fader components are assembled on 
a 0.lin. matrix Veroboard panel having 34 holes by 14 
copper strips. Fig. 16 gives full details of this panel. 

First, cut out the panel to the correct size with a 
small hacksaw, then drill out the 6BA clear mounting 
holes. Next cut the copper strips at the points 
specified, using a Vero spot face cutter or a small twist 
drill held in the hand. Then fit and solder the 
components to the panel as illustrated. Note that R3 is 
a pre-set potentiometer having its two track tags spac- 
ed at 0.2in. and its slider tag spaced 0.4in. from the 
track tags. Fit 0.lin. Veropins to the circuit points 
where external connections to the supply, etc., are 
made. 

The panel can be fitted in a small metal case which 
is connected to the negative rail by a solder tag under 
one of the securing nuts. The input and output sockets 
may be phono or coaxial types, or jacks, according to 
preference, and they take up their chassis connection 
by way of the metal case. The leads from the panel to 
their non -earthy contacts need not be screened but 
should be kept reasonably short. If a battery is used 
for the supply this may also be housed in the metal 
case. 

(Concluded) 
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UNIJUNCTION 
SIGNAL INJECTOR 

By N. R. WILSON 

A low cost instrument which offers a 
modulated test signal over all of the 
medium wave band and most of the long 

wave band. 

One of the most useful devices for use as an a.f. os- 
cillator is the unijunction transistor. This requires 
only three resistors and a capacitor to enable it to os- 
cillate at any audio frequency, and it can operate 
without the necessity of bypassing the supply rails. A 
further advantage is that it produces a waveform 
which is rich in harmonics, these extending well over 
2MHz. 

SIGNAL INJECTOR 

A unijunction transistor, TRl, appears in Fig. 1 
and in conjunction with R1, R2, R3 and C4 functions 
as an oscillator running at around 800Hz. Oscillation 
takes place in conventional manner; after on -off 
switch S2 is closed C4 charges by way of R3 until the 

BI 

B2 

2N2646 
Lead -outs 

L1 

111111 

ili 

Si ranges 

I 180 -1,050 metres 
2 950-1,400 metres 
3 1,300-1,700 metres 

B2 

C3 BI 

1 

CIb 

RI 

TR' 

2N2646 

R2 

1 

. 
s2 

On -Off 

C4 

9V y 

Fig. 1. The circuit of the unijunction signal in- 
jector. This produces a modulated r.f. signal 

over the ranges indicated 

COMPONENTS 

Resistors 
(All 4 watt 10%) 

R1 470 
R2 150 0 
R3 22k U 

Capacitors 
Cl 750pF polystyrene or silvered mica (see text) C2 1,500pF polystyrene or silvered mica 
C3 See text 
C4 0.047,uF plastic foil 
VC1(a)(b) 500+500pF variable 

air -spaced, 2- gang. 

Coil 
L1 Home -wound on ferrite rod (see text) 

Transistor 
TRl 2N2646 

Switches 
S1 Single pole 3 -way, rotary 
S2 S.P.S.T., toggle 

Battery 
B1 9 volt battery 

potential on its upper plate reaches triggering level, 
whereupon it discharges abruptly via the emitter and 
base 1 of the transistor into R2. The capacitor then 
charges again by way of R3 until the triggering level is 
once more reached, and so the cycles proceed. 

A series *of abrupt pulses at oscillator frequency is 
present at the base 1 of the transistor. In Fig. 1 these 
are loosely coupled via C3 to the tuned circuit given 
by L1 and VC1(a)(b), together with Cl or C2 when 
range switch S1 is adjusted accordingly. The pulses 
passed via C3 shock -excite the tuned circuit and cause 
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damped oscillations to be produced at its resonant 
frequency. If the coupling provided by C3 is loose enough, 
and if the tuned circuit has a reasonably high Q, the fre- 
quency range over which the damped oscillations 
appear is nearly as sharply defined as occurs with a 
conventional r.f. oscillator having positive feedback. 
Since the damped oscillations are produced by the 
pulses from the unijunction transistor, the r.f. signal 
at the tuned circuit is effectively amplitude 
modulated at unijunction oscillator frequency. 

Ll can be a coil wound on a ferrite rod whereupon a 
further advantage accrues. This is given by the fact 
that the signal produced in the tuned circuit can be 
picked up on a transistor superhet receiver whose 
ferrite rod aerial is held parallel with the rod on which 
Ll is wound and about six inches away from it. 

The purpose of the signal injector is to provide an 
amplitude modulated signal of known frequency which 
can be coupled to a medium and long wave superhet 
without any interconnecting wires. It may then be 
used for tuning and padding adjustments in the 
receiver aerial and oscillator circuits, for frequency 
calibration of a newly constructed receiver, and for 
general receiver servicing work. 

FREQUENCY RANGES 
In order to obtain a wide frequency range, the 

capacitance in the tuned circuit is capable of being 
varied from a low to a relatively very high value. 
When range switch S1 is set to position 1, Ll is tuned 
by VC1(a) and (b) in parallel. VC1(a)(b) is a 2 -gang 
500+500pF air -spaced variable capacitor, offering a 
maximum capacitance of 1,000pF. Variable 2 -gang 
capacitors of this type were commonly used in the 
earlier valve radio receivers, and they are still 
available in several styles from many of the mail 
order houses. They tend to be somewhat more bulky 
in size than the variable capacitors encountered in 
modern transistor receivers. 

With the prototype, the coverage given by 
VC1(a)(b) on its own is 180 to 1,050 metres. When S1 
is set to Range 2, Cl is connected across the 2 -gang 
capacitor, and the range given by adjusting the 
capacitor then becomes 950 to 1,400 metres. Setting 
S1 to position 3 gives a range of 1,300 to 1,700 metres. 
Cl and C2 should be polystyrene or silvered mica 
capacitors. C1 in the prototype is 750pF but this value 
may be a little difficult to obtain from retailers, and if 
necessary the more readily available value of 680pF 
may be employed instead. Should it be found that this 
value does not give an overlap with the low wavelength 
end of Range 3, a further capacitor of around 68pF 
may be connected in parallel. Since Ll is home - 
wound, the actual ranges obtained may vary slightly 
from those shown in Fig. 1, but they should agree in 
general and have a small amount of overlap between 
them. 

Coil Ll consists of 75 turns of 30 s.w.g. enamelled 
wire close -wound at the centre of a ferrite rod having a 
length of Tin. and a diameter of *in. Shorter rods down 
to a length of 5in. may also be employed and these will 
require proportionately more turns. It is a simple 
matter to find the number of turns required with such 
rods. First wind on too many turns (say 90) then 
remove these, as required, until the tuned circuit 
resonates at 200 metres with VC1(a)(b) vanes nearly 
fully out of mesh and S1 at position 1. 

The current consumption of the circuit is only 

1.4mA, and Bl may be a small battery such as the 
Ever Ready PP3. 

CONSTRUCTION 
The circuit can be assembled in any small wooden 

or plastic case with Ll mounted on the outside. The 
rod should be several inches clear of the battery and 
the metal frame of the 2 -gang capacitor. The leads to 
Ll should be kept reasonably short, as these will also 
radiate r.f. energy and it is desired to have as much as 
possible of the radiation given by Ll only. The 2 -gang 
capacitor needs to be fitted with a pointer knob or cur- 
sor and a scale which can be calibrated over the three 
ranges. There is no necessity for a slow motion drive if 
a reasonably large knob is fitted. 

Capacitor C3 is not a physical capacitor but con- 
sists of the capacitance between a short insulated wire 
and the lead of R2 which connects to the base 1 of the 
transistor. The arrangement is shown in Fig. 2. The 
degree of coupling can be varied by moving the wire 
and it should be sufficiently loose to ensure that a 
sharp well-defined signal is given. 

Insulated wire 

To tuned 
circuit 

TRI 

Fig. 2. C3 is given by positioning an insulated 
wire from the tuned circuit against or near to 

the non -earthy lead -out of R2 

After the circuit has been assembled it may be 
checked out with a standard medium and long wave 
superhet. The latter is positioned with its ferrite rod 
parallel with Ll, and VC1(a)(b) is adjusted until the 
modulating tone is picked up. The tone may be heard 
weakly at frequencies other than the resonant fre- 
quency but the presence of the latter will be obvious 
when it is tuned in. The tone tunes in about as sharply 
as a broadcast station on both medium and long 
waves. It is a little weaker on long waves due to the 
high tuning capacitance in the unit. The optimum 
spacing between the receiver ferrite aerial rod and Ll 
will soon become apparent after a little experience. 

The unit is then calibrated in terms of wavelength 
with the aid of a receiver having a reliably calibrated 
tuning scale, checking against stations of known 
wavelength when these appear. There will, of cone, e, 
be a gap in the calibration between about 600 metres 
on the medium wave band and about 1,000 metres on 
the long wave band. 
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The `Ac 

Part 1 

By R. A. Penfold 

Incorporating two integrated circuits and a pre -aligned front- 
end module, this f.m. tuner is far simpler to construct than would 
be one employing discrete components throughout. If desired, 
the stereo decoder section may be omitted or added at a later 
date whereupon the unit can then function as a mono tuner. This 
article discusses the tuner circuit and commences constructional 
details, which will be completed in next month's concluding 

article. 

Not so many years ago it may well have been 
beyond the scope of many constructors to complete a 
stereo f.m. tuner project. This was not necessarily due 
to the complexity of the circuitry involved, but was 
mainly because of the complications incurred in 
aligning the finished tuner. 

The setting up problem can be overcome these days 
by the use of modern circuitry which, although 
originally developed to reduce and simplify the test 
and alignüleht procedure for commercially made 
tuners, also has the effect of enabling the home con- 
structor to carry out a successful alignment even when 
no test equipment is available. 

TUNER STAGES 
Fig. 1 gives a block diagram of the various stages 

which comprise the tuner to be described. The front 
end is based on a ready made module, the Mullard 
LP1186. This is pre -aligned by the manufacturer and 
needs no further adjustment. The module is coupled 
aperiodically to a single transistor i.f. amplifier, which 
is in turn coupled to an integrated circuit i.f. amplifier 
and quadrature detector via a ceramic filter. The only 
conventional L -C tuned circuit used in this combina- 
tion is the quadrature detector coil, and this can be 
given the correct adjustment very simply withóut the 
need for any test equipment. 

The stereo decoder is based on a modern integrated 
circuit employing a phase locked loop (p.1.1.). This 

requires only the adjustment of a single pre-set poten- 
tiometer for alignment, and again no test equipment is 
required for this. All stages are supplied by a stabiliz- 
ed and well smoothed mains power supply unit. 

The tuner has been designed primarily as a 
relatively simple unit and is not quite as sensitive as 

V Ae.75n 

BC238/ADl62 
stabilized 

mains power 
supply 

_L_ 
LPI186 
Varicap 
front end 

Ceramic fZ-Lout 
BC109 filter MC1357P MC1310P410 

Ist I.F. 2nd I.F. amp stereo 
amplifier and detector decoder tut 

Stereo indicator 

Fig. 1. Block diagram illustrating the stages of 
the stereo f.m. tuner. If desired, the stereo 
decoder section may be omitted, whereupon 

the unit can be used as a mono f.m. tuner 
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Lcademy' Stereo 
F.M. Tuner 

some of the more elaborate modern tuners. It does, 
however= have enough sensitivity to provide good 
reception of the ordinary national v.h.f. B.B.C. 
transmissions in most areas, as well as reception of 
B.B.C. and commercial local radio stations where 
these are in operation. 

The use of integrated circuits enables a high quality 
output to be given despite the relative simplicity of 
the overall circuit. The i.f. amplifier -detector i.c. gives 
a typical distortion level of only 0.5% at an i.f. of 
10.7MHz, and the stereo decoder has an even lower 
distortion figure of typically 0.3% at the maximum 
permissable input level. 

The building of the tuner should not prove to be too troublesome provided the constructor has some ex- 

i/,i 

SEPTEMBER 1976 

perience in etching his own printed circuit boards. 
Most of the circuitry is contained on three printed 
boards, one for the power supply, one for the tuner and one for the stereo decoder. 

The unit is housed in an attractive case of the 
"book -ends" type, which is made by slightly modify- ing a ready-made chassis. Switch tuning is employed, 
giving five pre-set tuning positions together with a six- th position which enables variable tuning to be ac- complished by means of a slider potentiometer on the front panel. Frequency coverage is from approximate- 
ly 87 to 104MHz. The output level is about 250mV r.m.s., and should preferably be fed into an im- pedance of about 100k c2 Virtually any stereo amplifier will have at least one suitable input. 

The tuner employed in conjunction with the 
Stereo I.C. Amplifier described in our March 

1976 issue 
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( ( 

R3 R VRI RI R2 4 

Slb 

BC 109 
Lead -outs 

8 

LPI186 
BC109 

BM C5 

Fig. 2. The basic tuner section of the unit. This provides a mono output via C12 and incorporates a 

Mu!lard voltage controlled f.m. module type LP1186 

THE CIRCUIT 
The circuit diagram of the tuner, less the power 

supply and stereo decoder sections, is shown in Fig. 2. 
S1(a)(b) is the tuning switch and selects one of six 

potentiometers, according to its position. VR1 is a 
front panel manual tuning potentiometer, whilst R1 to 
R5 are pre-set tuning potentiometers. R6 forms part 
of the potential divider at all settings of S1 (a)(b), and 
limits the minimum voltage which can be fed to pin 2 
of the LP1186 module. 

This module incorporates variable capacitance 
diodes for tuning and requires only a single tuning 
voltage. The aerial couples to pin 3, and pins 4, 7 and 
8 are the aerial earthy input, i.f. earthy output and 
negative supply connections respectively. These are 
all connected to chassis. Pin 5 is the positive supply 
input, and the basic 11.5 volt supply is reduced to 
about the required level of 8 volts by R13. C3 provides 
decoupling. The tuning voltage must obviously be ex- 
tremely well smoothed in order to ensure that mains 
hum is not introduced by modulation of the local os- 
cillator, and so extra smoothing is provided by R7 and 
C2. 

Pin 1 is the a.f.c. connection to the module. Since 
frequency stability was found to be quite adequate 
without a.f.c this facility has been omitted from the 

resent design and pin 1 connects to the positive supp- 
1 

The i.f. output from the module is coupled via C4 to 
the base of TRl, the first i.f. amplifier. This is con- 
nected in the common emitter mode, and is fed from 
the positive supply via the decoupling components R9 
and C5. The value of R10 is chosen to match the input 
impedance of the ceramic filter, FT1. 

Pin 4 of the Motorola MC1357P i.c. connects to the 
other side of the ceramic filter. This i.c. comprises an 
i.f. amplifier and quadrature detector. R11 completes 
part of the bias circuit of the i.e. and also largely deter- 
mines the input impedance, which matches the output 
impedance of the filter. It is important that the im- 
pedances of the circuits at the input and output of the 
filter provide a good match, as otherwise the shape of 
the i.f. passband will deteriorate. 

C6 to C9 are all decoupling capacitors. There are 
relatively few decoupling capacitors required here 
when compared with discrete component amplifiers. 
This is due to the use of three long-tailed pairs coupl- 
ed via emitter followers to form the i.f. amplifier in- 
side the i.c., these being fed from an internal voltage 
regulator. The long-tailed pairs, at 53dB, provide the 
bulk of the gain of the tuner, although the LP1186 
front-end adds a useful further gain of 30dB. The i.f. 
transistor, TRI, does little more than make up for the 
6dB loss in the ceramic filter. 

Ll, C11 and R12 are in the tuning circuit for the 
quadrature detector. The capacitor shown connected 
across Ll is an integral part of the ready-made coil 
unit. The output of the quadrature detector connects 
to pin 1 of the i.c. via an internal emitter follower. C12 
provides d.c. blocking at the output. 

C10 is the de -emphasis capacitor, as is required for 
mono reception, and is connected between the output 
of the quadrature detector and chassis. It has the 
effect of reducing the treble content of the audio out- 
put signal. This is necessary because the signal is 
given a degree of pre -emphasis (treble boost) at the 
transmitter, and a compensatory reduction in the tre- 
ble response is required in the receiver. The overall 
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COMPONENTS 

Resistors 
(All fixed values ; watt 5%) 

R1 -R5 100k pre-set potentiometer, horizontal 
skeleton, standard size 
R6 15kû 
R7 270 û 
R8 220k 
R9 100 û 
R10 33Oû 
R11 390 û 
R12 3.91( û 
R13 680 
R14 4.7kû 
VR1 100k potentiometer, linear, slider (see text) 

Capacitors 
CI 0.1,uF type C280 (Mallard) 
C2 10uF electrolytic, 16 V Wkg. 
C3 50uF electrolytic 16 V Wkg. 
C4 0.01,uF type C280 (Mullard) 
C5 0.022uF plastic foil 
C6 0.022uF plastic foil 
C7 0.1,uF plastic foil 
C8 0.1,uF plastic foil 
C9 0.1,uF plastic foil 
C10 5,600pF polystyrene (see text) 
C11 4.7pF silvered mica or ceramic 
C12 10,uF electrolytic, 16 V Wkg. 
C13 100,uF electrolytic, 16 V Wkg. 
C14 220uF electrolytic, 16 V Wkg. 
C15 1,500uF or 1,600)2F electrolytic, 30 V Wkg. 

Inductors 
L1 Coil assembly type KACS K586 HM (see text) Ti Mains transformer, miniature, secondary 9-0- 
9 V at 100mA (see text) 

Semiconductors 
ICI MC1357P 
TRI BC109 
TR2 BC238 
TR3 AD162 (with insulating kit) 
D1 -D4 1N4001 
D5 BZY88C12 V 

Module 
Voltage controlled f.m. tuner module type LP1186 
(Mullard) 

Filter 
FT1 Ceramic filter type CFSA 10.7. no colour (see 
text) 

Switches 
S1 (a) (b) 2 -pole 6 -way rotary 
S2 (a) (b) D.P.S.T. toggle 

Miscellaneous 
Control knob 
Coaxial socket 
3 -way DIN socket 
Mains lead 
16 s.w.g. aluminium chassis with base plate, 9 x 7 x 
tin. (see text) 
Chipboard (see text) 
Materials for printed boards 
Nuts, bolts, etc. 

effect of pre -emphasis and de -emphasis is to give a 
small but worthwhile improvement in the signal-to- 
noise ratio of the received signal. 

It is important to note that C10 is only needed for 
mono reception. The tuner can easily be built as a 
mono unit by simply omitting the stereo decoder, con- 
necting the output from C12 to the output socket, and 
including C10 on the printed circuit board. When the 
stereo decoder is included C10 must be omitted, as 
stereo reception will otherwise not be possible. With 
the stereo decoder, de -emphasis is provided at the 
decoder outputs. 

POWER SUPPLY SECTION 
Since any changes in the supply voltage will alter 

the frequency to which the unit is tuned, it is absolute- 
ly essential that a well stabilized power supply be 
employed. The circuit of the power supply section is 
shown in Fig. 3. 

The output from the secondary of T1 is fed to a 
bridge rectifier consisting of Dl to D4. Tl is a 
transformer having a 9-0-9 volt secondary with the 0 
volt centre -tap ignored. The output from the bridge 
rectifier is smoothed by C15. 

A stabilized potential of 12 volts is provided by the 
simple shunt regulator formed by R14 and zener 
diode D5. C13 smooths out any mains hum or noise 
present across D5. 

TR2 and TR3 are wired as common emitter 
amplifiers, with a 100% negative feedback loop 
between the collector of TR3 and the emitter of TR2. 
This combination gives a voltage gain of almost exact- 
ly unity. Therefore the voltage at the collector of TR3 
is virtually fixed relative to that at the base of TR2. 
About 0.5 volt is dropped between the base and 
emitter of TR2, and so the output stabilizes at about 
11.5 volts. 

Since the combined current gain of TR2 and TR3 is 
very high a low output impedance is achieved, and the 
supply is easily able to handle the necessary output 
current of about 35 to 40mA. C14 provides final 
smoothing of the supply, and S2 is the on -off switch. 

A.C. 
mains 

s2a 

S2b 

e o8oc 

- BC238 
Lead -outs 

T 
9V 

9V 

o 

b 

D1-04 
1N4001 

AD162 

Lead -outs 

I -tg. 3. The power supply section. This gives a 
well stabilized output voltage, thereby ensuring 
that there are no shifts in tuning due to supply 

voltage changes 
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, 

Mounted on the rear panel are the aerial and 
output sockets, together with the power tran- 
sistor incorporated in the stabilized mains 

power supply 

The circuit of Fig. 3 gives an extremely well 
smoothed and stabilised output, and quite large 
variations in the output load current and mains input 
voltage have no significant effect on the output 
voltage. This assumes, of course, that D5 is a good - 
quality component. 

COMPONENTS 
Some notes on the components so far encountered 

will be helpful. The MC1357P integrated circuit is 
listed by Chromasonic Electronics, 56 Fortis Green 
Road, Muswell Hill, London, N10 3HN. The coil 
assembly specified for Ll is available from Ambit 

25 High Street, Brentwood, Essex, 
CM14 4RH, as also is the ceramic i.f. filter type CFSA 
10.7. These filters have five frequency groupings 
around 10.7MHz identified by a colour code, and 
filters centred oq 10.7MHz are identified by no 
colour. A filter of this type is to be preferred. R1 to R5 
are standard sized horizontal skeleton pre-set poten- 
tiometers, and not miniature types. 

The mains transformer must be a miniature type, 
and the component employed in the prototype was ob- 
tained from M. Dziubas, 158 Bradshawgate, Bolton, 
BL2 1BA. The slider potentiometer has an overall 
length of 87mm. and can be obtained from several 
suppliers including Electrovalue Ltd., 28 St. Judes 
Road, Englefield Green, Egham, Surrey, TW20 OHB. 
Its knob has to be ordered separately. 

THE CASE 
A 16 s.w.g. aluminium chassis measuring 9 by 7 by 

2in. and fitted with a baseplate forms the basis of the 
case. This can be obtained from H. L. Smith and Co. 
Ltd., 287 Edgware Road, London W2. The baseplate 
forms the lid of the unit and, when this is completed, 
may be secured in place with small self -tapping 
screws. 

The drilling details for the case are shown in Fig. 4, 
where the front and rear panels and the two sides are 
shown flat for ease of presentation. 

The cut-out for VR1 can be made by first drilling a 
*in. diameter hole, and then using a miniature round 
file to lengthen this to the dimensions shown. A 
miniature flat file can finally be used to square up the 
ends of the cut-out, and to remove any irregularities 

which may be evident. The easiest method of moun- 
ting VR1 is to glue it in position with an epoxy 
adhesive. Great care must be taken to ensure that no 
adhesive gets onto the track. The component must be 
aligned accurately behind its cut-out. 

The hole for D6 will take a panel mounting light - 
emitting diode functioning as a stereo beacon with the 
stereo decoder. D6 can be any 1.e.d. offering a 
reasonably bright light at a forward current of around 
10mA, and a relatively large l.e.d. will give a good 
appearance to the front panel. If the unit is to be con- 
structed as a mono tuner, the l.e.d. may be powered 
from the 11.5 volt supply via a 1k i2 resistor and 
employed as an on -off indicator. 

The aerial and output sockets are mounted on the 
rear panel, the former being a standard coaxial socket 
and the latter a 3 -way DIN socket. There is also a hole 
which takes a +in. grommet for the mains lead. 
Further required are four holes for TR3, the body of 
which is on the outside of the chassis. TR3 is insulated 
from the chassis by means of the usual mica washer 
and insulating bushes, and the washer may be used as 
a template for marking out the holes required. The 
holes must be free of burrs and, when the transistor is 
mounted, a solder tag inside the chassis under the up- 
per securing nut provides the collector connection. A 
continuity tester or ohmmeter is employed to make 
quite certain that the transistor is fully insulated from 
the chassis. 

I 1/2*---- 11/2` 

9` 

1' 1/2 diate 

Mains 
input 

5 /4` 

ò_ o 

POWER 
SUPPLY 
BOARD 

ò o 

3/84diia 
6BA dia 

TR3-e U 
Aerial Output 

TUNER.". 

BOARD 

2'-41 4/2'. 

2- 

i 

I5/16" -11/4i 7/e'.r 15/8e.i 

Dia. to suit switch Cut-out 25/8"x 1/8` 

VR1 s2 D6 /8'dia 

' S1 

Fig. 4. Drilling details for the tuner chassis. The 
sides, and the front and rear panels are shown 
opened out to simplify presentation. Also il 
lustrated are the positions taken up by the 

three printed circuit boards 

100 RADIO & ELECTRONICS CONSTRUCTOR 

www.americanradiohistory.com



The tuner circuitry is carried on three separate 
printed circuit boards 

The mounting holes on the chassis bottom for the 
printed circuit boards can be marked out with the aid 
of the boards themselves after they have been made 
up. Their positions and outside dimensions are shown 
in Fig. 4. 

Two pieces of chipboard, each measuring 2i by 7i - 
by iin. are glued to the ends of the chassis to give a 
case having a "book -ends" appearance. The chip- 
board is first covered with a self-adhesive material, 
such as Fablon or Contact, over its surface apart from 
most of the inside area which will be against the 
aluminium. Material having a woodgrain pattern 
offers what is probably the most attractive finish. The 
two pieces of chipboard are then glued to the ends of 
the chassis by means of epoxy resin applied to the un- 
covered sections of the chipboard. 

A further look at the front panel of the tuner, 
showing its neat and simple finish 

NEXT MONTH 
In next month's concluding article constructional 

details will be given for the power supply and tuner 
printed boards, after which the stereo decoder circuit 
and its assembly will be described. The accom- 
panying Components List specifies the parts required 
for the power supply and tuner sections. A further 
Components List for the decoder section will appear 
in Part 2. 

(To be concluded) 

on sale 1st October 

RADIOiiILICTRONICS 
CONSTRUCTOR 

SPECIAL FEATURE 
IN 

OCTOBER ISSUE 

*** 
REGENERATIVE SHORT 

WAVE SUPERHET, Part 1 (2 parts) 

Covering 1.6 to 25MHz, or 190 to 12 metres, this 
battery operated superhet will function both with a 
speaker or headphones. The coils and mixer transistor 
are wired up in a compact coil pack module, and an at- 
tractive feature is the provision of adjustable 
regeneration at the detector. Constructional details 
will be completed in the concluding article in the 
November issue. 

* * * 
Many other articles 

35p 
Copies may also be obtained direct from the 
Publishers, 46p including postage. Published by 
Data Publications Ltd., 57 Merida Vale, London 
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THE NOR GATE 
by C. F. Edwards 

A swift sojourn with a neglected member of the 
t.t.l. family. 

For some reason, NOR gates do not appear to have 
the popularity that is enjoyed by NAND gates and the 
more complex t.t.l. (transistor -transistor logic) i.c.'s 
which are so readily available these days. Perhaps 
this is because they don't fit so readily into quickly 
designed logic systems. In consequence, it will do no 
harm to briefly examine a commonly encountered 

Vcc + 

14 

4Y 46 4A 

13 12 

NOR gate, such as that which is incorporated in the 
SN7402 integrated circuit. 

SN7402 GATE 
The SN7402 has the internal circuitry shown in 

block form in Fig. 1, and it contains four 2 -input NOR 

3Y 3B 3A 

10 9 B 

cc -4-1 

i 

IY 

2 

IA IB 

Inputs - A,B Outputs -Y 

4 5 7 

2Y 2A 2B GND. 

SN 7402 
TOP VIEW 

Fig. 1. Block diagram illustrating pin allocation and internal functions of the SN7402. As is common with 
integrated circuit pin layout diagrams, the pins point away from the reader 
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INPUT CHANGE 
Inputs 

Inputs 

OR 

NOR 

Output 

Output 

Fig. 2. Adding a circle at the output of en OR 
gate symbol changes it to a NOR gate symbol 

gates. The gates are shown as OR gates (in which the input lines pass to a curved concave outline) having a circle at the output to indicate inversion. See Fig. 2. With t.t.l. positive logic, in which 1 is represented by a high positive voltage with respect to ground or earth and 0 by a low_positive volta_ge, an OR gate will give an output 1 when any one or more of its inputs is rais- ed from 0 to 1. With a NOR gate the output is in- verted. The NOR gate output falls from 1 to 0 when any one or more of its inputs rises from 0 to 1. Fig. 3 shows the truth table for a 2 -input NOR gate. The input columns are headed A and B and the out- put column is headed Y. When both the inputs are at 
0, as occurs in the first line, the output is at 1. As is shown in the second, third and fourth lines, the output falls to 0 when A is 1, when B is 1 and when both A and B are 1. 

The circuit of one of the SN7402 NOR gates appears in Fig. 4. If both inputs A and B are at 0 they are only slightly positive of ground potential, and transistors TR1 and TR4 are turned hard on. Resistors R1 and R3 allow the bases of TR1 and TR4 to be about 0.6 volt positive of the emitters. The collectors of the two transistors will be just slightly positive of the emitters. 
These collectors, with their low voltages, connect to the bases of TR2 and TR3, causing these two tran- sistors to be cut off. No current flows in the base - emitter junction of TR6, and this transistor is also cut off. 
TR2 and TR3 similarly draw no current through R2, whereupon all the current in this resistor flows to the base of TR5, which turns on. The voltage at its emitter and, hence, that at the gate output is high, representing 1. 

A B Y 

O 

I 

O 

I 

O 

O 

I 

I 

I 

O 

O 

O 

Fig. 3. Truth table for a 2 -input NOR gate 

If input A goes up to 1, the emitter of TR1 is taken 
positive of its base and it cuts off. A current now flows 
through R1 and the forward biased base -collector 
junction of TR1 to the base of TR2, turning TR2 on. 
The emitter current of TR2 flows into the base - 
emitter junction of TR6 whereupon this transistor 
also turns on. At the same time, the collector of TR2 
falls to a voltage which is only slightly positive of its 
emitter and consequently takes the base of TR5 
negative. Thus the output goes low, representing 0. 

Transistor TR3 takes no part in this process 
because it remains cut off. 

If it had been input B instead of input A which 
changed from 0 to 1 the same process would have oc- 
curred, with TR4 and TR3 performing the same func- 
tions as TR1 and TR2 respectively. If both inputs, rise 
to 1 the output again falls to 0, as TR2 and TR3 mere- 
ly duplicate each other's function. 

Fig. 4. The internal circuit of one of the 7402 
NOR gates. The resistor values shown are 

nominal 

The purpose of diode D1 is to ensure that TR5 is 
fully cut off when TR6 is hard on. Under this condi- 
tion, the collector of TR6 is about 0.2 to 0.3 volt 
positive of its emitter. TR5 can then only pass current 
if the voltage at its base is about 1.2 volts positive of 
TR6 collector, the 1.2 volts being made up of an 0.6 
volt drop in D1 and a further 0.6 volt drop in the base - 
emitter junction of TR5. The voltage delay given by 
D1 takes up the border -line case, which can occur 
during transition from one state to the other, where 
TR2 (or TR3) is not turned fully on and its emitter - 
collector voltage approaches some 0.8 to 0.9 volt. 
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SNORT WAVE NEWS 
FOR DX LISTENERS 

By Frank A. Baldwin 

Times = GMT 

Scanning the higher frequency bands recently we 
noted a few stations of interest to the S. W. Listener. 
The Holy Qur'an Station at Riyad, Saudi Arabia on 
15245 at 2000 signing -off with the National Anthem 
after readings from the Qur'an (westernised incorrect- 
ly as Koran) and station identification in Arabic. The 
schedule of this programme, which consists entirely of 
readings from the Holy Qur'an is from 1700 to 2000. 

Another Arabic transmitter is that of Radio 
Kuwait, which was logged at 2010 on 9715 when 
radiating the Domestic Service on this channel, the 
schedule being from 1830 to 2215. 

A further Arabic station, Radio Baghdad, was logg- 
ed at 1803 on 9745 with a talk in Arabic in the "Voice 
of the Masses" programme directed to Arab ex- 
patriates in Europe, the programme schedule being 
from 1500 to 1930. 

Also for S. W. Listeners, we noted Jerusalem at 
2025 on 15100, OM with identification and an- 
nouncements at the end of the English programme; 
Radio Grenada at 2032 with cricket commentary in 
English on 15105, and W1NB Red Lion, U.S.A., at 
2035 on 15185, religious programme in English after 
identification. 

For the Dxer, the item of possible interest this 
month is Voz del Caqueta, Colombia, at 0445 on 
5035. Local music and songs then the identification 
with three chimes followed by chord on Hawaiian 
guitar both before and after identification which, in- 
cidentally, has an added echo -effect. Sign -off after 
trumpet fanfare at 0457 without National Anthem. 

In very general terms, the Dxer tends to operate 
from 6000 down to 2200 kHz although often resor- 
ting to the HF bands in search of Dx stations. The SW 
Listener mostly uses bands from 6000 kHz upwards to 
21750 or so, hence the division of schedules listed un- 
der China - see Current Schedules. 

CURRENT SCHEDULES 
Readers are reminded that all short wave 

schedules are liable to be altered at short notice, those 
published here are correct at the time of writing. 

U.S.S.R. 
From the regional centre of Kiev, "Radio Kiev" 

operates an External Service in English to Europe 
from 1930 to 2000 on 7205, 7390 and on 11890. The 
service is transmitted via the technical facilities of 
Radio Moscow. 

"Radio Vilnius" presents a programme in English 
on Saturdays and Sundays directed to North America 
and Europe from 2230 to 2300 on 9655, 9720 and on 
11900. This service is also transmitted by the 
technical facilities of Radio Moscow. 

Dxers may be interested in listening for the 
"Pacific Ocean Radio Station", Vladivostock which, 
according to the BBC Monitoring Service, operates 

Frequencies = kHz 

from 0700 to 0800 in Russian to the Pacific and North 
America on Sundays, Wednesdays, Fridays and on 
Saturdays and daily to the Far East, Middle East and 
South Asia on 5015, 9520, 9600, 9645, 9770, 
9810, 11740, 15100, 15130, 15190, 17745, 
17765, 17805 and 17835. The above transmission 
is relayed by Magadan on 4030, 5940 and 12240, 
Petropavlovsk -Kamchatka on 4485, Yuzhno- 
Sakhalinsk on 4050 and by Kharbarovsk on 7210. 
From 1430 to 1530 in Russian to the Pacific and the 
Middle East on, Sundays, Wednesdays, Fridays and 
Saturdays and daily to the Far East and South Asia 
on 7245, 7290, 9590, 9690, 9735, 11795, 11820, 
11835 and on 12010. From 1900 to 2000 in Russian 
to the Pacific and North America on Sundays, 
Wednesdays and Fridays, to the Far East and South 
Asia on Saturdays on 5015, 6060, 6150, 6200, 
7100, 7160, 7170, 7280, 7295, 7315, 9710, 9735 
and on 12010. 

"Radio Tashkent" has an External Service in 
English for South Asia from 1200 to 1230 and from 
1400 to 1430 on 11730, 11925, 15115 and on 
15460. 

CZECHOSLAVAKIA 
"Radio Prague" radiates an External Service in 

English for Africa, South East Asia and Europe from 
1530 to 1630 on 6055, 7345, 9605, 11990, 15110, 
17840 and on 21670. To the U.K. and Eire from 
1630 to 1700 on 5930 and 7345; from 1900 to 1930 
on 5930, 7245 and on 7345; from 2000 to 2030 on 
5930 and 7345 and from 2130 to 2200 on 5930, 
7345, 9540, 11990 and 17840. "Radio Prague" 
also operates an "Inter -Programme" to Europe in 
English as follows - from 0745 to 0800, 0845 to 0900 
0945 to 1000, 1045 to 1100, 1145 to 1200 on 6055 and 
on 9505, transmissions consisting of either a news 
bulletin or a commentary or a short feature 
programme. 

CUBA 
"Radio Havana" offers an English programme 

directed to Europe from 2010 to 2140 on 17885. 

SPAIN 
"Radiotelevision Espanola", Madrid, has an Ex- 

ternal Service in which is featured an English 
transmission to Europe from 2130 to 2230 (not Sun- 
days) on 6075 and on 9505. 

CHINA (FOR S.W. LISTENERS) 
"Radio Peking" schedules English programmes to 

Europe from 2030 to 2130 on 6590, 6860, 7590, 
9030 and on 9880; from 2130 to 2230 on 5090, 
6590, 6860, 9030 and on 9840. 

The Domestic Service (First Programme) in Stan- 
dard Chinese can be heard on 7935 from 1518 to 
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1735, 2000 to 2300; 10245 from 1100 to 1230, 2202 to 
0100; 12120 from 2300 to 0800 (except Wednesdays 
and Fridays when 0500 to 0800); 12420 from 0829 to 
1735, 2203 to 0415; 15230 from 2338 to 1130; 15550 
from 0103 to 1040; 15590 from 2303 to 1515 and on 17605 from 0418 to 0828. 

The Domestic Service (Second Programme) in 
Standard Chinese may be logged on 7770 from 1203 
to 1600, 2100 to 2330; 9670 from 0700 to 1200; 9745 
from 0700 to 1428; 11040 from 2333 to 1400 (on 
Tuesdays 0600 to 0800 only); 11505 from 2333 to 
1200 (on Tuesdays 0600 to 0900 only); 12200 from 
0003 to 1100 and on 15030 from 2300 to 0800. 

"Radio Peking" also operates an External Service 
in Standard Chinese, Amoy and Hakka directed to 
Taiwan as follows - on 9170 and 11100 from 0830 
to 1900 and from 2000 to 0610 (Sundays to 0655); on 15710 from 0830 to 1429 and from 2316 to 0610; on 15880 from 0830 to 1225 and from 0016 to 0610. This 
service (to Taiwan) is also relayed by the PLA Fukien 
Front Station from 1200 to 1215, 2100 to 2130 and 
from 0400 to 0415 (also see below). 

CHINA (FOR THE DXER) 
The Domestic Service (First Programme) in Stan- 

dard Chinese on 3450 from 1233 to 1735, 2000 to 
2200; 4460 from 1133 to 1735, 2000 to 2335; 4800 
from 1100 to 1735, 2000 to 0100; 4905 from 2000 to 
2200; 5320 from 1043 to 1735, 2000 to 0100; 5860 
from 100 to 1735, 2000 to 0100 and on 6665 from 
1100 to 1735 and 2000 to 0100. 

The Second Programme in Standard Chinese may 
be located on 4250 from 1333 to 1500, 2100 to 2240; 
4850 from 1403 to 1600, 2100 to 2400; 5075 from 
1103 to 1600, 2100 to 2400; 5163 from 1203 to 1600, 
2100 to 2400; 6345 1403 to 1600, 2100 to 2330 and on 
7190 from 2243 to 1330. 

To Taiwan in Standard Chinese, Amoy and Hakka 
("Radio Peking") on 5125 from 1430 to 1900, 2000 to 
2315 and on 6890 from 1226 to 1900 and from 2000 to 
0015. 

The PLA (People's Liberation Army) Fukien Front 
Station operates its own schedule in Standard Chinese 
and Amoy in addition to the relays shown above. 
Transmissions may be tuned in on the following 
channels - 2490 from 1000 to 0025; 3000 from 1201 
to 2400; 3535 from 1413 to 2241; 3640 from 1415 to 
2241; 4045 from 1000 to 0530; 4330 from 1000 to 
0144; 5240 from 1000 to 1412, 2242 to 0530; 5265 
from 1000 to 1414, 2242 to 0530; 5900 from 1000 to 
1200, 0001 to 0530; 6765 from 0026 to 0530 and on 7850 from 0145 to 0530. 

CHINA (FOR ALL LISTENERS) 
"Radio Peking" operates an extensive round-the- 

clock service. in Russian, a convenient time. to log 
these would be from 2130 to 2225 on 6545, 6645, 6900, 6930, 6990, 7035, 9340, 9370, 9390, 9440 
and on 9696. However, a word of warning, to avoid 
interference some channels may vary by as much as 
10kHz. Or why not listen to a reversed tape transmis- 
sion on 5220 and 8260 which may be logged from 
0900 to 0955, or even a reversed tape single-sideband 
signal on 6550 from 1830 to 1925! (All this informa- 
tion according to the BBC Monitoring Service). 

BANGLADESH 
"Radio Bangladesh", Dacca, transmits an Exter- 

nal Service in English to Europe from 1230 to 1300 on 15270; from 1815 to 1915 on 9550 and 11970. 

PAKISTAN 
"Radio Pakistan", Karachi, features a newscast in 

English at slow speed directed to Europe from 1100 to 
1155 on 15110 and 17665 and transmissions in the 
World Service directed to the U.K. as follows - in 
Urdu from 0830 to 1100 on 15110 and on 17665; 
from 1915 to 2145 on 9445 and 11672 (1915 to 2045 
in Urdu; 2045 to 2100 in Sylheti; 2100 to 2145 in 
English). 

GERMANY (EAST) 
"Radio Berlin International" schedules a service in 

English to Europe from 1830 to 1915 on 6080, 6115, 7185, 7300 and on 9730; from 2115 to 2200 on 7260. 
PORTUGAL 
"Radiodifusao Portuguesa", Lisbon, currently lists 

a broadcast in English to Europe from 2030 to 2100 on 6025 and on 9740. 
CLANDESTINE 
"Voice of the Malayan Revolution", in Malay "Ini- 

lah Suara Revolusi Malaya", is a pro -communist 
transmitter attacking the governments of both 
Malaysia and Singapore and is thought to be located 
near Changsha in Hunan Province of China. The 
schedule commences at 0430 and ends at 0005 in 
various time -periods throughout the day, probably 
the best chances of logging this one would be from 
2200 to 2245 in Malay, 2245 to 2320 in Standard 
Chinese and from 2330 to 0005 in Tamil on 7305 and 
on 15790, at which times this month the short signal 
path will be mostly in darkness. Transmissions in 
English are made from 0930 to 1015 and from 1450 to 
1530 on 11830 and on 15790, the latter period being 
best for U.K. reception. 

"Voice of the People of Thailand", in Thai "Thi Ni 
Sathani Vithayu Sieng Prachachon Heang Prathet 
Thai", is controlled by the Communist Party of 
Thailand and the transmitters are thought to be 
located in the Kunming area of Yunnan Province in 
China. The transmissions are in Thai, Laotian and 
White Meo and may be located on 6033 and on 
9423. Try for the 1530 to 1610 or the 2300 to 2340 
transmissions in Thai. 

"Voice of the People of Burma", in Burmese 
"Myama-pye Pey-thu Ah -than" in Chinese "Mien - 
tien Jen-min Chih Sheng Kuang-po Tien -tai", is pro - 
Burmese Communist Party and is thought to be 
located on, or very near, the Burma/ China border. 
The frequency is 5110 and the transmissions are as 
follows - from 0030 to 0130 in Burmese (Tuesdays, 
Thursdays, Fridays, Sundays), Standard Chinese 
(Saturdays), Shan (Wednesdays), Jingpaw (Mon- 
days); from 1200 to 1300 in Burmese (Tuesdays, 
Thursdays, Fridays, Saturdays), Standard Chinese 
(Saturdays), Shan (Wednesdays) and Jingpaw (Mon- 
days). All according to the BBC Monitoring Service. 

AROUND THE DIAL 
INDIA 
Air Delhi on 3365 at 1730, local music, OM in ver- 

nacular then suddenly off without National Anthem. 
COLOMBIA 
Ecos del Atrato, Quibdo, on 5020 at 0335, YL with 

songs in Spanish, local music under some commercial 
interference. The schedule of this one is reportedly 
from 0100 to 0515 variable - as is the frequency, it 
can be sometimes be logged on, or near, 5016! 

SEPTEMBER 1976 105 

www.americanradiohistory.com



-BAND 

SHORT WAVE RADIO 
Part 2 By A. P. Roberts 

In the article which appeared last month the circuit and construction of 

this t.r.f. design were described. Notes on operation are given in this con- 

cluding article, together with details of the a.f. output stage which enables 
the receiver to drive a loudspeaker. 

In last month's issue a description was given of the 
circuit and construction of this receiver with the ex- 
ception of the optional a.f. output stage. The latter is 
covered in the present concluding article, but details 
will be given first of the aerial and earth required, and 
of receiver operation. 

AERIAL AND EARTH 
The receiver is intended for use with an external 

long wire aerial. As it has good sensitivity, a short in- 
door aerial will provide reception of a large number of 
transmissions, including many quite distant ones. 
However, for best results a long outdoor aerial is re- 
quired. This should preferably be about 20 metres or 
more long and set up as high as possible. It will be 
more efficient if it is positioned well clear of any 
buildings or similar obstructions. It should be in- 
sulated from its supports and from anything else with 
which it comes into physical contact. 

An earth connection is not essential, and is only 
likely to add significantly to signal strength when the 
Range 3 coil is in use. An earth merely consists of a 
metal plate or pipe buried in moist soil, this being con- 
nected to the receiver by way of a wire which should 
be as short as is reasonably possible. In general, the 
larger the surface area of the metal plate or pipe the 
more efficient the earth will be. 

In the receiver circuit (published last month) the 
aerial has a d.c. coupling to the gate of TR1, the r.f. 
amplifier, by way of the r.f. gain control VR1. Unless 
suitable precautions are taken a very long wire aerial 
is capable of picking up a static voltage under certain 
conditions, but the relatively low resistance to earth 
offered by VR1 should be more than adequate to dis- 
charge any static voltages which might appear when 
the receiver is used in the U.K. If the receiver is 
employed overseas with a long aerial in areas where 
static may be produced, an isolating plastic foil 
capacitor of 0.01µF may be inserted between socket 

SK1 and the slider of VR1, and a 22kû watt resistor 
connected between SK1 and SK2. Under these con- 
ditions an earth connection must be provided. 

USING THE RECEIVER 
A little practice will probably need to be gained 

with the receiver before optimum results are obtained. 
S1 is an ordinary on -off switch, The aerial connects 

to SKI, the earth (if used) to SK2, and the 
headphones to SK3. It is best to use the Range 4 coil 
when initially testing the receiver, as this will provide a 
large number of very strong signals. 

Start with VR1 fully advanced, VR2 about two- 
thirds advanced, and VC3 at minimum capacitance. 
As supplied, the cores of the coils are fully screwed 
into the formers. The core of each coil should be un- 
screwed so that about lOmm. of the brass thread 
protrudes from the top of the former. 

VC1 is used to search the band for signals, fine tun- 
ing being carried out by VC2. If a whistle of varying 
pitch is heard as the receiver is tuned across a station, 
this means that too much regeneration is being 
applied and VR2 should be backed off slightly. The 
set is most sensitive when the regeneration is adjusted 
to just below the point at which the circuit breaks into 
oscillation (causing the characteristic whistle in the 
headphones)'. 

It will usually be necessary to advance the 
regeneration control VC3 (i.e. increase its 
capacitance) in order to bring the receiver to just 
below the threshold of oscillation. For best results 
VR2 should always be well advanced, with VC3 ad- 
vanced as far as is necessary to produce an output of 
good volume. If the set oscillates even with VC3 at 
minimum capacitance, then VR2 is backed off a little 
to bring the circuit just below the point of oscillation. 

S.S.B. (single sideband) and c.w. (morse) signals 
are the main modes of transmission in use on the 
amateur bands, and these can be resolved by adjusting 
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the circuit so that it is just beyond oscillation point 
and, for s.s.b., adjusting VC2 to produce an intelligi- 
ble output. Strong s.s.b. signals may overload the 
detector, resulting in a very distorted audio signal. 
Advancing VC3 further, or backing off VR1, should 
prevent this. For c.w. signals, VC2 is adjusted for a 
tone of the required frequency. 

Very strong a.m. signals may also overload the 
detector. The effect given is a high level of background 
noise accompanied by several stations which cannot 
be tuned out and which occupy an excessively large 
part of the band. For correct reception under these 
circumstances it is necessary for VR1 to be turned 
back slightly. 

OUTPUT STAGE 
The optional a.f. output stage is added if it is re- 

quired that the receiver drive a loudspeaker. The cir- 
cuit of the stage is given in Fig. 7, and it provides an 
output of up to about 200mW into a 25 Q speaker. 
Speakers with impedances below 25ûmust not be us- 
ed, but it is in order to employ speakers with higher 
impedances. However, these will cause the maximum 
available output power to be reduced. The speaker is 
installed in its own case, external to the receiver. 

The circuit of Fig. 7 is fairly conventional, and com- 
prises a common emitter Darlington pair (TR5 and 
TR6) driving two complementary emitter follower 
output transistors (TR7 and TR8). R13 provides the 
usual base bias for the output transistors, the bias 
voltage being a little lower than would normally be 
employed. This does not result in any noticeable 
crossover distortion as a high level of negative feed- 
back is provided over the amplifier as a whole. The se- 
cond a.f. amplifier in the receiver, TR4, provides 
quite a high level of drive, and so the output stage is 
called upon to offer only a very low voltage gain. The 
prototype uses the high gain BC109C for TR5 and 
TR6. Standard BC109's could alternatively be used, 
but there might be a slight loss of performance with 
these. 

C13 and C14 have values which prevent problems 
with low frequency instability. C12 is the output d.c. 

RII 
Input from TR4 
collector via+ 

C14 

R12 

+9V 

R13 

RIO TR5 TR6 TR8 
BC109C BC109C 0081 

BC109C 

Lead -outs 

b 

AC127 

Lead -outs 

TR7 
AC127 

óó ódot 

OC81 

Lead -outs 

Fig. 7. The circuit of the a.f. output stage 

The Veroboard panel on which are assembled 
the a.f. output stage components 

blocking capacitor. The quiescent current drawn by 
the output stage is about 5mA, whereupon the quies- 
cent current taken by the complete receiver with out- put stage is approximately 11mA. 

The parts required for the output stage appear in 
the accompanying Components List. 
CONSTRUCTION 

The output stage components are assembled on a 
piece of 0.15in. matrix Veroboard having 15 by 10 
holes. The layout is given in Fig. 8. 

First cut out a board of the required size and drill 
out the two 6BA clear mounting holes. Next cut the 
strips at the two points indicated with crosses, using a small twist drill or the special Vero spot face cutter 
tool. Next fit and solder the components. Take care to 

the connections to TR7 and TR8 are made fairly quickly. These are germanium transistors and 
are more liable to be damaged by heat than are the 
other silicon transistors. 

The output stage panel is fitted above the chassis in the position indicated in Fig. 4 (published last month). Using the panel as a template mark out, and then drill, the two 6BA clear holes required in the 

COMPONENTS 

Resistors 
(All } watt 10%) 

R10 10ka 
R11 33kû 
R12 1.8k s2 

R13 180 S2 

Capacitors 
C12 100µF electrolytic, 10 V. Wkg. 
C13 470µF electrolytic, 10 V. Wkg. 
C14 0.0221F type 0280 (Mullard) 

Semiconductors 
TR5 BC109C 
TR6 BC109C 
TR7 AC127 
TR8 0081 

Miscellaneous 
Veroboard, 0.15in. matrix 
Speaker, 25a impedance 
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Solder to 6BA clear 

o 

0 
Pos. from Si 

fdll2 
o c o 

0 L 0 R13 
TR7 

0 0 oRll 

o 

O 0 0 0 

O 0 0 0 

o X 
C14 

o , o ._.,,_ e o o 

0 0 TR5 0 b o. . 

O o o oTR6 i' óR 0 0 0 

o p o 0 0"""eCTT o oc 0 0 0 

O 0 0 0 0 0 

O 0 0 0 0 

0 0 0 0 0 
Ç 

0 0 - 13o 
0 

o o ó 

X - cut in strip 

Fig. 8. Component layout and wiring on the 
output stage Veroboard panel. The solder tag is 
secured under one of the mounting nuts and 
provides the chassis connection for the panel 

chassis. After it has been wired to the other sections of 
the receiver the panel is mounted, with spacing 
washers, in the same way as was the receiver panel. 

The lead which now connects C10 of the receiver 
panel to SK3 is removed from SK3 and connected to 
C14 on the output stage panel. A lead from the output 
stage panel now connects to SK3, whilst a third lead 
connects to the tag of S1 which is remote from the 
battery. (If desired, the input lead to C14 may be con- 
nected direct to the collector of TR4 on the receiver 
panel, whereupon C10 is not required and can be 
removed.) 

It should be noted that the receiver will still feed 
medium to high impedance headphones with the out- 
put stage fitted. These are plugged into SK3, just as 
before, and a little more gain and volume will be 
available. 

Cl2 under 

under 

Direction of strips 

The output jack socket, together with the aerial 
and earth sockets, is mounted on the rear panel 

of the receiver 

FINAL POINTS 
A finishing touch consists of adding a wire pointer 

to the tuning knob for VC1 by means of a suitable 
adhesive, and of fitting a tuning scale to the panel 
behind it. The tuning scale visible in the photograph 
of the prototype front panel is taken from "Panel 
Signs" Set No. 5. The controls were marked with 
legends indicating their functions, these being taken 
from "Panel Signs" Set No. 4. "Panel Signs" are 
available from the publishers of this journal. 

If a calibrated signal generator is to hand, the scale 
can be marked up in terms of frequency. Should no 
calibration source be available the scale is marked 
with the position of the amateur and broadcast bands, 
as received. 

SOME 
By R. River 

1. Charlie comes into the workshop with a box con- 
taining resistors. 

He says to Jack, Fred, Jim and Joe: "I have no 
further use for these resistors, take what you want." 

Jack takes half the total number of resistors plus 
half a resistor. 

Fred takes half the remainder plus half a resistor. 
Jim takes a quarter of the remainder plus half a 

resistor. 
Joe takes the remaining resistor. 
What is the lowest number of resistors that Charlie 

gave away? (No resistors were broken in two.) 

2. A computer is made up with integrated circuits. 
There are 100 different types of i.c. in the computer, 
the types being numbered from 1 to 100 inclusive. 

The whole circuit requires 100 of type 1, 99 of type 
2, and soon to 1 of type 100. 

What is the total number of i.c.'s used in the com- 
puter? 

3. A service manager is hard pressed and his two 
best repair men are off work due to illness. There are 
32 colour sets which must be repaired as soon as possi- 
ble. 

'A free-lance service engineer offers to repair the 32 
sets at the following rates: ip for the first set, 1p for 
the second set, and so on, doubling the charge for each 
set. The service manager agrees to this. 

Why did the service manager faint when he receiv- 
ed the repair bill? 

4. In an electronic calculation a certain parameter, 
x, is equal to the cube root of the sum of the cubes of 
the other circuit quantities, L, R and C. The 
relationship is shown in Fig. 1. 

If L is 3, R is 4 and C is 5, what is the value of x? 

X = V L3+ R3+ C3 

Fig. 1. The equation encountered in problem 4 

108 RADIO & ELECTRONICS CONSTRUCTOR 

www.americanradiohistory.com



ELECTRONIC PUZZLES 
Here are some problems which merit a 

period away from the work bench. The 
puzzles are mainly of a mathematical 
nature and include an acknowledged oldie 
together with one or two minor stinkers. 

Solutions are given on page 115. 

5. You have seven precision resistors with values 
respectively of 1n, 252, 452, 811, 169, 3211 and 6452. 
How many values of resistance in 1 St steps between 
112 and 10012 can be produced by single resistors or 
series combinations of two or more of these resistors? 

6. The first line in Fig. 2 illustrates that ;MHz is equal to 250,000Hz. The square roots must also be equal, as shown in the second line, but this leads to the 
obviously untrue third line. What has gone wrong? 

/4MHz = 250,000 Hz 

\./1/4 MHz = \/25O,000Hz 

i/2 MHz = 5O0Hz 

Fig. 2. The first equation is obviously true, as 
also is the second equation which follows from 
it. But we then arrive at the very peculiar 
relationship which appears on the third line 

Constructor's Crossword Solution 

Across 
1, Switches. 5, Esters. 9, Radiance. 10, Getter. 

12, Atomic. 13, Anode Ray. 15, Electroplate. 18, Radio Compass. 23, Negatron. 24, Alkali. 26, Flange. 27, Tracking. 28,Rohans. 29,Open Gate. 

Down 
1, Serial. 2, Indoor. 3, Coaxial. 4, Each. 6, Speed -Up. 7, External. 8, Spray Jet. 11, Entropy. 

14, Echo Box. 16, Transfer. 17, Odograph. 19, Oc- tagon. 20, Silicon. 21, Lamina. 22, Single. 25, Trip. 

7. Fig. 3 illustrates a venerable puzzle which con- 
tinues, nevertheless, to have traumatic effects 
amongst those who have not yet encountered it. The 
cube is made up of 12 resistors, and each resistor has a 
value of 112. What is the resistance between the op- 
posite corners X and Y? 

x 

R10 

R4 

R12 

Fig. 3. A cube is made up of equal value 
resistors 

8. A resistor and a capacitor cost 11p. The capacitor costs 10p more than the resistor. 
How much does the resistor cost? 

9. A serviceman in a radio controlled van is out on a call. After travelling at 15 m.p.h. he is 1 mile from base when he is redirected to go to the home of the ser- vice manager's mother-in-law, which is 2 miles from base in the same direction. 
How fast must he drive the extra 1 mile to average 30 m.p.h. for the total 2 mile trip? 

For solutions see page 115. 
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TONE - CANCELLING 

CAPACITANCE 

BRIDGE 
by 

W. R. Jenkins 

A novel design in which the capacitance 
to be measured is balanced against 

another of equal value. 

This unusual capacitance bridge is a development 
from a design which appeared in the "Suggested Cir- 
cuit" series by G. A. French in the July 1974 issue of 
this journal. In the original article, "Multivibrator 
Capacitance Bridge", two opposing outputs from a 

symmetrical multivibrator were applied to the un- 
known and a known capacitance in series. In the pre- 
sent design, two amplifying transistors are added and 
these allow a more identifiable null to be achieved. 

WORKING PRINCIPLE 
The basic working principle of the circuit is il- 

lustrated in Fig. 1(a), where TR1 and TR2 are tran- 
sistors in a 50:50 a.f. multivibrator. At a first ap- 
proximation, the collector of TR1 is always positve 
when the collector of TR2 is negative, and vice versa. 
The consequent out of phase collector signals are 
applied to CX, the unknown capacitor, and VC, a 

calibrated capacitor. When the values of CX and VC 
are equal, there should theoretically be zero signal at 
the junction of the two capacitors. A pair of high 
resistance headphones is connected between this junc- 
tion and the lower supply rail, whereupon VC can be 
adjusted for a null signal in the phones and the value 
of CX read from the VC calibration. 

In practice, the signals at the collectors of TR1 and 
TR2 are not always out of phase with each other. For 
instance, at the period in the multivibrator cycle when 
TR1 turns off its collector potential does not rise im- 
mediately to that of the upper supply rail. Instead, it 
rises relatively slowly as the cross -coupling capacitor 
connected to the collector charges. Similarly, the 
collector potential of TR2 rises relatively slowly after 
the instant in the cycle when this transistor turns off. 
In consequence, the signal voltages applied to CX and 
VC are not exactly opposite to each other and the null 
given when these two capacitances are equal consists 
of a change in the character of the tone in the 
headphones rather than a marked diminution of its 
amplitude. 

The null given by the arrangement of Fig. 1(a) is 
still quite detectable, but an improvement can be ob- 
tained by adding two transistors in the manner shown 
in Fig. 1(b). Here, TR3 and TR4 have their base - 
emitter junctions inserted in the emitter circuits of 
TR1 and TR2. Since these base -emitter junctions are 
connected to be forward biased they have no effect on 
multivibrator operation apart from a slight lowering 
in frequency. At the same time, the circuit allows TR3 
to turn on and off at the same times as does TR1, and 
allows TR4 to turn off at the same times 
as does TR3. There are no cross -coupling capacitors 
to the collectors of TR3 and TR4 and so the 
collector potentials of these two transistors rise almost 
immediately to that of the upper supply rail after the 
instants of changeover which turn off TR1 or TR2. As 
a result, the signals obtained at the collectors of TR3 
and TR4 are more truly opposite to each other 
throughout the multivibrator cycle than are those at 
the collectors of TR1 and TR2. 

In Fig. 1(b) the collectors of TR3 and TR4 are 
applied to CX and VC, and VC is once again adjusted 
for a null in the headphones. Even with this circuit 
there is not a complete cancellation of the mul- 
tivibrator tone at balance, but the reduction in 
amplitude and change in tone character are 
significantly more evident than occurs with the circuit 
of Fig. 1(a). 

There are several advantages in the circuit of Fig. 
1(b) when compared with a more conventional type of 
bridge of simple design. The first of these is that one of 
the headphone leads is at chassis potential, with the 
result that bridge readings are not affected by chang- 
ing capacitances between the headphone leads and 
earth. Second, the collector resistors of TR3 and TR4 
can be given low values, whereupon one terminal of 
CX and one terminal of VC connect to low impedance 
points in the circuit. 

There is one disadvantage in the circuit, this being 
that the maximum capacitance which can be 
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TR' TR2 

(a) 

TR1 TR2 

TRg TR4 

y 

(b) 

Fig. 1(a). Basic circuit illustrating the func- 
tioning of the capacitance bridge 

(b). An improvement in performance is given by 
adding the transistors TR3 and TR4 

measured is limited to the maximum capacitance which can be given to VC, whilst the minimum capacitance is limited by circuit strays and the reac- tance at a.f. of the two capacitances. In the author's circuit the total range of measurements is from 20 F to 2,300pF. In mitigation, it can be stated that this range takes in very many of the capacitances that need to be measured in the amateur workshop, in- cluding variable capacitors and small silvered mica and ceramic capacitors whose markings have become smudged or erased. 

FULL CIRCUIT 
The full circuit of the bridge appears in Fig. 2. Here, TR1 and TR2 appear in a standard mul- tivibrator circuit which runs at approximately 1.3kHz. A pre-set potentiometer is inserted in the base circuit of TR2 to enable the multivibrator to be set 

up for 50:50 operation. TR3 and TR4 couple to 
TRI and TR2 in the same manner as in Fig. 1(b), 
and a second pre-set potentiometer in the collector circuit of TR3 enables the outputs of TR3 and TR4 to be balanced. 

COMPONENTS 

Resistors 
(All fixed values } watt 5%) 

R.1 47012 
R2 2ka 
R3 15k12 
R4 10kû 
R5 2ka 
R6 lkû 
R7 l00í2 
VR1 lk12 pre-set potentiometer, skeleton 
VR2 10kû pre-set potentiometer, skeleton 
VR3 25kí2 potentiometer, log 

Capacitors 
Cl 0.04712F plastic foil 
C2 0.047µF plastic foil 
C3 50pF silvered mica or polystyrene 
C4 1,000pF silvered mica or polystyrene 
C5 1000' electrolytic, 10 V. Wkg. 
VC1(a)(b)(c) 500+500+500pF variable, 3 -gang 
(see text) 

Transistors 
TR1 ACY19 
TR2 ACY19 
I'R3 BC214L 
TR4 BC214L 

Switches 
S1 3 -pole 4 -way, rotary 
S2 s.p.s.t., toggle 

Battery 
Bl 9 volt battery 

Miscellaneous 
Headphones, 4,000i2 
2 insulated terminals 
2 control knobs. 

VC of Fig. 1(b) can consist of any variable 
capacitance offering the required range, and construc- 
tors can use whatever components they may have on 
hand here. The metal frame of the variable capacitor 
should be connected to the low impedance output at 
TR4 collector, and should also, of course, be insulated 
from chassis. The author employed a 3 -gang capacitor 
with a nominal value of 500pF in each section in con- 
junction with the range switching circuit shown. When 
range switch S1 is in position 1, it selects C3 in series 
with one section of the capacitor. In position 2, the 
single section of the capacitor is switched into circuit 
on its own. At position 3 all the sections of the 
capacitor are in circuit in parallel, and in position 4 
C4 is added to this parallel combination. If this circuit 
is employed, care is needed in the wiring to keep stray 
capacitances low, and it helps if fairly thin connecting 
wire is used. 

A testmeter having a resistance on its voltage ranges 
of 10,000 ohms per volt or more is required for setting 
up the multivibrator. The meter is switched to a low 
d.c. volts range (say 0-10 volts) and is connected 
across the collectors of TR1 and TR2. The meter may 
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TR3 

BC2I4L 

TRI 

ACY 19 

VR2 

TR2 

ACYI9 

TR4 

BC2I4L 

..- 
S2 

On -Off 

9V i 

Test terminals 

000 
b c e 

VR3 

R7 

ACYI9 BC2I4L 
Lead -outs Lead -outs 

Si ranges 

I 20 - 4OpF 

2 30-400pF 
3 IOO -1,300 pF 

4 1,200 - 2,300pF 

4 

VCIa 

I 

21,23 

4 

C Slc 4 

.3 
4 

Fig. 2. Complete circuit of the tone -cancelling capacitance bridge. Alternative means of providing the VC 

arm may be employed if desired 

give a forward or a reverse reading, and VR2 is then 
adjusted for a zero reading. This reading indicates 
that the transistors are turned on for equal periods 
during the cycle. The voltmeter is then removed and is 
connected across the collectors of TR3 and TR4. This 
time, VR1 is adjusted for a zero reading, and it will 
probably be necessary to finally switch the meter to a 
lower volts range than was needed with TR1 and TR2. 

VR3 is included to vary the amplitude of the tone 
heard in the headphones. When measuring high 
values of capacitance it may be adjusted to reduce the 
volume level of the tone. With low values of 
capacitance it is adjusted to insert maximum 

resistance into circuit. It is wired such that the 
resistance it inserts increases as its spindle is turned 
clockwise. The headphones are standard magnetic 
types with a resistance of 2,000Sí in each phone. 

The null given when the variable capacitor is ad- 
justed is quite noticeable. The amplitude of the tone 
in the headphones decreases and changes from a 
"full" sound to one having a thin and reedy character. 
There is also the impression of a rise in pitch. 

The bridge is calibrated avith the aid of known 
values of capacitance connected to the test terminals. 
The current drawn from the 9 volt battery is 14mA. 

BACK NUMBERS 
For the benefit of new readers we would draw attention to our back number service. 

We retain past issues for a period of two years and we can, occasionally, supply copies more than two 
years old. The cost is the cover price stated on the issue, plus 11p postage. 

Before undertaking any constructional project described in a back issue, it must be borne in mind that 
components readily available at the time of publication may no longer be so. 

We regret that we are unable to supply photo copies of articles where an issue is not available. 
Libraries and members of local radio clubs can often be very helpful where an issue is not available for 
sale. 
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Radio Topics 
By Recorder 

* * * * * * * * * * 

I live and learn. 
Until recently I had assumed in my 

innocence that, for an oscillator to 
work, it required positive feedback in 
phase from an amplifier output back 
to its input. But I find you can also 
have a perfectly respectable oscillator 
in which the amplifier output is out of 
phase with the input. And how is this 
magic wrought? 

By hysteresis. 

SCHMITT TRIGGER 
If you couple the output of a t.t.l. 

Schmitt trigger back to its input via 
resistor, and add a capacitor between 
the input and ground, the set-up will 
oscillate away quite happily. A. 
suitable Schmitt trigger is one of the 
two triggers in the SN7413. This 
actually has four inputs going to an 
AND gate so in practice the four in- 
puts are joined together to form a 
single input. 

When this input is at ground level 
the Schmitt trigger output is high. If 
the input is taken slowly positive and 
reaches a voltage of typically 1.7 volts 
above ground the output suddenly goes 
negative and stays negative for all 
further positive excursions of the in- 
put. If now we start to take the input 
negative towards ground the output 
suddenly goes high again when the in- 
put reaches a level of, typically, 0.9 
volt. Thus, the Schmitt trigger exhibits 
a hysteresis effect which, with the 
SN7413, occupies a range of ap- 
proximately 0.8 volt. 

It is now fairly easy to see how os- 
cillation may be obtained. Let's say 
that at an instant in the oscillatory cy- 
cle the input has been negative -going, 
has just reached 0.9 volt, and the out- 
put has in consequence just gone high. 
The output at once forces the input to 
go high via the resistor coupling them 
together, but the rise of voltage at the 
input is delayed by the capacitor 
between the input and ground. After a 

period it reaches 1.7 volts above 
ground whereupon the output at once 
goes low. The output draws the input 
low too, but there is again the delay 
resulting from the capacitor between 
the input and ground. When the input 
does reach 0.9 volt the output goes high 
once more; which is where we came in. 

Neat, isn't it? 
The resistor coupling the output 

back to the input needs a fairly low 
value because of the relatively heavy 
current needed to hold a t.t.l. input 
down, and a suitable value is of the 
order of 360 fl The capacitor between 
input and ground can be 0.1pF to 144,F. 

The time constant of 3600 and luF 
is 360 microseconds, and .the 
capacitor is swinging between 1.7 and 
0.9 volts. A very rough guess at the 
time taken to drop from 1.7 to 0.9 volts 
would be about 300 microseconds, 
arguing a frequency, with 36053 and 
luF, of. around 1.6kHz. But the situa- 
tion is complicated by the current 
drawn by the Schmitt trigger input, 
when it is taken negative and so the ac- 
tual frequency of oscillation may vary 
quite a bit from any easily calculated 
figure. 

STEERING BY A STAR 
Marconi Space and Defence 

Systems Limited, one of the GEC - 
Marconi Electronics Companies, con- 
tinue to report 100% success for their 
star -pointing systems which are incor- 
porated in upper -atmosphere research 
rockets. The star -pointing system 
complements the Marconi sun - 
pointing control system which has 
already made more than 50 successful 
flights. 

The fifth Skylark research rocket 
carrying the star -pointing equipment 
was successfully launched from 
Woomera Rocket Range recently. The 
330kg. (7201b.) payload was carried to 
a peak altitude of 250km. (154 miles). 

During the flight the rocket acquired 
the target star Zeta Taurus (visual 
magnitude 3.0) and remained "locked 
on" to this star with an accuracy of six 
arcseconds for a period of four 
minutes. 

The mission objective of this, a 
Leicester University experiment, was 
to measure the abundance of oxygen, 
helium and neon in the vicinity of the 
Crab Nebula by observing the absorp- 
tion of low energy X-rays. 

LINE OUTPUT SNAG 
Coming down to earth with rather a 

bump I must next recount the sad 
plight of an acquaintance who has to 
switch his television set off every time 
he goes to the toilet. 

He lives on his own and has used for 
many years a beat -up old valve 
monochrome television receiver which, 
he insists, he is going to hang on to un- 
til it finally breaks down. Which may 
occur in the fairly near future, as it has 
now developed an intermittent fault in 
the line output stage. 

What happens is that every now and 
again the picture suddenly disappears 
and a -quite frightening sizzling noise 
becomes audible from the inside of the 
set. My acquaintance switches it off 
and then leaves it for about five 
minutes before turning it on again. 
Amazingly enough, the set then 
resumes normal working and con- 
tinues to do so until the fault appears 
once more. The shortest time between 
the occurrence of the fault has been 
two days and the longest time a fort- 
night. 

As he complains, my acquaintance 
is scared of leaving the TV set for any 
period of time whilst it is switched on 
in case the fault comes on whilst he is 
away, so that he would return to a 
receiver with a completely burnt -out 
line output stage. I must say that this 
is the hardest hard -luck TV story I've 
heard yet. 
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DIGITAL MULTIMETER 
I also have photographs this month 

of the recently `introduced Hewlett- 
Packard fully autoranging digital mul- 
timeter type 3476A, which is available 
from Hewlett-Packard Limited, King 
Street Lane, Winnersh, Wokingham, 
Berkshire. Claimed to offer com- 
prehensive facilities at very com- 
petitive cost, this multimeter is a.c. 
mains operated and has dimensions of 
2.3in. high, 6.6in. wide and 8.lin. deep. 
There is also a model 3476B which can 
be powered by the mains or by its own 
rechargable nickel cadmium batteries. 

Readout is by way of a 34 digit I.e.d., 
and voltages can be measured from 
0.0001 to 1,000 volts d.c., and 0.0003 to 
700 volts a.c. Resistance 
measurements are from i 12 to 1Mû 
D.C. current range is 0.0001 to 1.1 
amp, and a.c. current range is 0.0003 
to 1.1 amp. Autozero and autopolarity 
are built in. 

The manufacturers state that the 
low price of the digital multimeter has 
been achieved through a major 
technological advance. Development 
of fine -line tantalum nitride 
technology has eliminated the use of 
more costly discrete precision 
resistors. The tantalum nitride 
resistors are contained in a small pack 
and are matched to 0.02% by means of 
a laser -trim process. 

FIRE SURPRISE 
And finally a rather disturbing little 

incident which happened to me per- 
sonally and which has to do with quite 
simple electricity. 

In my workroom I have a standard 
2 -bar portable electric fire, each bar 
consisting of a ceramic rod having a 
spiral groove in which is wound the 
element resistance wire. Two terminals 
at the ends enable the bars to be quickly 
fitted or removed, as required. 

I switched on one bar of this fire one 
chilly morning and noticed several 
minutes later that there was a bright, 
almost white-hot, glow at one point of 
the element. Thinking that a spot of 
dust had fallen onto the wire I dismiss- 
ed the effect from my mind and 
started work. When I turned round 
several minutes later the excessive 
glow was still there. 

This was beginning to become in- 
teresting. It was evident that there 
must be a thin point in the wire.at the 
bright glow, and that the element was 
on the verge of expiry. I assumed that 
the wire would soon melt at the weak 
spot whereupon, since an alternating 
current breaks its own arc, the element 
would simply become open -circuit and 
that would be that. But I was mis- 
taken. 

Shortly afterwards the glow in- 
creased in intensity and size. What 
was more, the ceramic itself now seem- 
ed to be cooking up. And then not only 
did the glow get even wider and 
brighter but the bar started throwing 
out sparks onto the floor, crackling 

The Hewlett-Packard digital multimeter type 3476A. This features 
autoranging, autozero and autopolarity selection. 

Sorting out the voltages in a complex experimental breadboard 
layout with the aid of the Hewlett-Packard digital multimeter 

away like a miniature fireworks dis- 
play. Enough is enough and I switched 
off. When I examined the offending 
rod later I found that the ceramic had 
actually melted and re -set at the area 
of the glow. 

Now, this was completely unex- 
pected. That element had a fair 
amount of grime on its surface and so I 
presume that this broke down to some 
form of conductive material when the 
wire finally became open -circuit. 
Molten glass, believe it or not, passes 
electricity so, alternatively, could the 

ceramic material become conductive if 
it was hot enough? There was no 
change in the brightness of the glow 
from the rest of the bar so about the 
same current was still flowing after the 
wire parted. The element, incidental- 
ly, registered as an open -circuit when I 
checked it with a testmeter after it had 
cooled. 

Quite a mystery. But, at any event, 
that little episode is going to make me 
think very carefully before I leave a 
fire of this nature unattended 
anywhere in the future. 
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SOME ELECTRONIC 
PUtZ LES 
Solutions to the puzzles set on page 108. 

1. 27 resistors. 
2. 5,050 integrated circuits. 
3. The repair bill was for: 

£21,474,836.47 plus VAT. 
Disregarding the initial e, the series 1, 2, 4p .. . has 31 terms and its sum is equal to 2 to the 31st 

power minus 1. (Try this with shorter series: the sum 
of 1 and 2 is 2 squared minus 1, the sum of 1, 2 and 4 
is 2 cubed minus 1.) 

2 to the 31st power is: 
2,147,483,648. 

Subtracting 1, dividing by 100 to produce pounds and 
pence, and then adding the initial Zp gives the solution 
above. 

4. 6. 
5. All the values can be made up, and also values up 

to 127 1-2. This is a use of the binary system. 
6. The error is that the square root of a MHz should 

also be taken. The square root of a MHz is a kHz, so 
that the third line should read: 

2kHz = 500Hz. 
7. The resistance between X and Y is five -sixths of 

an ohm. 
The easiest way of solving the problem consists of 

first assuming that a voltage is applied across X and Y 
and then finding points of equal potential in the cube. 
The cube can be redrawn in the manner illustrated in 

inspection shows that 
and C are at the same potential. Since no current can 
flow between points having equal potential, A, B and 
C may be joined together without altering the overall 
resistance of the cube. Points D, E and F are similarly at the same potential and can also be joined. The cube 
may then be redrawn as in Fig. 5. (The circular presentation of Fig. 4 was first suggested to us by D. 
Graves, and appeared on page 640 of our April 1964 
issue. - Ed.) 

8. The resistor costs 2 
9. It is impossible for the serviceman to average 30 

m.p.h. for the 2 mile trip. To do this he would have to 
cover the 2 miles in 4 minutes, but he has already 
spent 4 minutes on the first mile. 

Fig. 4. The cube of resistors can be redrawn in 
the manner shown here 

31 

R4 

I 
ií 

Resistance (X -Y)= 3+6+3 = 6 

RIO 

3n 

Fig. 5. If equal potential points in the cube are 
joined together it becomes possible to arrive at 

this simplification 

AUDIO AMPLIFIERS 
Edited by J. R. Davies 

16 Transistor and Valve Designs for the Home 
Constructor 124 pages 
Amplifiers for Tuner Units, Record Players, Tape 
Recorders, Public Address, etc., etc. 
Includes contributions by such well-known authors as 
A. S. Carpenter, A. Kinloch, E. Govier, 

PRICE G. A. French, F. G. Rayer, P. F. Bretherick, 
K. Jones, D. Aldous, R. Murray -Shelley, 53p C. Swires, G. A. Stevens and V. E. Holley. 

DATA PUBLICATIONS LTD, 57 MAIDA VALE, LONDON W9 1SN. p&p 14p 
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Inwor)k 
your 

"Cardboard boxes," complained 
Smithy. "Nothing else but cardboard 
boxes!" 

"Dash it all," protested Dick. "I've 
got to keep things somewhere." 

"Normal people," stated Smithy, 
"keep things in cupboards and 
drawers. But not you. You keep things 
in cardboard boxes. It baffles me how 
you can get your legs under your bench 
even." 

The Serviceman glared at the 
heterogeneous collection of dusty card- 
board boxes ranged on the floor un- 
derneath his assistant's bench. 

"What you must do," went on Smithy 
accusingly, "is wait until you find a 
cardboard box that takes your fancy 
and then use it for hoarding junk. A 
fetish for cardboard boxes, that's what 
you've got." 

"Hey," said Dick indignantly. 
"There's no call for remarks like 
that." 

"Well," responded Smithy, "we 
can't have all these boxes of yours 
cluttering up the Workshop. Lets see 
what's in this one." 

CARDBOARD BOXES 
Smithy pulled out the box nearest 

him, placed it on Dick's bench and 
opened it up. 

Blimey, he remarked, surprised. 
"This is full of nothing else but control 
knobs. I don't think I've ever seen so 
many different types of control knob 
all together in my life." 

"I never," stated Dick proudly, 
"throw away a control knob. 
Whenever we dispose of a set I always 
keep the knobs. You never know when 
you 11 need one with a particular style 
and colour." 

As Smithy says, there must be many old valve radios 
stored in lofts and attics which can be brought back into 
use again after a few simple repairs. This month, Dick 
and Smithy stumble on a medium and long wave radio 
from the early 1950's, and Smithy demonstrates some of 
the basic faults liable to occur in the sets of this era. 

But Smithy's curiosity was now ful- 
ly aroused and he ignored his 
assistant's comments as he pulled out 
more of the boxes and placed them on 
Dick's bench. These contained, 
respectively, a quantity of loose mains 
transformer laminations, resistors 
with short leads, a selection of 465kHz 
i.f. transformers, a further quantity of 
transformer laminations, capacitors 
with short leads, four small reels of 36 
s.w.g. enamelled wire, several loose 
coils of unused electric fire element 
wire, a large package of six inch nails, 
and a third quantity of transformer 
laminations. 

"Ye gods," snorted Smithy, survey- 
ing the boxes which now covered most 
of Dick's bench. "What d'you want all 
these laminations for?' 

"I never know if I might not want to 
make up a special transformer for 
myself some day," responded Dick 
quickly. "Have you ever tried to buy 
laminations?" 

"Well, what's the electric fire ele- 
ment wire for?" 

"For making up very low values of 
resistance," replied Dick. "You can 
easily make up temporary resistors 
with the wire if you want values below 
about half an ohm or so." 

"I suppose," conceded Smithy, 
"that you have a point there. There's 
only two more boxes left now. What's 
in them?" 

"Search me," said Dick. "They've 
been here as long as I can remember." 

Smithy reached down, pulled out 
the box which was further from the 
wall and placed it on Dick's bench. He 
opened it, gave a startled gasp and 
commenced searching feverishly 
through its contents. 

"There just seems to be a lot of old 
mags in it," commented Dick dis- 
passionately. 

"Old mags?" repeated Smithy in- 
credulous)_y. "Do you know that all the 
issues of The Radio Constructor from 
January 1955 to December 1956 are in 
here? I thought I'd lost them for ever." 

He looked happly at the magazines. 
"This makes my collection complete 

all the way back to 1950 now. Blow me, 
that's the best find I've had for ages. 
This brings us to the last box of all. I 
wonder what we'll find in that." 

Purposefully, Smithy reached 
down, picked up the remaining box 
and placed it on the bench. He wiped 
the dust from its surface with a rag 
then opened it up. His face took on a 
puzzled expression as he peered inside 
and drew out an object which he plac- 

ed on the surface of Dick's bench. 
It was a medium and long wave 

valve radio in a neat and relatively 
small two-tone plastic case. Its mains 
lead, terminated in an old-fashioned 2 - 
pin 2 -amp mains plug, was held in a 
neat bundle with an elastic band. 

VALVE RADIO 
"Stap me," breathed Dick. "Where 

on earth did that come from?" 
"What is more to the point," stated 

Smithy, "is how long has it been 
there?" 

"Well,' said Dick. "I've never ever 
looked inside either of those last two 
boxes. When did you lose the 1955 and 
1956 issues of The Radio Construc- 
tor?" 

"I don't even remember keeping 
them," replied Smithy, scratching his 
head. "They must have found their 
way into that box after I'd read them, 
and they've been there ever since." 

"That means," said Dick slowly, 
"that the mags have been down there 
for around twenty years. And if the 
box with the radio in it was behind the 
one with the mags in ..." 

"That means," broke in Smithy, 
"that the radio has been there for at 
least as long as the magazines have 
been." 

Dick gazed at the set with reluctant 
respect. 

"If that set originally came in for a 
repair," he remarked, "it's certainly 
had to wait a long time for it! What do 
we do with it now Smithy, chuck it 
out?' 

"Certainly not," retorted Smithy. 
"If it's got a fault, we'll fix it. The 
cabinet has got a few scratches on it so 
it wasn't brand-new when it came in. 
Funnily enough, this situation is much 
the same as, occurs in quite a few 
households. I bet there are no end of 
old mains radios stored away in lofts 
and attics which require only a little 
work to get them going again. The 
trouble these days is that everybody is 
so preoccupied with solid state equip- 
ment that they've completely forgotten 
that you can still get an excellent per- 
tormance trom a valve radio. Hello, 
what's this?" 

Smithy looked into the cardboard 
box and took out a folded piece of 
paper. 

Stone me," he remarked. "The ser- 
vice sheet for the radio was put in the 
box with it. Well, that makes our job a 
lot easier. There's a bit more space do 
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my bench, so let's take the radio over 
there." 

Dick picked up the radio and the 
pair walked over to Smithy's bench, on 
which Smithy laid out the service 
sheet with the circuit diagram upper- 
most. (Fig. 1.) 

"The set's got a ferrite aerial," 
remarked Smithy, "and so it must 
have been made after about 1952, 
which is when ferrite aerials first 
started appearing. The circuit itself is 
dead standard. The first valve is a 
UCH81 triode-heptode frequency 
changer and the second valve is a 
UBF89 double -diode -pentode, with 
the pentode section acting as i.f. 
amplifier and the diodes acting as the 
signal and a.g.c. detector. These are 
followed by a UCL82 triode -pentode. 
This has the triode acting as an a.f. 
yoltage amplifier and the pentode as 
the output amplifier. Add to that the 
UY85 rectifier, and that's all the 
valves in the set complete." 

"Why do the valve type numbers all 
start with the letter U?" 

"The 'letter U means that their 
heaters are rated at 0.1 amp. In con- 
sequence the heaters can all be con- 
nected in series with 0.1 amp passing 
through them. If the first letter of the 
type numbers had been P, they could 
have been used in an 0.3 amp series 
string. When the first letter is E the 
heater is rated at 6.3 volts. Many 
valves whose first letter in the type 
number is E are also rated at 0.3 amp 
so that they could be used in an 0.3 
amp string too." 

"The circuit seems pretty simple," 
remarked Dick. "The signal is picked 
up on the ferrite aerial and is applied 
to the bottom grid of the heptode sec- 
tion of the UCH81. The triode section 
must be the oscillator." 

"That's right," confirmed Smithy, 
"and the oscillator signal is coupled 
into the third grid of the heptode. The 
i.f. signal is taken off the anode of the 
heptode and passed by the first i.f. 
transformer to the signal grid of the 
pentode section of the UBF89. This 
gives further amplification and the i.f. 
signal is then detected by the diodes 
and appears across the 100k12 resistor 
and volume control in series. The 
voltage at the top of the 100k1-2 resistor 
goes more negative as signal strength 
increases and this voltage is fed back 
to the signal grids of V1 and V2 to give 
automatic gain control. The a.f. signal 
tapped off by the volume control slider 
is passed to the a.f. amplifier incor- 
porating the UCL82." 

"All the cathodes except that for the 
output pentode," commented Dick, 
"connect direct to chassis. Shouldn't 
they have a cathode bias resistor and a 
bypass capacitor like the output pen- 
tode has?" 

"The UCH81 and UBF89 are quite happy with their cathodes connected to 
chassis," replied Smithy. "Even if the 
set isn't tuned in to a signal there's a 
small negative voltage on the a.g.c. line 
due to detected noise and other effects, 
and this gives them sufficient bias. 

c 

N 
a e co 

z 

8 

$ en 

CD 

J 
D 

3 u. 3 î ma O 

KinL 
--11--- 

l 

_ 

O of 

ui 

ettujClun---4 

SEPTEMBER 1976 , 117 

www.americanradiohistory.com



Your Local Supplier 
LONDON 

THE 

MODERN BOOK CO. 

Largest selection of English & 

American radio and technical 

books in the country. 

19-21 PRAED STREET, 
LONDON, W2 1NP 
Tel: 01-723 4185/2926 

.IIAMPSFHRE 

BOURNEMOUTH 
LARGEST HI-FI AND 
RADIO COMPONENT 
STORE IN THE SOUTH 

FORRESTERS NATIONAL 
RADIO SUPPLIES LTD. 
7o-72 Holdenhurst Road 

Bournemouth 
Telephone 25232 

Closed all day Wednesday 

SUSSEX 

JEFFRIES 
For 

Hi-Fi Equipment 
Tape Recorders 

Television 
Transistor Radios 

6A Albert Parade 
Victoria Drive, 

EASTBOURNE SUSSEX 

EIRE 

PEATS for PARTS 
ELECTRONIC COMPONENTS 

RADIO & TELEVISION 

For the convenience of Irish 
enthusiasts we supply 
Radio & Electronics 
Constructor 
Data Books and 
Panel Signs Transfers 
Also a postal service 

Wm. B. PEAT & Co. Ltd. 
25/26 PARNELL STREET 

DUBLIN 1 

Aerial 
input} 

Frequency 
changer 

( triode- 
-heptode) 

.fs 

Fig. 2. An 

I.F. amp. 

(pentode) 

r 

A.F. amp. and 

detector 
(double-diode- 

-triode) 

A.G.C. 

Output 
(pentode) -JE( 

alternative signal stage line-up encountered in a.m. 
radios. 

And, of course, the bias increases con- 
siderably when a signal is being receiv- 
ed because of the a.g.c. action. So far 
as the triode section of the UCL82 is 
concerned you'll see that the grid 
resistor has the high value of 10M12. 
This allows an effect which was 
described as `grid current bias' to take 
place and the triode works quite 
satisfactorily under these conditions." 

"Is the valve line-up here a standard 
one?" 

"Oh yes," stated Smithy. "About 
the only variation you'll find is when 
the output pentode is a single valve. 
You then have a separate triode a.f. 
voltage amplifier, and this will have 
the two signal diodes with it to make it 
a double -diode -triode. The i.f. 
amplifier is a simple pentode on its own 
without diodes." (Fig. 2.) 

STARTING TESTS 
"Shall I," asked Dick, "connect this 

set up to the mains and switch it on?" 
"Not yet," replied Smithy. "I want 

to check first that it hasn't got an h.t. 
short down to chassis. That may 
have been what was wrong with the set 
in the first place but there is also a 

very slight possibility that the h.t. elec- 
trolytics have gone low resistance over 
the last twenty years. Better to be safe 
than sorry." 

Dick applied himself to the receiver 
and was soon able to draw the chassis 
from its case. 

"Blimey," he remarked, "there isn't 
even a printed circuit. All the parts are 
wired up on a chassis with tagstrips." 

"That seems reasonable enough," 
commented Smithy. "Many receiver 
manufacturers hadn't changed over to 
printed circuits in the earlier 1950's. 
Okay, Dick, check the resistance 
bete een the positive tag of the reser- 
voir capacitor and chassis." 

Dick applied his test prods and 
watched the meter needle. This moved 
fairly swiftly to a reading of around 
20k2. (Fig. 3.) 

"Not so good," remarked Smithy. 
"If the h.t. electrolytics were in good 
condition, that meter needle would 
have swung over a lot more slowly. 
Still, there isn't by any mean a dead 
short between the h.t. line and chassis 
so it should be safe to apply the mains. 
Before we do that, however, fit the 
knobs back on the control spindles. 
This will make it easier to operate 
them. And also, of course, don't forget 
that the chassis is connected to one 
side of the mains and that you can get 

a dangerous shock from it if you aren't 
careful." 

"Hey Smithy," grumbled Dick, 
"take it easy. I haue been fixing live - 
chassis TV's for quite a time now, you 
know." 

"Sorry," chuckled Smithy. "This 
radio is taking me back over the years 
so much that I got carried away for the 
moment! I should set your testmeter to 
a high voltage range now and connect 
it between chassis and the positive tag 
of the reservoir electrolytic again. This 
will enable us to monitor the h.t. 
voltage." 

Dick connected the receiver to the 
mains. He then adjusted the range 
switch of the testmeter, clipped its 
negative lead to the receiver chassis 
and applied its positive prod to the 
reservoir capacitor tag. He put his 
hand out towards the combined 
volume control and switch. 

"Don't have your face too close to 
the chassis for the first ,few minutes," 
stated Smithy. "After twenty years out 
of service there is just a very slight risk 

'41 

Fig. 3. Checking for h.t. 
short-circuits to chassis at 
the reservoir capacitor by 
means of a testmeter 
switched to read ohms. 
With normal testmeters, 
connecting the test leads in 
the manner shown causes 
the testmeter battery to 
have the same polarity as 

the electrolytic capacitor. 
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of the reservoir capacitor going pop 
when the rectified voltage gets to it. I 
know I'm a bit of a fuddy-duddy so far 
as things like this are concerned 
but I believe in safety first. Okay, 
switch on now." 

There was a click as Dick turned on 
the switch. The dial lamp lit up weak- 
ly, then rose to full brightness as the 
resistance of the series thermistor in 
the heater chain dropped. The valve 
heaters began to glow cheerfully. 

Dick glanced at the meter. 
"Hey, Smithy," he called out, 

"there's no voltage across the elec- 
trolytic. The rectifier must be duffy." 

"Give it a chance," retorted Smithy. "It's got an indirectly heated cathode 
and that cathode has got to warm up just the same as all the other cathodes. 
Hello, the meter needle's starting to 
move now." 

Slowly, the meter needle rose to in- 
dicate a reading of 190 volts. It stayed 
at this level for a short moment then 
continued to a steady reading of 210 
volts. Dick removed the positive test 
prod. 

"That's beautiful," said Smithy. 
"Now we'll just leave it like that for a 
few moments to give the electrolytics a 
chance to form and start working 
properly. All we've got to do for the 
moment is keep a visual check to en- 
sure that no resistors are cooking up. 
So far, we've discovered two good 
things 

`What are those?" 
"First," said Smithy, "the heater 

is rec- 
tifier. Well, I think we've given those 
h.t. electrolytics enough time now to 
get back into working order. See what 
happens when you turn up the wick." 

NO OUTPUT 
Dick advanced the volume control and the pair listened. 
"It's dead," stated Dick shortly. "There's no background noise, no 

hum, no nothing." 
Fair enough, ' commented Smithy. "We've got h.t. at the reservoir 

capacitor. Check if there's h.t. at the 
smoothing capacitor." 

Obligingly, Dick applied his 
testmeter prod to the positive tag of the 
smoothing capacitor. (Fig. 4 (a).) 

"I'm getting about 180 volts here," he called out. 
"That seems all right," said Smithy. "Try the anode of the UCL82 triode. Its pin 9." 
"Okey-doke," replied Dick. "I'm 

putting the prod on pin 9 now. And the 
voltage is 100 volts." (Fig. 4(b).) 

"There doesn't seem to be anything 
wrong there, either," said Smithy. 
"But there's certainly a fault in the circuit following that triode anode." 

"Why's that?" 
"Because there should have been a 

crackle from the speaker when you put 
the test prod on the anode pin. Try the 
voltage on the pentode anode. It's pin 6." 

Dick placed the test prod on the 

anode pin. (Fig. 4(c).) 
"The meter says 210 volts," he call- 

ed out. 
"Does it now?" said Smithy. "That's the same reading as we got at the reservoir capacitor. Normally, 

there's about 20 volts dropped across 
the primary of these valve output 
transformers, so either the primary is 
short-circuit or the pentode isn't draw- ing any anode current through it. We 
can see if the pentode is passing 
cathode current at any event by measuring the voltage across its cathode bias resistor. So check the voltage at pin 2, Dick." 

Once more Dick took up the test prod and, this time, he applied it to pin 
2 of the UCL82 valveholder. He glanc- 
ed at the meter then selected a lower 
voltage range. (Fig. 4(d).) 

"There's 18 volts there," he 
announced. 

"18 volts?" repeated Smithy. "That 

4 

1-2kn 

(a) 

seems a bit high. These output pen- 
todes usually run with a cathode bias 
of around 12 volts. At any rate, the 
voltage shows that the pentode is pass- 
ing current so it looks as though there's 
a short across the output transformer 
primary. Switch the set off, Dick, and measure the resistance of the 
primary." 

Dick carried out Smithy's instruc- 
tions. After setting his testmeter to an 
ohms range and zeroing it, he applied 
his test prods to the transformer tags. 
(Fig. 5(a).) 

"You were right," he announced 
cheerfully, "there seems to he a dead short here. There's certainly a zero 
resistance reading in the meter." 

"Good show," commented Smithy. "My guess is that the 5,000pF capacitor across the primary has 
broken down. Snip one of its leads and 
check it." 

The capacitor was mounted on the 
transformer tags and it took Dick no 

(b) 

(c) 
(d) 

Fig. 4. Successive steps in tracing a fault in the radio. Dick check- ed the voltage et (a) me smoothing capacitor, (b1 the a.f. triode 
anode, (c/ the output pentode anode and (d1 the output pentode 

cathode. 
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Fig. 5 (a). Checking the 
resistance et the output 
transformer primary. (b) 
One lead of the capacitor 
has to be disconnected 
before its condition can be 

checked. 

time at all to cut one of its leads close 
to the tag it connected to. He applied 
his testmeter leads to the capacitor. 
(Fig. 5(b).) 

"That's it, Smithy," he called out 
jubilantly. "The capacitor's shorted. 

et's see what the primary resistance 
is now. Blow me, it's as much as 
30012!" 

"That would be about the correct 
value," confirmed Smithy. "So your 
next job is to fit a new 5,000pF 
capacitor." 

"Righty-ho, Smithy," said Dick, as 
he rose and made his way to the spares 
cupboard. "I suppose a modern plastic 
foil capacitor will be all right. What 
working voltage - 250?" 

"750 volts would be nearer the mark." 
"Hey?" 
"I'm quite serious," said Smithy. 

"The alternating a.f. voltage across 
that transformer primary can rise to 
nearly 200 volts peak if, the receiver 
volume is turned up high. Believe it or 
not, but some set makers used to fit 
1,000 volt capacitors across the 
speaker primary in output circuits like 
this one." 

After a little searching, Dick located 
a suitable capacitor. He returned, 
removed the faulty component and 
commenced to solder in the replace- 
ment. 

"What," he asked, "is this capacitor 
supposed to do, anyway?" 

`It's simply a brute -force treble -cut 
component," replied Smithy. "It cuts 
down the shrillness resulting from 
third harmonic distortion in the pen- 
tode." 

"Stap me," exclaimed Dick, as he 
absorbed this information. "Couldn't 
they have used negative feedback in- 
stead?" 

"Negative feedback?" repeated 
Smithy. "You've got to be joking, 
Dick. Feedback was only appearing in 
hi-fi amplifiers in the days when that 
set was made. Set -makers would have 
had kittens at the thought of losing 

gain by introducing negative feed- 
back!" 

"Well. I've got the new capacitor 
soldered in," announced Dick. "So 
let's try out this set again." 

Once more he turned the volume 
control switch. There was silence for 
some moments as the valves warmed 
up then a quiet hiss became audible 
from the speaker. Dick turned the tun- 
ing control experimentally. Almost 
immediately he found a station and 
tuned it in carefully. A voice 
from the speaker announced a record 
by Carol Gibbons and the Savoy 
Orpheans, to be followed by the record 
itself. Both the voice and the record 
were noticeably distorted. 

"I think," remarked Smithy, "that 
we have what is a very common snag in 
these old radios." 

"What's that?" 
"I think that the 0.01,12 coupling 

capacitor between the triode and pen- 
tode sections of the UCL82 has gone 
leaky and is causing the signal grid of 
the pentode to go positive. This would 
explain the unusually high cathode 
bias voltage, too. Well, we can soon 
check this. Put that meter on the 
cathode again, Dick." 

Smithy picked up a spare test lead 
and held the plug at one end against 
the chassis. Whilst Dick measured the 
cathod voltage, the Serviceman 
applied the prod of the test lead to the 
signal grid of the pentode. There was a 
loud crackle from the speaker, after 
which it remained silent. (Fig. 6). 

"The cathode voltage has dropped 
to 12.5 volts," announced Dick. "It 
dropped as soon as you put that test 
prod on the grid." 

"Then," stated Smithy in a satisfied 
tone as he removed the test lead, 
"we've found another fault in this set. 
That coupling capacitor must have 
been leaky. The fact that there was a 
crackle from the speaker also confirms 
that there's leakiness in the capacitor. 
If the capacitor had been all right the 
signal grid would have been held at 
chassis potential by way of the 470k S2 

grid resistor, whereupon connecting it 

directly to chassis would merely have 
stopped the sound without causing 
any crackle. So you've got another 
capacitor to change now, Dick." 

"As you wish,' said Dick obligingly, 
making his second trip to the spares 
cupboard. "What working voltage does 
this one need?" 

"350 volts will be more than ade- 
quate," stated Smithy. "Incidentally, 
you have to keep an eye on the working 
voltage of replacement capacitors for 
these old valve sets. We've got used to 
plastic foil capacitors having working 
voltages below 200 volts in transistor 
equipment, and these could well break 
down in some of the circuits in a valve 
set." 

NEW CAPACITOR 

Dick had no trouble in locating a 
new 0.01µF 350 volt capacitor. He sat 
down at Smithy's bench and removed 
the faulty component so that it could 
be replaced by its much less bulky 
modern equivalent. 

"Are these capacitors always liable 
to give trouble in old sets, Smithy?" 

"Oh definitely," confirmed Smithy. 
"All the tubular capacitors from 
around 0.001/4F to 0.1úF had paper 
dielectric with wax impregnation, and 
it is very common for these to become 
leaky after some ten to twenty years 
simply due to the ingress of moisture. 
If they're used as cathode bypass 
capacitors they don't usually cause 
much trouble until their leakage 
resistance becomes very low, because 
they're connected across low value 
resistors. But they only need to have a 
leakage resistance of 10Mí2 or less to 
cause trouble when they connect an 
anode to a following grid. So whenever 

radioyou 

want to refurbish an old 
the components you want to heck 

are firstly, h.t. electrolytics and 
secondly, paper dielectric cap- 
acitors. After that the next 
components to suspect are fixed 
resistors of 1M i2 or more. These have a 
tendency to go high in value." 

"Apart from the faults we've 
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Fig. 6. Checking the voltage at V3(b) cathode with the grid resistor 
short-circuited. 
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bumped into today," said Dick, "what 
are the main troubles you are likely to. 
encounter?" 

"Instability is the most common 
one," replied Smithy. "If you look at 
the circuit of the set we've got here 
you'll see that the absolute bare 
minimum of decoupling components is 
used. For instance, the 40HF 
smoothing capacitor is the h.t. bypass 
component for the anode circuits of the 
frequency changer, the i.f. amplifier 
and the a.f. triode. In some sets it may 
also be the anode bypass coin onent 
for the output pentode as well. The 
capacitor only needs to develop a very 
small impedance for all these circuits 
to couple together, whereupon you get 
instability. This can happen even 
when the capacitor still seems to be 
working all right as a smoothing com- 
ponent." 

"Are there any other forms of in- 
stability?" 

"A very common one is given when 
the bypass capacitor at the screen -grid 
of the frequency changer or the i.f. 
amplifier goes open. The screen -grid 
prevents capacitive coupling between 
the anode and the signal grid and, if it 
isn't reliably held at chassis potential 
for r.f. by its bypass capacitor, the 
stage simply oscillates. Usually, you 
get a heterodyne beat with stations as 
you tune them in. In the set we have 
here, both the frequency changer and 
the i.f. amplifier screen -grids are 
bypassed to chassis by one capacitor 
and, once again, it only needs a little 
unwanted impedance in the bypass 
circuit for the whole receiver to 
become unstable." (Fig. 7.) 

"D'you know, Smithy," said 
Dick, as he put Smithy's soldering iron 
back on its rest, "going back to valves 
is like entering a new world again." 

"You can have a lot of fun with 
these old valve radios," agreed Smithy. 
"One ' would hardly suggest that 
somebody constructed a valve radio in 
these present times. On the other hand 
there can be a lot of pleasure in ser-. 
vicing an old valve radio, and getting it 
to go again." 

"Well," said Dick. "I've put in the 
new 0.01µF capacitor, so let's see how 
this particular old set works." 

He switched it on again. They 
waited once more for the valves to 
warm up. As the set came to life, the 
same voice was heard announcing 
Henry Hall and his B.B.C. Dance 
Orchestra. This was followed by "The 
Teddy Bears' Picnic". 

"There's something fishy going on 
here," remarked Dick a little uneasily. 
"We've repaired an old radio and all it 
plays is old records." 

"I must confess that it's a bit odd," 
commented Smithy. "Still that distor- 
tion has cleared up. There's no 
noticeable hum either, so we'll assume 
that the reservoir and smoothing elec- 
trolytics are all right. Indeed, the set 
sounds jolly good." 

"It isn't bad at all, agreed Dick. 
"Iii fact the quality is a darned sight 
better than the noises we've got used to 
with present-day transistor radios. For 
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Fig. 7. A common bypass 
capacitor coup/es the 
screen -grids of both the 
frequency changer heptode 
and the i.f. amplifier pen- 

tode to chassis. 

a start, there's a bit of bass to it." 
"True," confirmed Smithy. 
They listened critically as "The 

Teddy Bears' Picnic" came to a close. 
Then followed an interview with a 
civic dignitary in what was obviously a 
repeat of "Down Your Way". The 
dignitary chose a comfortingly modern 
recording. 

"Well," said Dick, his brow clear- 
ing, "that clears up the old records 
mystery. The previous people in the. 
programme must have been elderly 
geysers." 

"Let's put this set through its 
paces," suggested Smithy.. 

Dick rotated the tuning control, to 
be rewarded by a good selection of 
stations, both on medium and long 
waves. 

UNEXPECTED PRESENT 

"Seeing," remarked Smithy, "that 
we found this set under your bench, 
you might as well keep it for yourself. I 
can't see anyone coming to claim it 
after all these years." 

"Gosh Smithy, thanks. This will be 
lust the job for my bedroom. I must 
say that I've really enjoyed the repair 
job we've done on it. Are there any 
other hints you can pass on about fix- 
ing old sets?:' 

"Only the obvious ones. For in- 
stance there's not much point in tackl- 
ing an old set if the cabinet is broken 
beyond repair or if the set has been 
stored in a damp place. Also, the job is 
probably not worth the trouble if 
there's a mechanical snag in the wave - 
change switching arrangements or in 
the tuning drive which is difficult to 
clear. Again, I'd think twice about 
tackling some of the earlier sets with 
printed circuits as there's a fairly high 
risk of leakage between copper sec- 
tions on the board. The best sets to 
play with are those where the parts are 
assembled on a chassis." 

Dick looked fondly at the radio 
which he had now' 'so unexpectedly 
acquired, then glanced over at the 
cardboard boxes on the surface of his 
bench. 

"If," he remarked cheerfully, "this 
is what happens when we have a clear - 
out of my junk, then I'm all for having 
a clear -out every day!" 
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709 1T051; 741 (011-8) Op. amps 25p each' 
5+ I.C.'s (any mix) at 20% discount 
Nicad rechargeable cells HP7 size £1 each 
4+: 90p. 10+: 85p. new, recent manutacture. 

Prices include UK Post, Packing & VAT 
Mail order only Sole Address: 

GAREX ELECTRONICS 

7 NORVIC ROAD, MARSWÖRTH, 
TRING, HERTS HP23 4LS 

Cheddington (STD 0298) 888884 

MORSE MADE 
EASY 

BY THE RHYTHM 
METHOD! 

These courses, which have been sold for 
over 23 years, have been proved many times 
to bè the fastest method of learning Morse. 
You start right away by learning the sounds 
of the various letters, numbers, etc., as you 
will in fact use them. Not a series of dots and 
dashes which later you will have to translate 
into letters andwords. 
Using scientifically prepared 3 -speed records 
you automatically learn to recognise the 
code RHYTHM without translating. You 
can't help it. It's as easy as learning a tune. 
18-W.P.M. in 4 weeks guaranteed. 

The Complete Course consists of three 
records as well as instruction books. 
For Complete Course send £5.00 including 
P.P.I. etc. (overseas surface mail £1 extra). 

THE MORSE CENTRE 
Box 8, 45 Green Lane, Purley, Surrey. 

I enclose £5.00 or large s.a.e. for explanatory 
booklet. 

Name 

Address 
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TV 
FAULT FINDING 
MANUAL for 
405/625 LINES 

90p 
P. & P. 18p 

REVISED & ENLARGED 

EDITED BY J. R. DAVIES 

132 pages 

Over 100 illustrations, including 60 photographs 
of a television screen after the appropriate faults 
have been deliberately introduced. 

Comprehensive Fault Finding Guide cross- 

referenced to methods of fault rectification des- 

cribed at greater length in the text. 

UNDERSTANDING 
TELEVISION 

by 

J. R. DAVIES 

Over 500 pages 
300 diagrams 

E3.25 
P. & P. 60p 

UNDERSTANDING TELEVISION deals with: 

Principles of 405 line reception 
Principles of 625 line reception 
Nature of the television signal 
Receiver tuner units 
A.F. and video amplifiers 
Deflector coil assemblies 
Automatic gain and contrast control 
Receiver aerials 
The cathode ray tube 
Receiver i.f. amplifiers 
Vertical and horizontal timebases 
Synchronising 
Power supply circuits 
Colour television 
COLOUR TELEVISION -80 page 
comprehensive introduction to 
the subject 

The reader is required to have only a basic 

knowledge of elementary radio principles. The 

treatment is non -mathematical throughout, and 

there is no necessity for any previous experience 
in television whatsoever. At the same time 
UNDERSTANDING TELEVISION is of equal value 

to the established engineer because of the very 

extensive range it covers and the factual inform- 
ation it provides. 

To Data Publications Ltd., 57 Maida Vale, London, W9 1SN 

Please supply the 4th revised edition of TV FAULT FINDING, Data Book No. 5 

Please supply UNDERSTANDING TELEVISION, Data Book No. 17 

I enclose cheque/crossed postal order for (Tick. which book is required) 

NAME 

ADDRESS 

(BLOCK LETTERS PLEASE) 
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SMALL ADVERTISEMENTS 
Rate: 8p per word. Minimum charge £1.00 

Box No. 20p 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 can - 
lot 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. -. 
Radio and Electronics Constructor, 57 Maida 

Vale, London, W9 1SN. 

SERVICE SHEETS for Radios/ TV's etc. 50p and s.a.e. 
Catalogue 20p and s.a.e. Hamilton Radio, 47 Bohemia 
Road, St. Leonards-on-Sea, Sussex. 

VINTAGE WIRELESS: For:- valves, circuits, com- ponents, receivers, books, magazines, repairs and nostalgia in radio 1920 to 1950, contact Tudor Rees (Vintage Ser- vices). Send s.a.e. for newsheet or 50p for full 1976 catalogue. 64 Broad Street, Staple Hill, Bristol, BS16 5NL. Telephone: 0272 565472. 

COMPONENTS AND HARDWARE - FAST. FREE 
Catalogue and samples. Includes transistor tester data. 
Send 2 x 6fp stamps. Magenta Electronics Ltd., R9, 61 
Newton Leys, Burton -on -Trent, Staffs., DE15 ODW. 

WANTED TO PURCHASE: All early books on radio 
preferably before 1925. Box No. 282. 

TREASURE HUNTERS! Construct, inexpensively, 
metal detector giving £300 performance. 10 pages, il- lustrated plans, £1. C. H. Lucas, 241 Upminster Road 
South, Rainham, Essex. 

WANTED TO PURCHASE: large and small quantities of 
transistors, diodes, I.C.s, etc. Immediate requirement for 
10,000 BC109 transistors. Send samples/lists of any sur 
plus components. Elekon Enterprises, 224a St. Paul's 
Road, Highbury Corner, London Ni 2LJ. Telephone: 
01-359 4224. 

FOR SALE: ORP12 48p, BPX25 £1.10, TBA625B 90p, TBA625C £1.05, LM3O9K £1.40, TIL108L £1.70, 2N3055 40p, MAN64A, corn. anode 0.4" 7 segment & d.p. £1.60. Silicon solar cells .5 volts 40mA, £2.10. Cybertone audio tone generator, variable rate/pitch, 12 volt operation, £3.50. DIL sockets 8, 14 or 16 pin, 12p. Clock crystal 32.768kHz, £2.40. Precision resistor pack, 1/8W -1% - 100ppm, 120-200k, 18 different resistors in each pack, £1.44. P & P 25p extra. For unpriced parts list please send s.a.e. Box No. G308. 

PHOTO -COPIES of articles in Radio & Electronics 
Constructor back to 1963. 20p per page plus large s.a.e. 
Evison, 6 Pondcroft Road, Knebworth, Herts. 

(Continued on page 125) 

"Fie f zitst you need /s 
HOME kADIO 

publishers oft e ySantous 

For full Beta iIs see hie 
separate advertisement 
tit Mir issue 

HOME RADIO COMPONENTS LTD. 
240 London Rd, Mitcham,Surrey, CR4 3HD. 
Phone 01-648 8422 

WHAT'S ON VLF? 
EXPLORE 10-150 KHz with a VLF TUNER. Listen to time 
signals, CW weather forecasts, DX beacons, standard fre- 
quencies, etc. RF in -audio out. EASY TO MAKE, all parts, 
case, PCB, instructions, money back assurance. ONLY 
£9.70, £11.20 airmail. 

Cambridge Kits Milton, 
Oldabridgechool Lene, 

Matron, Cembrid e 

REVOR OPTICAL & 
TECHNICAL 

42 TAVISTOCK STREET 
LONDON W.C.2 

Tel. 01-836 4536 

4" dia. lens 

FLEXIBLE 
MAGNIFIER 

WITH CAST IRON BASE, 

PRECISION GROUND AND 
POLISHED LENS, CHROME PLATED 
FRAME AND FLEXIBLE TUBE. 
IDEAL FOR HOBBIES, AND 

DETAILED WORK WHICH REQUIRES 

BOTH HANDS FREE. 

CALLERS WELCOME 
(Subject to price ruling at the time of issue) 

£8.50 
POST 
FREE 
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PRECISION 
PQLYCARBONATE CAPACITORS 

ALL HIGH STABILITY -EXTREMELY LOW LEAKAGE 
440V AC (4--10%) 63V DC Range +-1% +-2% +5% 
0.1uF (1 "x 68p 0.47pF £1.32 77p r) 
0.22pF (1 "x ") 86p 
0.25pF (1 "x ") 92p 

1.0pF 
2.2pF 

£1.56 
£1.98 

91p 
£1.32 

6075p 

0.47pF (1 'xi") £1.10 4.7pF £2.82 £1.88 £1.23 
0.5pF (1 "sr) £1.16 6.8pF £3.48 £2.32 £ 1.47 
0.68pF (2"xi £1.25 10.0pF £4.98 £3.32 
1.0pí (2"x}") £1.37 15.0pF £7.14 £4.76 £2.86 
2.00F (2"x1") £1.95 22.0pF £9.66 £6.44 £3.90 

TANTALUM BEAD CAPACITORS - Values available: 0.1, 0.22, 
0_47,1.0, 2.2, 4.7, 6.8pF at 15V/25V or 35V; 10.0pF at 16V/20V or 25V; 
22.0pF at 6V/10V or 16V; 33.00F at 6V or 10V; 47.0pF at 3V or 6V; 
100.OpFat3V. ALL AT12p EACH: 10 for £1.10; 50 for £5.00. 
TRANSISTORS: 
8C107/8/9 9p BC183/183L 11p BF194 12p BFY51 20p 

BC114 12p BC184/184L 12p BF1% 13p BFY52 20p 
,BC147/8/9 10p BC212/212L 12p BF197 13p OC71 top 
BC157/8/9 12p BC547 12p AF178 40p 2N3055 50p 

.BC182/182L 11p BC558A 12p BFY50 20p 2N3702/4 11p 
1N914 6p; 8 for 45p; 18 for 90p. 1N916 8p; 6 for 45p; 14 for 90p. 
1544 Sp; 11 for 59p; 26 for £1.00 IN4148 Sp; 6 for 27p; 12 for 48p. 

LOW PRICE ZENER DIODES: 400mW; ToI. +-5% at 5mA. Values 
available; -3V; 3.6V; 4.7V; 5.1V; 5.6V; 6.2V; 6.8V; 7.5V; 8.2V; 9.1V; 
10V; 11V; 12V; 13V; 13.5V; 15V; 16V; 18V; 20V; 22V; 24V; 27V; 30V. 
All at 7p each; 5 for 33p; 10 for 65p. SPECIAL: 100 Zeners for E6.00. 

*RESISTORS: High stability low noise carbon film 5%, } W at 40°C; 
}W at 70°C. E12 series only - from 2.20 to 2.2M0 ALL AT 1p EACH; 8p 
For 10 of any one value; 70p for 100 of any one value. SPECIAL PACK: 
10 of each value 2.20 to 2.2Mí] (730 resistors) £5.00. 

.SLLICON PLASTIC RECTIFIERS - 1.5 Amp - Brand new wire 
ended D027: 100 P.I.V.- 7p (4/26p); 400 P.I.V. - 8p (4/30p). 

BRIDGE RECTIFIERS: 2) Amp. 200V -40p; 350V - 45p; 600V - 55p. 

SUBMINIATURE VERTICAL PRESETS - 0.1W only: ALL AT 5p 
each; 500,1000, 2200, 4700,6800 1 K, 2.2K, 4.7K, 6.8K, 10K, 15K, 22K, 
47K, 100K, 220K, 680K, 1M, 2.5M, & 5M. 

PLEASE ADD 8% VAT TO ALL ITEMS EXCEPT THOSE MARKED 
WITH WHICH ARE 14%. PLEASE ADD 20p POST AND 
PACKING ON ALL ORDERS. 

Send S.A.E. for lists of additional ex -stock items. Wholesale price lists 

available to bona -fide companies. ALL EXPORT ORDERS PLEASE 

ADD COST OF SEA/AIR MAIL. 

MARCO TRADING 
Dept. P1, The Old School, Edstaston, WEM, Salop. Tel: WHIXALL (Salop) 

464/5 (STD 094872) (Props: Minicost Trading Ltd.). 

RADIO 
MODELLER 
ELECTRON I C 

MODEL RADIO CONTROL 
Detailing both Theory and Practice, this book, 
by leading authority Paul Newell, has'become 
the standard reference work. A brief historical 
survey leads up to a detailed description of 
proportional systems, with over 100 il- 
lustrations, including theoretical circuits and 
p.c. layouts for an advanced digital system. 
134 pages Price £2.25 

U.K. Packing 
& Postage 32p 

ON SALE NOW 
at all leading shops 
or direct from: - 

RADIO MODELLER 
BOOKS DIVISION, 
64 Wellington Road, 
Hampton Hill, Middx. 

theory aí16 
practice of 

MODEL 
RADIO 
COATROL 

s. 

SMALL ADVERTISEMENTS 
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London W9 1 SN 

Please insert the following advertisement in the issue of RADIO & ELECTRONICS CONSTRUCTOR 

15 words at 8p 
= £1.20 

ALL WORDING 
IN 

BLOCK LETTERS 
PLEASE 

I enclose remittance of being payment at 8p a word. MINIMUM £1.00 
Box Number, if required, 20p extra 

NAME 

ADDRESS 

Copy to be received four weeks prior to publication. Published on the 1st of every month. 
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SMALL ADVERTISEMENTS 
(Continued from page 123) 

THE RADIO AMATEUR INVALID & BEDFAST CLUB is a well established Society providing facilities for the physically handicapped to enjoy the hobby of Amateur Radio. Please become a supporter of this worthy cause. Details from the Hon. Secretary, Mrs. Rita Shepherd, 59 Paintain Road, Loughborough, Leics., LEO. 3LZ. 

WANTED: Buy or hire. Service manual for contamination meter 5CG0012. Forrester, 4 Beechcombe, Corringham, Essex. 

WANTED TO PURCHASE: American "Popular Elec- tronics" magazine for January, 1973. Good price paid. Box No. G314. 

UNIQUE "GLOBE -KING" VHF KITS. 80-180MHz. 
Receiver tuner, converter. World wide sales. Send £6.00 or s.a.e. ío, free literature. Jolmsons Radio (C), 17 Solitaire 
Avenue, Worcester, WR2 5PP. 

FOR SALE: Brand new grade one transistors. Surplus to requirements. Manufactured by well-known company.. 170-BF180, 180-BF181, 180-BF182, 180-BF183, 190- BF184, 190-BC187. 1090 transistors in all. Best offer over £50 secures. Box No. G315. 

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 Cer- 
tificates, contests and activities for the SWL and transmit- 
ting members. Monthly magazine, Monitor, containing ar- 
ticles 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 
magazines, etc., £3.75 per annum. (U.K. and British Com- 
monwealth), overseas $10.00 or £4.00. Secretary ISWL, 1 
Grove Road, Lydney, Glos., GL15 5JE. 

MULLARD COMPONENTS. Send s.a.e. for free list to P.M.S. Dept. REC1, P.O. Box 6, Crawley, Sussex, RH10 6LH. 

VALVES, RADIO, TV, Transmitting, Industrial. 1930 to 
1976. 2,500 types. Many obsolete. List 20p. S.A.E. for 
quotation. We wish to buy all types of new and boxed 
valves. Wholesalers, dealers, etc., stocks purchased. Cox 
Radio (Sussex) Ltd., The Parade, East Wittering, Sussex. 
Telephone: West Wittering 2023. 

(Continued on page 126) 

TA P E TA L K THE CLEVER WAY TO LEARN 
TWO C60 CASSETTES ENTITLED 

'INTRODUCING TRANSISTORS' 
will be sent to you by return of post for only 

£5.44 plus 55p. VAT/P.Pkg. 
TAPETALK, P.O. BOX 99 (C), 
MILTON KEYNES MK3 5BR. 
Tel: Milton Keynes (0908) 77710 

ELECTRIl{KIS 
BUILD, DISMANTLE AND REBUILD 
OVER 100 DIFFERENT PROJECTS 

AND DESIGN YOUR OWN 

CIRCUITS TOO 
Radio Receivers & Transmitters, Telephone Amplifiers, 
Time Buzzers, Battery Checkers, Computer Circuits, 
Amplifiers, Directional Transmitters, Metal Detectors, 
Continuity' Testers, Electronic Birds, Guns, Metronomes. 

sirens, Roulette, etc., etc. ALL IN ONE KIT 

IN 

educational kits of exceptional 
quality" (AUDIO mag) 

worthwhile ... good value for 
money" (EVERYDAY ELECTRONICS mag) 

Educational manuals included with each kit. No 
previous experience required. Suitable for beginners 
and experts too. 

100 project kit £ 19.60 
45 project kit £15.60 
25 project kit £12.10 

Prices include Manuals, Batteries, VAT and p&p 
Cheque/PO (or tip for illustrated literature) to DEPT. REC. 

(Add-on kits 

available too) 

Satisfaction guaranteed. 
ELECTRONI-KIT LTD, 408 St.John's Street, 

London, EC 1. [01-278 4579 ) 

0000 
C:;t (1) GC 

Become_ _-_ _-; 

a radio 
amateure 
Learn how to become a radio- 
amateur in contact with the whole 
world. We give skilled preparation 
for the G.P.O. licence. 

WAA 
7 Brochure, without obligation to: 

BRITISH NATIONAL RADIO 
& ELECTRONICS SCHOOL, Dept 

P.O.Box 156, Jersey, Channel Islands. 

REK 96 

NAME 

ADDRESS 
Ielock cats please) 
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PLAIN -BACKED 
NEW STYLE 

SELF -BINDERS 
for your other magazines 

(max. format 7z" x 94") 

The "CORDEX" Patent Self -Binding 
Case will keep your copies in mint 
condition. Issues 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 RESILI- 
ENCE 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 over- 
stretch the springs, as a safety check 
device is fitted to each. 

COLOURS: MAROON OR GREEN 
(If choice not stated, colour available will be sent) 

PRICE 95p P. & P. 25p 

Available only from: 

Data Publications Ltd, 
57 Maida Vale London W9 1SN 

SMALL ADVERTISEMENTS 
(Continued from page 125) 

FREQUENCY LIST TRANSFERS. We have a limitea 
supply of sheets of Dial Frequency Transfers in black. 
Short Wave frequencies 1.8Mc/s to 32Mc/s and 144Mc/s 
and 146Mc/s. Includes amateur band marker frequencies 
at 100kc/s points and other short wave frequencies from 2 
to 32 Mc/s at every 500Rc/s points. Each frequency is 
repeated. Two sheets for 5p., five sheets for 10p., postage 
6p. Data Publications Ltd., 57 Maida Vale, London, W9 
1SN. 

BOOKS TO CLEAR. 110 Operational Projects by R. M. Marston, 1975, £1.50; Popular Electronics and Computers 
by F. G. Rayer, 1968, £1.00; Radio Experiments by F. G. 
Rayer, 1968, 50p; Beginners Guide to Transistors by J. A. 
Reddihough, 1975, £1.00; Television Engineering by Amos, Birkinshaw & Green, 1969, £2.00; Radio & Line 
Transmission by Danielson & Walker, 1969, £1.50; Elec- tric Model Car Racing by D. J. Laidlaw-Dickson, 1965, 60p; Radio Communication by J. H. & P. J. Reyner, 
1962, £2.00. All prices include Postage and Packing. Box 
No. G316. 

FOR SALE: Selected range of popular transistors, diodes 
and I.C.s. For free price list write to: Leo's Electronics, 147 
Millais Road, London Ell 4EZ. No callers please. 

PRACTICAL TEST EQUIPMENT. Build your own test equipment with this exciting new book by G. C. Dobbs. 
Complete constructional details for seven reliable in- 
struments. 75p plus 10p P&P. Georgian Press, 8 Redgates Court, Calverton, Nottingham. 

POSTAL ADVERTISING? This is the Holborn Service. 
Mailing lists, addressing, enclosing, wrapping, facsimile 
letters, automatic typing, copy service, campaign planning, 
design and artwork, printing and stationery. Please ask for 
price list. - The Holborn Direct Mail Company Capacity 
House, 2-6 Rothsay Street, Tower Bridge Road, London, 
S.E.1. Telephone: 01-407 6444. 

UFO (FLYING SAUCER) CIRCUITS. Interesting pro- 
jects for the purely scientific experimenter, including 
valve and transistor set ups for the observer. Circuit 
diagrams are complete and cost £1.30 per set. RADIO 
CONTROL. Transistor and valve circuits and building 
plans for radio control models, including model ships or 
boats, aircraft models, etc. Also some plans for additional 
equipment for pleasure boat owners, to instal in their own 
craft. D. G. Harrington, 'Carnbrae', 25 Poynter Road, 
Bush Hill Park, Enfield, Middlesex. 

PERSONAL 

JANE SCOTT FOR GENUINE FRIENDS. Introduc- 
tions to opposite sex with sincerity and thoughtfulness. 
Details free. Stamp to: Jane Scott, 3/Con North St. 
Quadrant, Brighton, Sussex, BN1 3GJ. 

DISABLED YOUNG MAN looking for electronic wiring 
assembly (outwork) for assembly in his home workshop. 
Box No. G307. 

(Continued on page 127) 
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OVER 2,000 ELECTRONIC COMPONENTS INA 

SMALL ADVERTISEMENTS 
(Continued from page 126` 

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk 
Broads, why not help to preserve these beautiful water- 
ways. Join the Broads Society and play your part in deter- 
mining Broadlands future. Further details from: - The 
Hon. Membership Secretary. The Broads Seciet\. 
"lcknie1d," Hilly Plantation, Thorpe St. Andrew, 
Norwich, NOR 85S. 

ESSEX GARDENERS. Buy your Bedding and rock 
plants, shrubs, etc., also cacti from May's Nurseries, 608 
Rayleigh Road, Hutton, Brentwood, Essex. Callers only. 
Monday to Saturday. 

SPONSORS required for exciting scient<:fiç project. 
Norwich Astronomical Society are building a 30" telescope 
to be housed in a 20' dome of novel design. All labour being 
given by volunteers. Already supported by Industry and 
Commerce in Norfolk. Recreational. EducationaLYou can 
be involved. Write to: NAS Secretary. The Manse, Back 
Lane, Wymondham, Norfolk. 

100 PAGE CATALOGUE 

Please send me 
the 100 page 
Tandy catalogue 

IAddress 

Tß#111 
I REC/2 

f Tandy Cotpotaoon (Branch UK). Bllston Road, :8:1 

51 

Wednesbury. W. Midlands WSIO 7JN. 
Nationwide supermarket of sound! L J 

Give for those who Gave 

WINGS APPEAL 

During September 

'NULLARD FERRITE CORES -- LA3 100 to S00 kHz, - 

44p; LA5 30 to 100 kHz, 81p; LA7 c10 kHz, 81p: 
LA13 for W.W. Oscilloscope, £1.50. 
SPECIAL OFFER - Metallised Polyester Capacitors by Erie, 
Mullard, etc. Values include: .01/160V, -01/250V, 
01.5/160V, 022/160V, 033/160V, .047/160V, 068/160V, 
1/160-250V, 22/160V, etc. This is a bargain not to be 
missed. 100 for £2.00. 
1 N4148 SWITCHING DIODES, 10 for 30p; 50 for £1.26; 
100 for £1.50; 1,000 'for £10.00 
TRANSISTORS - All branded BC147, BC148, BC149, 
BC157, BC158, BC159, BF194, BF195, BF196, ßF197, 
Sp +each or 100 for 8.00. 

Please note all prices include UK Postage and 
appropriate VAT @ 8% or 12,i% 

MAIL ORDER ONLY 
XEROZA RADIO 

1 EAST STREET. BISHOP'S TAWTON, DEVON 

TAPETALK 
'The 
CLEVER 
Way 
to 
LEARN. 

This Month's $pecralOffer: 
TWO C60 Cassettes entitled 

INTRODUCING ELECTRONICS 
will be sent to you by return of post for only 

£5.44 plus 55p VATIP. Pkg. 

TAPETALK, P.O. Box 99 (C) 
Milton Keynes MK3 5BR 

Tel: Milton Keynes (0908) 77710 

express component service 
same day turn round 
High Spec Components 
FAST 
S.A.E. Stocklist 
Post Free Order Service 
Super Express Phone Service 
Shop 6 Days Per Week 
Example Price: BC 108 - 10p 

orchard electronics in 
Flint House, High Street, 
Wallingford, Oxon 
Tel: 10491) 35529. Telex: 4SP WALFRD 849349 

.r 

THE O - EN DOOR TO QUALITY 

"l`»1E1.ETR.::,,_,,.< 

: :........ "..ti:i,.........nr... 

This catalogue - Electrovalue Catalogue No. 8 (Issue 2, 
updated) offers items from advanced opto electronic 

components to humble (but essential) washers. Many things 
listed are elsewhere very difficult to obtain. The company's 
computer is programmed to expedite delivery and maintain 

customer satisfaction. Attractive discounts are allowed on 
many purchases. Access and Barclaycard orders are accepted. 
+FREE POSTAGE on all C.W.O. mail orders over £2.00 list 

value (excluding V.A.T.) in U.K. If under, add 15p handling 
charge. 

I '1.1 U 

144 pages 
Post paid 

40p 
inc. refund 

voucher 
worth 
40p 

All communications to Dept SECS 
29 St Jota RR En9Yfield 

644 ar 
s9m3 

0E. 
m.p 

mS 

oSrraryh 1W20 Pharr Edw. 3603. 
TRMoM0# 26 

Ban5ch.Se1 Borarpe Lme. Be OP. 519 tIMelee:h9a: IBstl 632 6966. 
Shop harp-. 9.5.30 pa. 9-1 y 5ah In 5 050 ,aa en to e0,.0 
ELECTROVALOE AMERICA P0.331. Patahora,ph 5603459. 
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RADIO & ELECTRONICS CONSTRUCTOR 
Single Copies 

Price 35p each, postage lip 
Issue(s) required 

Annual Subscription 
Price £5.00, post free, commence with issue 

Bound Volumes: 
Vol. 25. August 1971 to July 1972. Price £2.00, post & pkg 7'5p 
Vol. 27. August 1973 to July 1974 Price £2.40, post & pkg 75p 
Vol. 28. August 1974 to July 1975 Price £2.75, post & pkg 75p 

CORDEX SELF -BINDERS 
With title, 'RADIO & ELECTRONICS CONSTRUCTOR' on spine, 

maroon only Price £1.00, post & pkg 25p 
With no title on spine, maroon Price 95p, post & pkg 25p 
With no title on spine, green Price 95p, post & pkg 25p 

Prices include V.A.T. 

DATA BOOK SERIES 
DB5 TV Fault Finding, 132 pages Price 90p, P. & P. 18p 

DB6 Radio Amateur Operator's Handbook, 
88 pages Price 70p, P. & P. 12p 

DB17 Understanding Television, 504 pages Price £3.25, P. & P. 60p 
DB18 Audio Amplifiers, 124 pages Price 53p, P. & P. 15p 

DB19 Simple Short Wave Receivers 
140 pages Price 80p, P. & P. 18p 

STRIP -FIX PLASTIC PANEL SIGNS 
Set 3: Wording -- White Price 75p, P. & P. 7p 

Set 4: Wording Black Price 50p, P. & P. 7p 
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