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In this introduction to semiconductor devices, the author provides a 
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Following a summary of the physical basis of semiconductor elements - 
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transistors leads to considerations of monolithic integrated circuits. 
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WILMSLOW AUDIO 
THE Firm for speakers! 

SPEAKERS 
f®aka- 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 G 12 8 or 15 ohms, 
Celestion G 12/50 8 or 15 ohms 
Celestion G 12/50TC 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 
Coles 4001 Gek 

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

EMI 14 x 9 Bass 8 ohms 14A770 
EMI 8 x 5, 10 watt, d/cone, roll surr. EMI 61" d/cone, roll surr. 8 ohms 
Elac 59RM109 (15) 59RM114 (8) 
Elac 6f" d/cone, roll surr. 8 ohms 
Elac 10" 1ORM239 8 ohms 
Eagle FR4 
Eagle FR65 
Eagle FR8 
Eagle FR10 
Eagle HT15 
Eagle HT21 
Eagle MHT10 
Eagle FF28 multicell. horn 

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 
Fane Crescendo 12BL, 8 or 16 ohms 
Fane Crescendo 15/100A, 8 or 16 ohms 
Fane Crescendo 15/125, 8 or 16 ohms 

SPEAKERS 
£13.00 Fane Crescendo 18, 8 or 16 ohms £14.50 Fane 910 Mk.11 horn 
£14.00 Fane 920 Mk.11 horn 
£18.62 Fane HPX1 crossover 200 watt £17.50 Fane 13 x 8, 15 watt dual cone 
£15.00 Fane 801T 8" d/c, roll surr. 
£22.50 Goodmans Axent 100 
£ 12.50 
£14.65 
£19.41 

£9.28 
£ 12.95 
£ 15.95 
£ 18.00 
20.00 

Goodmans Audiom 200 8 ohms 
Goodmans Axiom 402 8 or 15 ohms 
Goodmans Twinaxiom 8, 8 or 15 ohms 
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 £26.95 Goodmans 15AX 8 or 15 ohms £39.95 Goodmans 15P 8 or 15 ohms £6.98 Goodmans 18P 8 or 15 ohms £8.55 Goodmans Hifax 750P 

£13.50 Goodmans S" midrange 8 ohms 
£5.90 Gauss 12" 

£29.95 Gauss 15" 

£6.95 
Gauss 18" 

£19.95 Jordan Watts Module, 4, 8 or 15 ohms £15.36 
£4.75 Kef T27 

Kef T15 
£11.92 Kef 8110 

£3.75 Kef 8200 
£3.93 

Kef 8139 £3.95 
Kef DN8 £3.95 
Kef DN12 £3.95 
Kef DN13 SP1015 or SP1017 £5.51 

£8.95 Lowther PM6 
£11.95 Lowther PM6 Mk.l 
£14.06 Lowther PM7 
£3.96 Peerless K010DT 4 or R ohms 
£4.95 Peerless DT1OHFC 8 ohms 
£4.00 Peerless K040MRF 8 ohms 
5.95 Peerless MT225HFC 8 ohms 

Richard Allan CA12 12" bass 
£5.50 Richard Allan HP88 
£9.75 Richard Allan LP8B 

£12.50 Richard Allan DT20 
£16.75 Richard Allan CN8280 
£19.95 Richard Allan CN820 
£21.75 Richard Allan Super Disco 60W 12" 
£33.95 Coles 4001 G&K 
£42.95 Tannoy 10" Monitor HPD 
£44.95 Tannoy 12" Monitor HPD 
£54.95 Tannoy 15" Monitor HPD 
£64.95 Wharfedale Super 10 RS/DD 8 ohms 

COMPLETE KITS IN STOCK FOR 
RADFORD STUDIO 90, RADFORD MONITOR 180, RADFORD STUDIO 270, RADFORD STUDIO 360, HIFI ANSWERS MONITOR (Rogers), HIFI NEWS NO COMPROMISE (Frisby), HI FI NEWS STATE OF THE ART, WIRELESS WORLD TRANSMISSION LINE (Belley), 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 

£75.95 SPEAKER KITS 
£15.75 Baker Major Module 3, 8 or 15 ohms each £13.50 
£45.5 Goodmans DIN 20 4 or 8 ohms each £15.75 r Goodmans Mezzo Twin kit pair £51.95 

£5.50 Helme XLK 20 pair £17.50 
£8.96 

Helme XLK 30 pair £21.95 
£8.50 

Helme XLK 35 pair £26.75 
£14.95 

Helme XLK 40 pair £38.50 
£22.00 

KEFkit 1 pair £53.50 KEFkit Ill £10.60 eachp £54.0, 
Peerless 1060 pair í54.0Ö £6.50 Peerless 1070 each £46.50 £6.95 Peerless 1120 each £54.00 £16.50 Peerless 2050 pair (39.50 f 17.75 Peerless 2060 pair £53.00 £18.75 Richard Allan Twin assembly each £13..95. £44,00 Richard Allan Triple 8 each £20.75 

£49.00 Richard Allan Triple 12 
£24.00 Richard Allan Super Triple each £29.50 
£39.95 Richard Allan RA8 Kit paireach £37.80 
£16.00 Richard Allan RA82 Kit pair £59.4£25.95 t £4.05 Richard Allan RA82L Kit pair 65 70 £95.00 Wharfedale Glendale 3XP Kit £110.00 Denton 2XP Kit 

pair £49.50 
£121.00 Wharfedale Linton 3XP Kit 

pair £23.25 
pair £34.25 

£5.18 HI-FI 
£10.75 ON DEMONSTRATION 
£6.75 In our showroom.: 
£7.85 Akai, Armstrong, Bowers & Wilkins, Castle, 

£16.95 Celestion, Dual, Goodmans, Kef, Leak, Pioneer, 
£2.08 Radford, Richard Allan, Rotel, Tandbera. Trio, 
£5.39 Videotone, Wharfedale, etc. 
£4.05 -Ask for our HiFi pries lash 

£32.00 
£35.00 
£48.60 
£8.25 
£9.50 
£9.95 
£3.40 

£ 19.80 
£ 12.50 

£.8.50 
£6.25 

£ 16.95 
£3.15 

£16.95 
£ 5.90 

£78.00 
£86.00 
£99.95 
£13.50 

ROTEL RX 202 Mk. Il 
VIDEOTONE MINIMAX II 

'VIDEOTONE SAPHIR II 
PIONEER SX 450 
SANSUI SC 2000/2002 

THIS MONTH'S SPECIALS (Can. £2.00) 
£72.95 
97.50 
£43.00 
£49.00 

£116.00 
£ 149.70 

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. 
ALL PRICES INCLUDE VAT 

(Prices correct at 16/12/76) 
Send stamp for free 38 -page booklet 

"Choosing a Speaker" 
All units guaranteed new and perfect 

C iage insurance 
Speakers up to 12" 6Op;t12" £1.00; 15" £1.75; 18" £2.50; Kits £1.00 each (£2.00 per pair); Tweeters & Crossovers 33p each. 

WI LMSLOW 
AUDIO 

DEPT REC 
LOUDSPEAKERS, MAIL ORDER AND EXPORT SWAN WORKS, BANK SQUARE. WILMSLOW HIFI, RADIO & TV: SWIFT OF WILMSLOW, 6 SWAN STREET. WILMSLOW CHESHIRE 

PA, HIFI & ACCESSORIES: WILMSLOW 
AUDIO, 10 SWAN STREET, WILMSLOW 

CHESHIRE 
TELEPHONE: LOUDSPEAKERS, MAIL ORDER AND EXPQRT WILMSLOW 29599 HIFI, RADIO ETC.. WILMSLOW 26213 

Access & Barclaycard Orders 
accepted by phone 
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AF 25 
AF 30 
AF 300 
AF 310.3 
AF 340 
AF 380 
AT 5 

AT 30 
AT 50 
AT 56 
AT 320 
AT 325 
AT 347 
AT 365 
AT 405 

' AT 460 
AT 465 
AT 466 
AT 468 
GP 304 
GP 310 
GP 340 
GU 330 
HF 61 

. .HF 65 
HF 305 
HF 310 
HF 3252 
HF 330 
HF 375 
HF 385 
HF 395 
LF 380 
M 310 
M 350 
M 360 
M 390 
M .391 
M 392 
M 393 
M 402 
NT 300 
NT 305 
NT 311 
Ni '15 
NT 330 
NT 400 
Ni 410 
N T 415 

Announcement 
Electronic 

Construction 

Kits for 1976/77 

Mixer .. .. .. .. .. 

Pre -amplifier .. .. .. .. 
3 Watt audio amplifier .. .. .. .. 
Power amplifier .. .. 
40 watt AF. power amplifier .. Q .. .. 
2 Watt IC universal amplifier .. .. 
Automatic light control .. .. .. .. 
Photo -cell amplifier .. .. .. .. .. 

Triac AC regulator up to 440W .. .. .. 
Triac AC regulator up to 2200W .. .. 
All-round AC/DC regulator o .. 
Interval and flasher unit .. .. .. 
Electronic Roulette .. 
Light show .. .. .. .. .. 
Low-cost light;lreat control .. .. .. 
Monolite .. Q 
Superlitu .. .. .. .. .. .. 
Strobolite .. .. .. .. .. 
Ouadrolito 
Main circuit unit .. .. .. .. .. 
Hi-Fi pre -amplifier .. .. 
Hi-Fi pre -amplifier .. .. .. .. 
Guitar tremolo 
Diode medium wave reclouer .. . 

FM transmìterlSignal Test Generator .. 
Amateur band 2 metre VHF 144 MHZ converter 
FM tuner .. .. .. .. .. 
FM tuner module .. .. .. .. 
Stereo decoder .. .. .. .. .. 

Mini FM receiver .. .. _ .. 
VHF/UHF aerial amplifier .. .. .. 
Aerial amplifier AM -FM .. 
4d-sterrro .: .. .. .. .. .. .. 

Stereo VU rïiodulc .. .. 
S -meter module/amplifier .. .. .. .. 
Multivibratorisignal generator .. .. 
Dial module (meter not included) .. .. 
VU module (meter not included) . .. 
Balance module (meter not included) .. .. 
Timing module (meter not included) .. 
Semi -conductor tester for diodes/transistors .. 
Power pack (transformer riot included) .. .. 
Voltage converter .. .. .. _ .. 
Voltage converter .. .. .. .. 
Power pack .. .. .. .. .. .. 
Power pack .. 
Power Supply (transformer not included) .. 

Power supply .. . .. 
Power supply (1rulclo rirai nul luc.ludod) .. 

2 50 
2 30 
6 10 
5 º0 
8 95 
3 25 
3 10 
5 25 
3 70 
5 55 

10 75 
7 20 
8 75 

17 00 
2 75 

10 80 
17 10 
20 45 
19 45 

4 55 
24 60 
29 10 

5 65 
4 30 
250 
6 70 

11 50 
19 85 

6 70 
295 
5 80 

1 50 
8 45 
4 30 
2 95 
/d0 
255 
1 60 

.. 2 10 

.. 2 60 

.. 4 50 

.. 10 15 
4 40 
2 80 

8 75 
4 70 

17 15 
4 50 

.. 8 45 

Please enclose 25p for p & p with order. 

Send for free Catalogue to: 

JOSTYKIT (UK) LTD., Mail Order Division 

P.O. Box 68, Middlesborough, 

Cleveland, TS15D0 

NAME 
ADDRESS 

'Pt 
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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 growing 
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 tei lanical know 
how you need. Specially 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 obligation. 

POST 

TODAY FOR 

FREE BOOK 

It 

To: ALDERMASTON COLLEGE 
CRE 25 

DEPT. Crie 25, READING RG7 4PF 

Also et our London Advisory Office, 4 Fore Street 

Avenue, Moorgate, London, EC2Y 5EJ Tel: 01-828 2721. 

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

me free details ® plus your blg, 44 -page book that telle 

about all your courses. 

NAME 

ADDRESS 

POSTCODE 

HOME OF BRITISH INSTITUTE Of ENGINEERING IECHNOIOGY 
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1111-1, 

OUR PRICE 

£20.45 
The 450 Tuner 

t the touch of a button ensuring paccud atees ntunintg ofg4apre selectedm 
selection 

astations, any of which may be altered as often as you choose, by simply changing the settings of the pre-set controls. 
Used with your existing audio equipment or with the BI -KITS STEREO 30 or the MK60 Kit etc. Alternatively the PS12 can be used if no suitable supply is available, together with the Transformer T461. 

The S450 is supplied fully built, tested and aligned. The unit is easily installed using the simple instructions supplied. 

AL 
VAT 
ADD 

12%z% 

Max Heat Sink temp 90C. Frequency response 20Hz to 100kHz Distortion better then 0.1 at 1kHz Supply voltage 15-50v. Thermal Feedback Latest Design Improvements Load - 3, 4, 5 or 16ohms. Signal to noise ratio 80db Overall size 63mm. 105mm. 13mm. 
Especially designed to a strict specification. Only the finest com- ponents have been used and the latest solid-state circuitry incor- porated in this powerful little amplifier which should satisfy the most critical A.F. enthusiast. 

£4.35 
Stabilised Power Supply Type SPM80 
SPM80 is especially designed to power 2 of the AL60 Amplifiers, up to 15 watts (r.m.s.) per channel simultaneously. With the addi- tion of the Mains Transformer BMT80, the unit will provide out- puts of up to 1.5A at 35V. Size: 63mm. 105mm. 30mm. Incor- porating short circuit protection. 
Input Voltage: 33-40 V.A.C. 
Output Voltage: 33V D.C. Nominal Output Current: 10mA-1.5 amps Overlead Current: 1.7 amps approx. Dimensions: 

105mm x 63mm x 30mm Transformer BMT80: 
£2.60 + 62p postage £3.75 

High quality modules 
for stereo, mono and 

other audio equipment 

PUSH-BUTTON 

STEREO FM T 
Fitted with Phase Lock -loop Decoder 
* FET Input Stage Typical Specification: * VAR I -CAP diode tuning Sensitivity 39 volts * Switched AFC Stereo separation 30db * Multi turn pre-sets Supply required 20-30v * LED Stereo indicator at 90 Ma max. 

STEREO 
PRE -AMPLIFIER PA 100 

A top quality stereo pre -amplifier and tone control unit. The six push- button selector switch provides a choice of inputs together with two really effective filters for high and low frequencies, plus tape output. 
Frequency response + (dB 20Hz-20KHz 
Sensitivity of inputs: 

1. Tape input 100mV into 100K ohms 
2. Radio Tuner 100mV into 100K ohms 
MK60 AUDIO KIT: Comprising: 2 x ALSO. 1 x SPM80. 1 x 

P.&P. 45p front panel and knobs. 1 Kit of parts to include on/off switch,P eonn0in- dicator, stereo headphone sockets plus instruction booklet. COMPLETE PRICE £29.55 plus 82p postage. 
TEAK 603 AUDIO KIT: comprising: Teak veneered cabinet size 16*" x z x 3, , other parts include aluminium chassis, heatsink and front 
Panel bracket plus back panel and appropriate sockets etc. KIT PRICE £10.70 plus 82p postage. 

3. Magnetic P.U. 3mV 
into 50K ohms 

P.U. Input equalises to R1AA 
curve within 1 dB from 20Hz 
to 20KHz. Supply - 20 - 35V 
et 20mA. 
Dimensions: 

299mm x 89mm x 35mm 

13.75 

TEREO 31) 
COMPLETE AUDIO' 
CHASSIS 

7+7 WATTS R.M.S. The Stereo 30 
The e and 

comprises a complete stereo pre -amplifier, power power supply. This, with only the addition of a transformer or overwind will produce a high quality audio unit suitable for use with a 
wide range of inputs i.e. high quality ceramic pick-up, stereo tuner, stereo 
tape deck, etc. Simple to install, capable of producing 

reallresults, 
this unit is supplied with full instructions, black front panfel, knobs,class 

mains switch, fuse and fuse holder and universal mounting brackets 
enabling it to be installed in a record plinth, cabinets of your own con- 
struction or the cabinet available. Ideal for the beginner or the advanced 
constructor who requires Hi-Fi performance with a minimum of installa- 
tion difficulty (can be installed in 30 minutes). 
TRANSFORMER £2.45 

plus 62p p&p 
TEAK CASE £5.25 plus 62p p&p ' r 

P. & p. 45p 
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PO BOX 6 BI_PAK WARE HERTS 

SEMICONDUCTORS 
POSTAGE & PACKAGE 
Please add 25p. Overseas 
add extra for airmail 
Minimum order £1. 

74 SERIES 
HI IC's 

Type Quantity00 Type 

£ p £ p 

7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7416 
7417 
7420 
7422 
7423 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 
7442 
7443 
7444 
7445 
7446 
7447 

0.09 0.08 
0.11 0.10 
0.11 0.10 
0.11 0.10 
0.11 0.10 
0.11 0.10 
0.28 0.25 
0.28 0.25 
0.12 0.11 
0.12 0.11 
0.09 0.08 
0.22 0.20 
0.22 0.20 
0.26 0.25 
0.28 0.25 
0.26 0.25 
0.11 0.10 
0.19 0.18 
0.21 0.20 
0.25 0.23 
0.25 0.23 
0.25 0.23 
0.36 0.34 
0.12 0.10 
0.20 0.19 
0.38 0.36 
0.26 0.25 
0.26 0.25 
0.12 0.10 
0.60 0.57 
0.60 0.52 
0.95 0.90 
0.95 0.90 
0.80 0.75 
0.80 0.75 
0.70 0.68 

7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
7482 
7483 
7484 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
74100 
74104 
74105 
74107 
74110 
74111 
74118 
74119 
74121 

Quantity 
t 100 

£ p £ p 

SECOND 
GREAT WINTER 
SALE! 

0.70 0.68 
0.12 0.10 
0.12 0.10 
0.12 0.10 
0.12 0.10 
0.12 0.10 
0.24 0.23 
0.20 0.19 
0.26 0.22 
0.24 0.23 
0.44 0.40 
0.26 0.25 
0.45 0.42 
0.90 0.88 
0.75 0.73 
0.88 0.82 
0.85 0.80 
1.10 1.00 
0.28 0.26 
2.70 2.50 
0.38 0.32 
0.65 0.62 
0.43 0.35 
0.38 0.35 
0.70 0.68 
0.60 0.58 
0.70 0.68 
0.95 0.90 
0.40 0.35 
0.30 0.25 
0.30 0.25 
0.48 0.45 
0.75 0.72 
0.85 0.82 
1.30 1.20 
0.28 0.26 

Type Quantity 
1 100 

£ p £ p 

74122 
74123 
74141 
74145 
74150 
74151 
74153 
74154 
74155 
74156 
74157 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74174 
74175 
74176 
74177 
74180 
74181 
74182 
74184 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 

0.45 
0.65 
0.68 
0.75 
1.10 
0.65 
0.70 
1.20 
0.70 
0.70 
0.70 
0.95 
0.95 
0.95 
0.95 
1.20 
1.20 
1.20 
1.10 
0.85 
1.10 
1.10 
1.10 
1.90 
0.80 
1.50 
1.40 
1.40 
1.10 
1.05 
1.05 
0.80 
0.90 
0.90 
1.90 
1.80 

0.42 
0.62 
0.65 
0.72 
1.05 
0.60 
0.68 
1.10 
0.68 
0.68 
0.68 
0.85 
0.85 
0.85 
0.85 
1.10 
1.10 
1.10 
1.00 
0.82 
1.00 
1.00 
1.00 
1.80 
0.78 
1.40 
1.30 
1.30 
1.00 
1.00 
1.00 
0.75 
0.85 
0.85 
1.80 
1.70 

Devices may be mixed to qualify for quantity price. Data is 

available for the above series of IC's in booklet form 
Price 35p 

LINEAR IC's 
TBA 800 75p 
72709 14 pin OIL 20p 

741P 8 pin DIL 18p 
72747 14 pin DIL 36p 

748P 8 pin DIL 25p 
NE 555 Timer 38p 
NE 556 Dual Timer 78p 

IC SOCKETS 
BPS 8 8 pin 1611 gp 
BPS 14 14 Pin 161210p 
BPS 16 16 pin 161311p 

TRIACS 
2A/400 T05 
Order No. Price 
TR12A/400 50p 
10A/400 Plastic 
Order No. Price 
TR110A/400P 80o 

ZENER PAKS 
400mW 
PAK No: 
1 containing 20 3v -10v 
2 containing 20 11v -33v 
£1.00 PER PAK* 

DIACS 
BR100 15p 
D32 15p 

CAPACITOR PAKS 
16201 18 Electrolytics 47 uF-10 uF 
16202 18 Electrolytics 10 uF-100uF 
16203 18 Electrolytics 100uF-680uF 

BUY ONE OF EACH 

Special Price £1.20* the 3 

16160 24 Ceramic Caps 22pf-82pf 
16161 24 Ceramic Caps 100pf-390pf 
16162 24 Ceramic Caps 470pf-3300pf 
16163 21 Ceramic Caps 4700pf-0.047uF 

BUY OF OF EACH 
Special Price f1.60* the 4 

RESISTOR PAKS 
16213 1/8th 100ohm-820ohm 
16214 1/8th 1K-8 2K 
16215 1/8th 10K-8 2K 
16216 1/8th 100L -1M 

BUY ONE OF EACH 

Special Price £1.60* the 4 

TRANSISTORS 
AC128 10p 0C44 12p 
AC153K 18p 0C45 12p 
AC176 19p 0071 9p 
AC176K 22p 0072 14p 
AC187K 22p 0081 14p 
AC188 12p ZTX107 6p 
AC188K 22p ZTX108 6p 
BC107 6p 2TX109 6p 
BC108 6p ZTX300 7p 
BC109 6p ZTX301 7p 
BC118 10p ZTX302 9p 
BC154 16p ZTX500 8p 
BC147 8p ZTX501 10p 
BC148 Sp ZTX502 12p 
BC149 8p 2N696 
BC157 10p 2N697 
BC158 lOp 2N706 
BC159 l0p 2N706A 
BC169C 10p 2N708 
BC170 6p 2N1613 
BC171 6p 2N1711 
BC172 6p 2N1893 
BC177 12p 2N2217 
BC178 12P 2N2218 
BC179 12p 
BC182L & K 

9p 
9p 
9p 

& K 

10p 
10p 
10p 

6p 
12p 
12p 
11P, 
11p 

10p 
10p 
10p 
9p 
9p 

BC183 
BC184 
BC212L 

BC213 
BC214 
BC251 
BC327 
BC328 
BC337 
BC338 
BF115 
BF167 
BF173 
BF194 
BF195 
BF196 
BF197 
BF198 
BF199 
BF257 
BF258 
BF259 
BFX29 
BFX84 
BFX85 
BFX86 
BFY50 
BFY51 
BFY52 
BFY53 

10p 
11p 

7p 
8p 
8p 

15p 
15p 
18p 
18p 
15p 

2N2218A 18p 
2N2219 15p 

2N2219A 18p 
2N2221 15p 
2N2221A 16p 
2N2222 15p 
2N2222A 16p 
2N2369 12p 
2N2369A 12p 
2N2904 14p 
2N2904A 15p 
2N2905 14p 
2N2905A 15p 
2N2906 12p 

2N2906A 14p 
2N2907 12p 
2N2907A 13p 
2N2926G 

12p 8p 
12p 2N2926Y 
12p 7p 
12p 2N3053 14p 
26p 2N3055 38p 
29p 2N3702 7p 
34p 2N3703 7p 
18p 2N3704 6p 
15p 2N3705 6p 
20p 2N3706 7p 
20p 2N3903 11p 
12p 2N3904 '11p 
12p 2N3905 11p 
12p 2N3906 11p 
12p 2N5172 9p 

D.I.Y. PRINTED 
CIRCUIT KIT 

Contains 6 pieces copper 
laminate, box of etchant 
powder and measure, 
tweezers, marker pen, high 
quality pump drill, Stanley 
knife & blades, ó" metal 
rule. FULL easy to follow 

instructions. 
SALE £5.50 

DIODES 
0A47 5p 
OÁ81 5p 
0A85 6p 
0491 5p 
04200/ 
BAX13 5p 
0A202/ 
BAX16 5p 
IN914 4p 
IN4148 4p 
1N4001 3p 
IN4002 4p 
1N4003 5p 

OOOOOOOO . ' 

N4004 
N4005 
N4006 
N4007 
N5400 
N5401 
N5402 
N5403 
N5404 
N5405 
N5406 
N5407 
N5408 

VAT 
Add 8% 

Add 12% to 
items 

marked° 

6p 
6p 
7p 
8p 

11p 
12p 
13p 
14p 
15p 
16p 
17p 
18p 
20p 

VOLTAGE REGULATORS 
MVR 7805 85p 
MVR 7812 85p 
MVR 7815 85p 

OPTOELECTRONICS 
LED DISPLAYSOrder No. 
DL707 0.3"" 1510 
DL747 0.6"' 1511 

LED's Order No. 
TIL209 RED .125 1501 
FLV117 RED .2" 1504 

5 of either 50p 
PHOTO DEVICES 

Order No. 
ORP12 1515 
OCP71 PAK of 5 1520 

THYRISTORS 
TO5 
1A/50 PIV 
1A/400 PIV 
1A/600 PIV 
TO66 
5A/50 PIV THY 5A/50 25p 
5A/400 PIV THY 5A/400 40p 
5A/600 PIV THY 5A/600 50p 
TO48 
16A/50 PIV THY 16A/50 40p 
16A/400 PIV THY 16A/400 60p 

UNIJUNCTION 

Price 
0.70 
1.50 

Price 
38p 

£1 

Order No. 
THY 1A/50 
THY 1A/400 
THY 1A/600 

UT46ITIS 43 

F.E.T. 
2N3819 15p 

ORDERING 
Please word your 
orders exactly as 

printed not 
forgetting to 

'include our part 
number 

18p 

Price 
18p 
32p 
38p 
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by W. A. L. Smith PRICE: 85p 
THE HANDBOOK OF ELECTRONIC TABLES ELECTRONICS & RADIO 
by M. Clifford PRICE: £1.70 by M. Nelkon PRICE: £3.10 
TEST INSTRUMENTS FOR ELECTRONICS ELECTRONIC SYSTEMS FOR RADIO, T.V. 
by M. Clifford PRICE: £2.10 & ELECTRONICS MECHANICS 

by R. Lewis PRICE: £3.45 
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 INP 
Telephone 01-723 4185 

THE MODERN BOOK CO JUST PUBLISHED NEW FIFTH EDITION 
RADIO COMMUNICATION HANDBOOK 

VOL. 1 - R.S.G.B. PRICE £8.10 ELECTRONIC CALCULATOR USERS HANDBOOK 110 ELECTRONIC ALARM PROJECTS FOR THE by M. H. Babani PRICE: £1.20 HOME CONSTRUCTOR 
PROJECT PLANNING & BUILDING by R. M. Marston PRICE: £3.20 by M. A. Colwell PRICE: £2.25 THE CATHODE-RAY OSCILLOSCOPE & ITS USE SIMPLE CIRCUIT BUILDING by G. N. Patchett PRICE: £4.00 
',y P. C. Graham PRICE: £2.25 PRINCIPLES OF TRANSISTOR CIRCUITS 
PRACTICAL ELECTRONIC PROJECT BUILDING by S. W. Amos PRICE: £4.45 
by A. C. Ainslie PRICE: £2.25 COLOUR T.V. WITH PART. REF. TO THE 
TRANSISTOR POCKET BOOK PAL SYSTEM 
by R. G. Hibbard PRICE: £4.40 by G. N. Patchett PRICE: £5.40 
110 OPERATIONAL AMPLIFIER PROJECTS COLOUR T.V. PICTURE FAULTS 
FOR THE HOME CONSTRUCTOR by K. J. Bohlrnan PRICE: £2.75 
by R. M. Marston PRICE: £2.75 PRINCIPLES OF PAL COLOUR T.V. & 
STEREO F.M. RADIO HANDBOOK RELATED SYSTEMS 
by P. Harvey PRICE: £3.00 by H. V. Sims PRICE: £2.50 
RADIO SERVICING PROBLEMS THE OSCILLOSCOPE IN USE 

by I. R. Sinclair PRICE: £2.80 

Comprising 
776 pages 
inc. index 

i 

LATEST BOUND VOLUME No. 29 
of 

"Radio & Electronics 
Constructor" 

AUGUST 1975 
to JULY 1976 

FOR YOUR LIBRARY 

NOW AVAILABLE 

PRICE £3.10 P&P 75p 

BOUND VOLUME No. 27 (August 1973 to July 1974) PRICE £2.40 p. & p. 76p BOUND VOLUME No. 28 (August 1974 to July 1975) PRICE £2.75 p. & p. 76p 
Limited number of these volumes still available 

i 
We regret all other volumes are now completely sold out. 
Available only from 

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W9 1SN 
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*Full size 
heat sink 
£1.00* 

Stirlïn 
QV. MODULES FOR 

COST-CONSCIOUS CONSTRUCTORS 

SS.1100-A NEW 100w POWER AMP AT 

AN UNBEATABLE PRICE 
This newest addition to the Stirling Sound 

£9.45* range of power amps delivers 100 watts 
R.M.S. into 4 ohms, using 70 volt power supp- 
ly. Ruggedly constructed and ideal for P.A. and 
disco use, etc. With heatsink mounting bracket. 
Approx. 51" x 3" x 11" (140 x 76 x 32 mm). 

PRE -AMP CONTROL MODULES UNIT ONE 

UNIT ONE 

Combined pre -amp with active tone -control 
circuits. +1.5dB at 10Khz treble and 30Hz bass. 
Stereo. Vol./balance/treble/bass. 200mV out for 
50mV in. Takes 10-16V. £7.80 
SS.100 Active tone control, stereo. ±15d8 on 

bass and on treble £1.60 
SS.101 Pre -amp for ceramic cartridges, etc. 
Stereo. Passive tone control details supplied. 

£1.60 
SS.102 Stereo pre -amp for low 
output magnetic P.Us. R.I.A.A. 
corrected. £2.65 

POWER AMPLIFIERS 
SS.103 5 watt r.m.s. mono. I.C. short, £1.75 
SS.103-3 Stereo version of above 

using two I.C.s £3.75 
SS.105 5 watts r.m.s. into 4 ohms, 

using 12V £2.25 
SS.110 10 watts r.m.s. using 24V 

and 4 ohm load £2.75 
SS.120 20 watts r.m.s. into 4 ohms, 

using 34V £3.25 

VAT on power units ordered with 
amplifiers SS.103-SS.120 becomes 

12r%. 

FM TUNING MODULES 
SS.201 Front end tuner, slow geared 

drive, two gang. A.F.C. facility. 
Tunes 88-108 MHz £5.00 

SS.202 I.F. amplifier. Metering and A.F.C. 
facilities £2.65 

SS.203 Stereo Decorder tor use with the 
above or other FM mono tuners. 
A LED may be fitted £3.85 

* THE BUILT-IN QV FACTOR 
means Stirling Sound's guarantee of QUALITY AND 
VALUE to give you today's best value all round. 

A member of the Bi -Pre -Pak group 
220-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX SSO 9DF 
Telephone Southend (0702) 46344 Personal callers welcom ' 

SS.140 40 watts 
r.m.s. into 4 ohms 
using 45V supply 
such as SS345. 
Ideal for small disco 
and P.A. 101 x 76 x 
19mm (4" x 3" x á") 

£3.95" 

TODAY'S BEST VALUE IN 

POWER SUPPLY 
UNITS 

with 13-15V 
take-off points 

7 

MODELS 
TO CHOOSE FROM 

Complete with mains transformers and 

low volt take-off points (except SS.312). 
All at 8% V.A.T. rate. Add 50p for p/p any 

model. 
SS.312 
SS.318 
S S.324 
SS.334 
SS.345 
SS.350 

SS.300 

12V/1A £3.75" 
18V/1 A £4.15" 
24V/1 A £4.60" 
34V/2A £5.20" 
45V/2A £6.25" 
50V/2A £6.75* 

SS.300 Power stabilising unit 10-50V 
adjustable for adding to unstabilised 
supplies. Built in protection against 
shorting (p/p 35p) £3.25" 

SS.310/50 
Complete sta- 
bilised power 
supply with 
variable output 
from 10 to 
50V/2A 

£11.95* 

Built-in 
protection 

against 
shorting 

WHEN ORDERING 
add 35p for p/p unless stated otherwise. 
V.A.T. add 122% to total value of order 
unless price is shown* when the rate is 8%. 
Make cheques, etckpayable to Bi -Pre -Pak 
Ltd. Every effort is made to ensure correct- 
ness of information at time of going to press. 
Prices subject to alteration without notice. 
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Car type panel lock 
and key 40p 

18 volt 4 amp charger, 
bridge rectifier 79p 

GC10/46 £3.00 
Telescopic aerial 3Closed 91", open 381" TAG STRIP -6 way P 5 x 50pF or 2 x 220pF Fitted right angle TV 9 way 5p Single 1p trimmers 20p. 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 15C x 50mm black 70p; 109 x 185 x 60mm black £1.10 ALUMINIUM 
8" x 6" x 3" £1.02 3"x2"xl" 39p 4"x2t.""x2"" 44p 10""x4+"x3£1.02 2;'"x5á"x1á""45p 4"x5"x13-"54p 12" x 5" x 3 £1.20 4" x 4" x 1+" 45p 6" x 4" x 2" 65p 10" x 7" x 3" £1.22 4"x2i"x1Z 45p 7"x5"x24" 79P 12"x8"x3" £1.50 

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. ALL PRICES INCLUDE THE ADDITIONAL DISCOUNT IN LIEU OF GUARANTEE. 
Goods sent at customer s risk, unless suficient payment for registration (1st class letter post) or compensation fee (parcel post) included. 

TRADE 
COMPONENTS 

VALVE BASES 
Printed circuit B9A-B7G 
Chassis B7-B7G 
Shrouded chassis B7G-B9A-B8A 

B12A tube 

JAP 4 gang min. sealed tuning condensers New 20p 

5p 
910p 

9p 
Speaker 6" x 4" 5 ohm ideal for car radio£1.25 

Pole 

4 
6 

REGULATED TAPE MOTOR 
9v d.c. nominal approx 14" diameter 

Way 

SWITCHES 

Type 

2 Sub. Min. Slide 18p 
2 Slide 200 

1 3 13 amp rotary 6p 
2 2 Locking with 2 to 3 keys 

£2.00 
2 1 2 Amp 250V A.C. rotary 20p 

Wafer Rotary, all types 30p 
S.P.S.T. 10 amp 240v. white rocker switch 
with neon. 1" square flush panel fitting 20p 
S.P.S.T. dot 13 amp, oblong, push -fit, rockerl5p 

AUDIO LEADS 
5 pin din plug 180° both ends 1 i Mtr., 80p 
3 pin din to open end, 1'z 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, TRIM POTS, POT 
CORES, CHOKES ETC. 

31b for 85p + 85p post and packing 
71b for £1.95 + f1.20 post and packing 

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

3" Tape Spools 3p 
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 1 ; x 1ál' approx. 12V d.c. (48 a.c.) or mains 75p 
ZM1162A INDICATOR TUBE 0-9 Inline End View. Rectangular Envelope 170V 2.5M/A 

£1 

60p 
12v 8 amp Transformer £2.50 (p&p 85p) 
Ferric Chloride, Anhydrous mil. spec. 1lb bag 40p 

RESISTORS 
g ¡- watt 1 p 
1 watt .... .. 2p 
Up to 15 watt wire 
wound 6p 
1 or 2% five times 
price. 
Cinch 8 way std 0.15 
pitch edge connector2Op 

Semiconductor Data 
Book 263 pages. Covers 
2N21 through to 
2 N5558 plus some 
3N's. Type/connection/ 
parameter details £1.50 
No VAT 

POTS 
Log or Lin carbon 18p 
Switched 
Dual Pots 
Dual & switch 
Lin wirewound 
Slider Pot 
Dual Slider 
1.5m Edgetype 

31p 
45p 
80p 
25p 

35p 
50p 

8p 

THERMISTORS 
VA1008, VA1034, 
VA1039, VA1040, 
VA1055, VA1066, 10p 

VA1082,VA1100 
VA1077, 
VA1005, VA1026 )15p 

RELAYS 
12 volt S.P.C.O octal 
mercury wetted high 
speed 40p 
P.O. 30)0 type, 1,000 
OHM coil, 4 pole c/o 

40p 
Mains or 12v d.p.c.o 
heavy duty octal 50p 

Boxed GEC KT88 
valve £2 

THE RADIO SHACK 
161 ST. JOHNS HILL, BATTERSEA, LONDON S.W.11 

Open 10 a,m. till 7 p.m. Tuesday to Saturday. VAT receipts on request. 
Terms: Payment with order Telephone: 01-223 5016 

ELECTROLYTIC,S 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 1op 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 - - - - 
As total values are too numerous to list, use this price guide to work out your actual requirements 
8/20, 10/20, 12/20 Tubular tantalum 20p each 16-32/275V. 100-100/150V. 100-100/275V 30p; 
50-50/385V. 12,000/12V, 32-32-50/300V, 20- 
20-20/350V 60p; 700 mfd/200V £1.00; 100-100- 
100-150-150/320V £2.00. 

RS 100 0 100 micro amp null indicator 
Approx. 2" x á" x á £1.50 

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 . 5p 

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. 
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, 40/150. 
Many others and high voltage in stock. 

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 

CONNECTOR STRIP 
Belling Lee L1469, 4 way polythene. 6p each 
1j. glass fuses 250 m/a or 3 amp (box of 12) 6p 
Bulgin. 5mm Jack plug and switched socket (pair) 30p 

Reed Switch 28mm. body length 5p 

MAINS DROPPERS 
36+79 ohm 
66+66-4-158 ohm, 66-.66+137 ohm 
17+14-6 ohm, 266+14+193 ohm 
50+40-4-1k5 ohm 
285+575+148+35 ohm j. 
25-i-35+97+59+30 ohm 

5p 

5p 

5p 

51" x 2e" Speaker, ex -equipment 3 ohm 30p 
2 Amp Suppression Choke .. . . .. 8p 
3x2+x- " il PAXOLINE .. 4p 
41x1xá", 

¡ 

.. 1p 
PCV or metal clip on MES bulb Holder 4p 
VALVE RETAINER CLIP, adjustable 2p 

OUTPUT TRANSFORMERS 
Sub -miniature Transistor Type 
'Valve type, 

25p 
40p 

Transformers 6 volt zA 25p 
Whiteley Stentorian 3 ohm constant impe- 
dance volume control way below trade at 80p 
RS Yellow Wander Plug Box of 12 25p 
18 SWG multicore solder 2}p foot 
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SEMICONDUCTORS 
Full spec marked by Mullard. etc. Many other types in stock 

AC107 16p BC557/919 9p 
AC128/176 Bp BCX32,36 12p 
ACY29 19p BCY40 50p 
AD149 40p BCY70/1/2 12p 
AD161/2 33p BD112/3 50p 
AF116 16-W BD115/6 31p 
AF124/6/7 25p BD131/2/3 35p 
AF139 20p BD135/7/9 30p 
AF178/80/81 30p BD142 30p 
AF239 30p BD201/2/3/4 ßOp 

ASY27/73 30p BD232/4/5 49p 
BC107/8/9 + A/B/C 6p BDX77 £1 
BC147/8/9 + A/B/C/S 6p BF115/167/173 15p 
BC157/8/9 + A/B/C 6p BF178/9 20p 
BC178A/B, 179B 12p BF180/1/2/3/4/5 15p 
BC184C/LC 9p BF194/5/6/7 6p 
BC186/7 20p BF194A, 195C 6p 
13C2131121413 10p BF200, 258 20p 
BC261B 8p BF202/3 30p 
BC327/8, 337/8 8p 8F336 27p 
BC547/8/8A 10p BFS28 Dual Mosfet £1 

Amp V'vt BRIDGE RECTIFIERS 
I 1,800 BYX10 30p 
i 140 OSH01-200 26p 
1.4 42 BY164 40p 
0.6 110 EC433 6p 
5 400 Texas 90p 

RECTIFIERS 
Amp Volt 

I N4004/5/6 1 4/6/800 5P 

IN4007/BYX94 1 1250 5p 

BY103 1 1,500 18}p 
SR100 1.5 100 7p 
SR400 1.5 400 8p 
REC53A 1.5 1,250 14p 
LT102 2 30 10p 
BYX38-300R 2.5 300 40p 
BYX38-600 2.5 600 45P 

BYX38-900 2.5 900 50p 
BYX38-1200 2.5 1,200 55p 

BYX48 300R 2.5 300 26p 
BYX49-600 2.5 600 35p 

BYX49-900 2.b 900 40p 
BYX49-1200 2.5 1,200 52p 
BYX48-3U0R 6 300 40p 
BYX48-600 6 600 50p 
BYX48-900 6 900 60p 
BYX48-1200R 6 1,200 80p 
BYX72-150R 10 150 35p 
BYX72-300R 10 300 45p 
BYX72-500R 10 500 55p 
6YX42-300 10 300 30p 
BYX42-600 10 600 65p 
BYX42-900 10 900 80p 
BYX42-1200 10 1,200 95p 
BYX46-300 15 300 11.00 
BYX46-400 15 400 £1.50 
BYX46-500 15 500 £1.75 
BYX46-600' 15 600 £2.00 
BYX20-200 25 200 60p 
8YX52 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 

Mullard Data Book 40p 

RS 2mm Terminals 
Blue gi Black . . . 5 for 40p 

Chrome Car Radio facia .. 15p 
Rubber Car Radio gasket .. 5p 

DLI Pal Delayline . . 50p 

Relay socket 
Take miniature 2PC0 relay 

25p 

B7G or B9A valve can 5p 

0-30, or 0-15, black pvc, 360° 
dial, silver digits, self adhesive 
41" dia. 10p 

BPX40 50p 
BPX42 80p 
BPY10 80p 

(VOLTIAC) 

B PY681 
BPY69 80p 
BPY77 J 

Diodes 
TIL209 Red 10p 

BFW10/11 F.E.T. 
BFW30 
BFW57/58 
B FX 12/29/30 
BFX84/88/89 
BFY51/52 
BFY90 
88101 
BRY39/56 
BSV64 
BSV79/80 F.E.T.s 
BSV91 Mostet 
BSX20/21 
BSY40 
BSY95A 
BU 105-01 
CVA70Y42 

63I 
(0C41/44 

GET111 
0C35 
ON222 
TI P30/305 5 
TIS88A F.E.T. 
ZTX300/341 
2N393 (MA393) 
2N456A 
2N929 
2N987 
2N1507/2219 

40p 
£1 

17p 
20p 
17p 
13p" 
50p 
30p 
26p 
30p 
80p 
90p 
14p 
27p 
12p 
50p 

5p 
40p 
45p 
20p 
45p 
23p 

7p 
30p 
50p 
14p 
40p 
15p 

OPTO ELECTRONICS 
Photo transistor 

BPX29 80p 
OCP71 44p 
BIG L.E.D. 
2v 50m/A 
RED 
ORANGE 
GREEN 
YELLOW 
CLIP 

0.2" 
max. 
1Op 
17p 
14p 
14p 
2p 

PHOTO SILICON CONTROLLED 
SWITCH BPX66 PNPN 10 amp £1.00 

.3" red 7 segment L.E.D. 14 
D.I.L. 0-9+D.P. display 1 9v 
10m/a segment, common 
anode 61p 
DL747.6" 11.25 
Minitron 3" 3015F filament 

£1.10 
COY11B L.E.D. 

Infra red transmitter £1 
One fifth of trade 

Plastic, Transistor or Diode 
Holder 1p 
Transistor or Diode Pad 1 p 

Holdersorpads 50pperl00 

2N2401 30p 
2N2412 70p 
2N2483 
2N2904/5/6/7/7A 15p 
2N3053 14p 
2N3055 R.C.A. 50p 
2N3704 8p 
2N3133 20p 
2N4037 34p 
2N5036 (Plastic 2N3055) 

30p 
2SA141/2/360 31p 
2SB135/6/457 20p 
40250 12N30541 30p 

NEW B.V.A. VALVES 
6BW7 
EB91 
ECH81 
ECL80 
EF80 
EF183 
EY86/7 
PC86 
PC88 
PC97 
PCC84 
PCC89 
PCC189 
PCF80 
PCF82 
PCF801 
PCL82 
PL81 
PY500A 
PY 81 /800 
R20/U26 

60p 
34p 
34p 
36p 
34p 
34p 
34p 
53p 
53p 
36p 
34p 
45p 
45p 
34p 
34p 
46p 
34p 
35p 
80p 
38p 
50p 

OTHER DIODES 
1N916 . ... 6p 
1 N41 48 .. ... 2p 
BA145 .14p 
Centercel ... 24p 
BZY61/BA148 ...10p 
B13103/11 0 Varicap 15p 
BB113 Triple 

Varicap . .37p 
BA182 ... .13p 
0A5/7/10 . 

15p 
BZY88 Up to 33 volt 7p 
BZX61 11 volt 15p 
BR100 Diac. .... 15p 

INTEGRATED CIRCUITS 
TAA700 £2.00 
723 reg (T099) 45p 
741 8 pin d.i.l. op. 

20p Am 
TAD1P 00 AMRF £1 
CA3001 R.F. Amp 50p 
CD4013 CMOS 36p 
TAA300 1 wt Amp £ 1 

NE555v Timer 35p 
TAA550 Y or G 22p 
TAA263 Amp ..65p 
7 400/ 10 ... 9 p 
7402/4/20/30 ... 12p 
7414 56p 
7438/74/86 24p 
7483 . 69p 
LM300, 2-20 volt £1 
74154 90p 

Amp 
1 

1 

1 

15 
6.5 
6.5 
20 
15 
30 

Volt THYRISTORS 
240 BTX18-200 
400 BTX18-300 
240 BTX30-200 
500 8T107 . 

500 BT101-500R 
500 BT109-500R 
600 BTW92-600RM 
800 BTX95-800R P 

1000 28710 (Less N 

PAPER BLOCK CONDENSER 
0.25MFD 800 volt 30p 
1MFD 250 volt 15p 
2MFD 250 volt 20p 
4MFD 250 volt 20p 

I.C. extraction and insertion 
tool 32p 

CHASSIS SOCKETS 
Car Aerial 9p, Coax 3p, 5 pin 
180° 9p, 5 or 6 pin 240° din 
6p, speaker din switched 5p 
3.5 mm switched 5p, stereo 
'-," jack enclosed 10p. 

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

703 HEATSINK 
Europlec HP1 TO3B individual 'curly' 
power transistor type. Ready drilled 12p 

Tested unmarked, or marked 
ample lead ex new equipment 

ACY17-20 8p 0071/2 5p 

ASZ20 Sp 
ASZ21 30p 
BC186 11p 
BCY30-34 8p 
BCY70/1/2 8p 
ßF115 1Op 
BY126/7 4p 
HG1005 1Op 
HG5009 3p 
HG5079 3p 
L78/9 3p 
M3 1Op 
0A81 3p 
0A47 3p 
OA200-2 3p 
0C23 20p 

SMALL ORDERS, ENCLOSE SUITABLE 
STAMPED ADDRESSED ENVELOPE 

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

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

0C200-5 8p 
TIC44 24p 
2G240 £1 
2G302 5p 
2G401 5p 
2N711 25p 
2N2926 4p 
2N598/9 6p 
2N1091 8p 
2N1302 8p 
2N1907 £1 
Germ. diode 1 p 
GET120(AC128 
in 1" sq. heat 
sink 15p 
GET872 12p 
233230 30p 

CRAZY OFFERS 
4700 mfd. 40v 35p 
2500 mfd. 40v 3p 
2200 mfd. 25v 30p 
2200 mfd. 64v 40p 

10000 mfd. 15v 12p 
1250 mfd. 35v 10p 
6800 mfd. 10v 6p 

32+32 mfd. 275v 8p 
16+32 mfd. 350v 12p 

8+8 mfd. 350v 8p 
150 mfd. 35v 4 ,p 
100 mfd. 70v 419 

1 mfd. non-polar350v 3p 
680 mfd. 100v 10p 

15 mfd. 160v 3p 
4700 pf.sub min 500v 14-p 
47 k. log stereo 

slide pot 12p 

Philips electronic engineer 
kits add on series E1004 

75p each 
G.E.C. 5% Hi -stab 
capacitors .013, .056, 
.061, ; 066, .069, .075, .08, 
.089, .095, .1 2p each 
3.5mm metal stereo plug 

20p 

ulne Modulated .. 
ut) 

30p 
35p 
30p 

£1 
90p 

£1.00 
£3.00 
£8.00 
£3.00 

Push -to -Break or 
Push -to -Make Panel 

Switch 24p 

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

GARRARD 
GCS23T Crystal Stereo 
Cartridge 66p 
Mono (Stereo compatible), 
Ceramic or crystal 60p 

HANDLES 
Rigid light blue nylon 
6" with secret fitting 
screws .. 5p 

Belling Lee white 
plastic surface coax 

outlet box 20p 

Miniature Axial Lead 
Ferrite Choke formers 

2p 

RS 10 Turn Pot 1% 
250, 500 S2, 1K, 
50K £1 

Copper coated board 
10" x 9" approx 25p 

TIE CLIPS 
Nylon self locking 7" 
or 32" 2p 

Geared Knob 
8-1. ratio 1i" diam, 

black 70p 
l Ib Mixed bolts, nuts, 
washers etc. 45p 

MAIL ORDER CUSTOMERS ONLY ADD 

ALLL ENQUIRI% 
VAT-1ES, 

ETAYBC , MUST BE AC OMPANIED BY A 

STAMPED ADDRESSED ENVELOPE 
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NEW STYLE SELF -BINDER 
for 

"Radio Et Electronics 

Constructor" 

Available only from: -- 

PRICE 

£1.20 
including V.A.T. 

The "CORDEX" Patent Self -Binding 
Case will keep your issues in mint 
condition. Copies can be inserted or 
removed with the greatest of ease. Rich 
maroon finish, gold lettering on spine. 
Specially constructed Binding Cords are made 
from Super Linen of great strength, very hard 
twisted and twice doubled. They are attached 

to strong RUSTLESS Springs 
under tension, and the method 
adopted ensures PERMANENT 
RESILIENCE of the Cords. Any 
slack that may develop is 
immediately compensated for 
and the Cords will always 
remain taut and strong. It is 
impossible to overstretch the 
springs, as a safety check 
device is fitted to each. 

Owing to heavy demand please 
allow 27 days for delivery. 

Data Publications Ltd, 57 Maida Vale London W9 ISN 

P. & P. 30p 

11. 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. 

h) Build an oscilloscope. 

(2) Read, draw and understand 
circuit diagrams. 

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

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

1 

gmiiiir------U-11111111111111u ill MIo-i Ile iWAA Brochure, without obligation to: 
BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, 
P.O. Box 156, Jersey, Channel Islands. 
NAME 

REK 17 ADDRESS Block caps please I ----- iomaamm- ism ----maom--r --m no ow MINZMI11111-- 
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RETURN OF POST MAIL ORDER SERVICE 
E.M.I. 13-} x 8.in R.C.S. GENERAL PURPOSE TRANSISTOR 

PRE -AMPLIFIER BRITISH MADE 
leal for Mike, Tape P.U., Guitar, etc. Can be used with Battery SPEAKER SALE I 

9-12v. or H.T. line 200-300V. D.C. operation. Size 11" x 11" x With tweeter 5 95 
Response 25 c.p.s. to 25 KC/s, 26 db gain. And crossover. 10 watt 

or use with valve or transistor equipment. Post State 3 or 8 ohm Post 45p 
S.A.E. Full instructions supplied, Details .E. £1.45 30p 1 5 watt version 

O 8 or l fi ghm L LB.J Je 

NEW ELECTROLYTICS CONDENSERS 20 watt version £9.5D 8 15 ohm---- 

NEW BSR HI-FI AUTOCHANGER 
STEREO AND MONO 
Plays 12",10" or 7" records 
Auto or Manual. A high 
quality a it backed by BSR 

r 

reliability with 12 months' 
gguarantee. AC 200/250v. / 
Si/e 131 x 11 kin. ''/. e. Above motor board 311n.'.,,.,,.. 
Below motor board. 2}in. C 
With STEREO/MONO CARTRIDGE £ 11.95 Post 75p 

Single player version with cueing', device £13.50 

ELAC 10in WOOFER 
10 watt, 15 ohm base unit. 35 to 8,000 
c.p.s. Base res. 40 c.p.s. 
BARGAIN PRICE £4.50 post 45p 

HEAVY METAL' PLINTHS 
With P.V.C. Cover. Cut ou; for most a nil 
B.S.R. or G yard decks. Silver grey L J finish. Size 12; o 141 x 7}in. 
Size 16 x 131 x Tin. £7.50 Post 75p 

EXTRA LARGE PLINTH & COVER 
Size: 201n. x 1911n. x 9in. TEAK FINISH 

CALLERS ONLY £18.50 
TINTED PLASTIC COVERS Post 75p 
Sims: 'A' - 141in. e 121in. x 4lin., £2.50. 'B' -20 in. 
o 121in. x 41in., £3. 'C' - 171in. e 131in. e 31ìn., f3..5. 
19in. x 141in. o 411n. £3.50 
Ideal for record decks, tape decks, etc. 

s R.C.S. 
O 

DECK 
SINGLE 
RECORD 

. 

PLAYER 
Fitted with auto stop, compatible, cartridge. Base - 
plat, Size 

rnotor 
Turntable. 

Iseparatelwinding 114 vr. olt 
to power a small amplifier. 

3 spends plays all size records. 
£tY 95 Poet 

Two for 13. s 45p 

COMPLETE STEREO SYSTEM 
Two full size loudspeakers 131 e 10 x 311n. Player 
unit clips to loudspeakers making it extremely compact. 
Overall size only 134 x 10 x 81in. 3 watts per channel, 

plays all records 
33 rpm 45 rpm. 
Separate vol- 
ume & tone 
controls 240v 
AC mains 

Attractive Bargain Price 
Teak finish 
Weight 131bs. £22.50 85 cp arria eb 

GARRARD. 
MINICHANGER 

Plays all size records, 3 speed. 
Size 12 x 811n. Complete with 
stereo/mono cartridge. 

£9.95 Post 75e. 

CASSETTE RECORDER MOTOR ONLY. 6 Volt. 
Will net vv many types. Ideal for models. £1.25 

BLANK ALUMINIUM CHASSIS, 18 s.w.g. 21in. sides 
6 x 4in. 70p; 8 x bin. 90p; 10 x Tin. £1.15; 
14 x 9in. £1.50; 16 x bin. £1,45; 12 x 31n. 87p; 
16 z 101n. £1.70. All boxes, many sizes in stock. 

ALUMINIUM PANELS t8s.w.g. 6 x4in. 15p; 8 e bin. 25p; 
10 x 7in. 30p; 12 e Sin. 30p; 12 x Bin. 40p; 16 x 6,n. 
45p; 14 x 9in. 50p; 12 x 12ín, 66p; 16 x 10m. 76p. 
ALUMINIUM ANGLE BRACKET bin long x 1 x } 15p. 

t;inch DIAMETER WAVECHANGE SWITCHES 45p. EA 
2 p. 2 -way. or 2 p. 6 -way. or 3 p. 4 -way. 

1 p.1 2 way, or 4 p. 2 -way, or 4 p. 3 -way. 
TOGGLE SWITCHES, sp. 20e dp. 25p dp. dt. 30p. 

11.P.11.1 t,FNTRE OFF 55p. S.P.C.D. CENTRE OFF 45p. 
Many woes TOGGLE SWITCHES in stock 

2/350V 20P '250/25V 18P 
4/350V 20p 500/25V 20p 
8/350V 220 100+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 75p 
?5/25V 10p 8+16/450V 50p 30,000/25V 96p 
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. 
500nnF 12V 15p ; 25V 20p ; 50V 30p. 

1000emF 12V 20p ; 25V 35p : 50V 47p : 100V 70D 
2000ne 61/ 25p ; 25V 42p 50V 57p ; 4700/63V 95p. 
2500mF 50V 62p ; 3000,nF 25V 47p 50V 65p. 
5000mF BV 25p; 12V.42p; 35V 85p; 50V 95p. 
500V-0.001 to 0.1 10p; 0.25 12e; 0.47 25p 
CERAMIC l yF to 0.01.nF, 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 'rain 25p. 
TWIN GANG. "0-0" 208pF + 178pF £2. TWIN 365pF 50p. 
Slow motion drive 365pF + 365pF with 25pF + 25pF 65p. 
500,F standard twin gang /bp. 120 Ph twin gang blip. 

'ELAC 9 x 5in. HI-FI SPEAKER, TYPE 59RM. 
THIS FAMOUS AND WIDELY USED UNIT 
NOW AT BARGAIN PRIC 
10 WATT, 8L OABLE HM. CERAMIC MAGNETS 

£3.45 

NEON PANEL INDICATORS, 250V Red or Amber, 30P 
RESISTORS, 1w., }w., tw 20%, 2p; 2w, 8p. 10 to 10M. 
HIGH STABILITY, } w, 2% 10 ohms to 10 meg., 12p, 
Ditto 5%, Preferred values, 10 ohms to 10 meg 5p, 
WIPE -WOUND RESISTORS, 5 watt, 10 watt 1b watt, 
10 ohms to 100K, 12 each, 2w 0.5 ohm to 8.2 ohms 15p. 
TAPE OSCILLATOR COIL Valve type 35p 
FERRITE ROD 6' x t 30p; 6" x 1" 20p; 3" o 1" 10p, 

MAINS TRANSFORMERS 5öó 
PO 

250.O.250V 80mA, 6.3, 2A 1:2,94 
950.0.250 8OrnA. 6.3v 3.6a, 8.3v l e or 5v 2a 14,60 
350.0.350 80mA. 83v 3.5a, 6.3v 1a or 5v 2e. £5.80 
300-0-300 120mA. 6.3v 4e CT,; 8-3v 2e £7.00 
220v 45mA. 8.3e 2a. £1.75 
HEATER TRANS. 8.3v 3 amps. f 1.45 }amp. 95p 
Cif NERAL PURPOSE LOW VOLTAGE. Tapped outputs 
2 amp 3, 4, 5, 8, 8, a, 10, 12, 16, 18, 24, 30v 14.80 

1 amp 8, 8, 10, 12, 18, 18, 20, 24, 30, 38, 40. 48, 60, £4.60 
2a, 8, b. 12. 12, 18, 18, 20, 24 30, 38, 40, 48, 80 £7,00 
3e, 6. 8, 10. 12, 18, 18, 20, 24, 30, 36, 40, 48, 80 f8,70 
5e, 6, 8, 10, 12. 16, 18, 20, 24, 30, 36, 40, 48. 60 £11.25 
5 8. 10, 16v a f2. 6-0-6v 500mA £1. 9v 1a £1 
12v 300mA C T. 12v 500mA El. 12v 750mA Cl. 
40v 2e tauued 10v or 30v £2.95. 20v 3a f2. 
40v la £2,75 30v 5A and 34v 2A ct. 13.50 
20 -U -20v la F2, 30v 1;a 11.75 211v }a t 1.75, la £2 

1 amp Transformer, mounted on panel with input and 
output fuses supplies 0,20v,40v,60v or 20-0-20v 13.50 
AUTO TRANSFORMERS t 1 5v to 230v or 230v to 115v 
150w £5, 250w C6; 400w £7; 600w f8. 
CHARGER TRANSFORMERS. Input 200/250v 
for 6 or 12v 11a C2.75 4a £4.60. 
FULL WAVE BRIDGE CHARGER RECTIFIERS: 

16 or 12v outputs 11a 40p; 2a 55p, 4a 85p. 

R.C.S. STABILISED POWER PACK KIT 
All parts including printed circuit and instructions to 
build this unit. Voltages available: 6v, 7.5v, 9v 12v. 
Up to 100r'rA output. 
Please state voltage required. f 2.95 45p 

STEREO FM/AM TUNER AMPLIFIER 
CHASSIS BY KUBA 

í, ! t, 

This all 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. 

.irli i, Igo to ll,le.'I 
n,'.h i filbd. Fnu, watts pn, channel nutpul 

4 x 5in. £33.50 POST 11.50 

or 
as illustrated 
Bass units only 20W 
Bass units only 15W 
Bass units only 10W 

£7.60 
£6.60 
£4.96 
Post 65p 

Bookshelf Cabinet 
Teak Veneer. For above units 

£7.50 
Post £ 1.50 

R.C.S. 10 WATT 
AMPLIFIER KIT 

// mß...:2 

This kit is suitable for record players, tape play back, 
guitars, electronic instruments or small P.A. 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 anti treble controls. Spec. 10 watts output into 8 
ehe,. 7 watts into 15 ohms. Response 20 cps to 30K/cs. 
,Input from 20mV high imp. Size 9{in x 3in x 21e. 

Mono kit £11.25 Stereo kit f 17.50 46p 

LOUDSPEAKERS P.M. 3 ohms, / o 4in. £ 1.25; 6}In. £1.5Q: 
8 e Sin, f 1.60; 81n. £1,75; 10 x Ein, £1.90; 10in, £2.613. 
SPECIAL. OFFER LOUDSPEAKERS' All Brand New. 
3 ultra. 2.4ín; 211n 311n; SIn, 8 ohm, 211n; 2fin; 5 x 3in, 
5in. 15 ohm, 311n; SIn; 8 x 41n; 5 x 31n, 7 x 41n; 
25 ohm. 2Jin, 3in, 5 e 3in, 7 x 4 in, 35 ohm, 31n, 5in, 

80 ohm, 24in, 2}id, 12U ohm, 3in, 11.25 EACH 

TWEETER VOLUME CONTROL 15 ohm 10 watt 
with 1in. lung threaded bush for wood panel 
mounting, WIII suit all tweeters 755 

RICHARD ALLAN TWIN CONE LOUDSPEAKERS. 81n. 
di,mtntnr 4W 12,50; 101n, diameter 5W £2.95; Post 25p. 
121n, diameter, 6W £3.50; 3 or 8 or 16 ohm models. 
SPEAKER COVERING MATERIALS, Samples Large S.A.E. 
Horn Tweeters 2.16Kc/s. 10W 8 ohm or 18 ohm £3.50 

Horn Tweeters 2-18 Kc/s, 16W, 8 ohm 18.80 
TWWAY 3.000 cps CROSS OVERS 3, 8 or 16 Ohm £1.90 
3 -WW AY CROSSOVER 850 cps and 3000 cps 125 wan) £2,20 

G00DMANS CONE TWEETER £3.25 
18,000 cps. 26 watts. 8 Ohm. 
511n. Woofer 10 watt. F/Ice £4.95. 

ELECTRO MAGNETIC 
PENDULUM MECHANISM 

t .5v operation over 250 hrs continuous on SP2 battery, 
fully a liustable swing and speed. Ideal displays teaching 
tductru magnetism or for metronome; strobe etc. 95p. Post 20p 

WEYRAD TYPE COILS 
P50/1AC 60n RA2W 85P Twin Gang £2 
P50/2CC 4011 OPTI 65, Printed Clrouit '85p 
PSO'3CC 40p LFDT4 65p 

COAXIAL PLUG 10p. PANEL SOCKETS 10o. LINE 18e. 
OUTLET BOXES, SURFACE MOUNTING 40p 
BALANCED TWIN RIBBON FEEDER 300 ohms, 5p yd. 
JACK SUCKS I Std. open -circuit 20p, closed circuit 25p; 
Chrome Lead Socket 45p. Phono Plugs 10p. Phono Socket Bp 
JACK PLUGS Std Chrome 30p, 3.5mm Chrome 15p DIN 
SOCKETS Chassis 3 -pin 10p; 5 -pin 10p; DIN SOCKETS 
Lead 3 -pin 18p: 5 -pin 25p; DIN PLUGS 3 -pin 18p: 6 -pin 
25p. VALVE HOLDERS 5p. CERAMIC 10p, CANS 5p, 

R.C.S. 100 WATT VALVE 
AMPLIFIER CHASSIS 

Pruf,'ssinnnl model. Four inputs. Treble, Bass, Master 
Volume Controls. Ideal disco, P.A. or groups. 5 speaker 
outputs. very robust lob f85 plus £2.60 carr. S.A.E. for details 

NEW MIXER/AMP 150 WATT 
PROFTSSIONAI. TRANSISTOR AMPLIFIER £68 
4 Inputs. 3 outputs. separate volume treble Carr. £1.50 
,rad boas cnlrols Ideal livra, nr group. P.A. amplifier 
s,..,i l.,r i,.,. ,,, Disco Gear. 

RADIO COMPONENT SPECIALISTS 
Minimum post 30p. 

Components Lists 10p. 

JANUARY 1977 

Access and Barclaycard welcome 

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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Super 30 Kit shown with stand, flexible and 
transformer added 

THE ABOVE KIT IS AVAILABLE 
AS SEPARATES 

£ p P&p 
Kit Complete as above 33.48 1.15 
Mk.II Drill Stand 4.40 35 
Mk.II Drill Only 8.79 35 
Flexible Shaft 5.46 25 
Transformer 6.00 70 
S.30 Kit (Drill with 30 tools)17.62 85 

Postage for spares (any quantity) 15p 

Replacement accessories ....40p each 
Circular Saw Blade Sets (4) £2.00 Spare Collets £0.40 Spare Chuck & 3 Collets £2.50 

ALL ABOVE PRICES INCLUDE V.A.T. 

S.A.E. 
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FOR ILLUSTRATED 
(9" x 4") LEAFLET 

& ORDER FORM 

PRECISION PETITE LTD 
119a High Street 

Teddington, Middx. 

Tel: 01-977 0878 
(24hr. Tel: Enquiry Service) 

Have pleasure in introducing 
their Precision Tools from 

France for all types of 
electronic design and 

development, professional 
or amateur 
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DATA PROCESSING 

UNDERSTAND DATA 
PROCESSING 

DATA PROCESSING, by Oliver & Chapman, is now in 

its Third Edition first published 1972. 

200 pages 9ó" x 6-44" PRICE £2 50 
Inclusive of postage 

The primary aim of this outstanding manual is to provide a simplified approach to 
the understanding of data processing - (previous knowledge of the subject is not 
necessary). 

The 40 chapters and appendices cover the following topics: Introduction to 
Data Processing; Organisation and Methods; Conventional Methods; Introduction 
to EDP and Computers; Hardware; Computer Files; Data Collection and Control; 
Programming and Software; Flowcharts and Decision Tables; Systems Analysis; 
Applications; Management of EDP, etc. 

Available from: 
D.P. PUBLICATIONS 

4 AMPORT CLOSE, WINCHESTER, HANTS S022 6LP 

Perhaps we can help you turn that old wish into reality 
As all electronics constructors know, one of the secrets of happiness is 
to spend leisure time on work that is both interesting and constructive. 
Unfortunately, one's enjoyment of the hobby is soon spoilt if you can't 

rPlease write your Name and Address In block capitals 

NAME 

ADDRESS.... 

HOME RADIO (Components) LTD., Dept. RC 

234-240 London Road. Mitcham, Surrey CR4 3HD 
Reg6 N,, 912966 1.96966 

L 

obtain the right components. That's where Home Radio Components 
come in, and if you're a regular reader of these advertisements you'll 
know exactly what we three 'typical customers' recommend. Here it is - 
the first step is to invest in a Home Radio Components catalogue. This 
will enable you to locate quickly and easily the parts you need for the z d project you have in mind. Then, to buy the components you have a 

choice of three methods. 1, You can visit Home Radio's shop in 

a o Mitcham, above Tescó s almost opposite Mitcham Baths. 2, You can 

G 
C13= send a cheque or P.O. for the items you need, in the normal Mail Order 

way. 3, You can join Home Radio's Credit Scheme and settle your ac - 
ÿ count monthly. Full details of this popular scheme are given in the 

Col v catalogue. 

Ñ 0 Whichever method you use, you will enjoy the prompt, personal service 
Home Radio always strive to give. So, back to the first step, send off the 

I- 
C/3 W 

coupon with £1.40 for your copy of the catalogue - it's a superb 
production! 

CL s 

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

JANUARY 1977 333 



There hardly seems to be an issue of an electronics 
magazine these days that does not give details of at least one project incorporating an operational amplifier i.c. of some sort or, at least, that is the author's impression. Operational amplifiers are cer- tainly very versatile with their inverting and non - inverting inputs, ultra high gains, high input im- pedances and low output impedances. 

Inexpensive devices such as the 741 and 748 do have limitations, however. Theoretically, an operational amplifier should have an infinite voltage 
gain, infinite input impedance and zero output im- 
pedance. No real operational amplifier achieves all these characteristics, of course, but most are suitable, 
with regard to gain and output impedance, for the majority of practical applications. 

Devices such as the 741 and 748 have bipolar tran- sistor input stages and, although very high input im- pedances can be attained, practical amplifiers tend 
to be well removed from the theoretical ideal in this respect. This is not a problem of academic impor- 
tance, but is one that can complicate what would otherwise be a very simple circuit or can make a par- ticular circuit completely impractical. 

BASIC VOLTMETER 

An example of a possible circuit which could not function adequately with an operational amplifier having a bipolar transistor input is shown in Fig. 1. This circuit is for an electronic voltmeter having a high input resistance. The output of the operational amplifier is returned to its inverting input, whereupon the amplifier acts as a voltage follower 
with its output voltage being equal to the input 
voltage. The meter and series resistor form a 

CMOS 
The introduction of the CMOS 

linear operational amplifier type 
CA3130T allows the construction of 
very simple circuits which take ad- 
vantage of its extremely high input 
resistance. This article describes an 
electronic voltmeter incorporating 
the CA3130T and offering ranges of 
0-1 volt, 0-5 volts, 0-10 volts and 0- 

50 volts. 

voltmeter which can have a full-scale deflection of 1 
volt. Voltages to be measured are applied to the test terminals, across which is an attenuator having four 
resistors. The switch taps into the attenuator to provide four voltage ranges. 

A circuit of this type has several advantages over 
more conventional electronic voltmeters, such as those incorporating field-effect transistors. An elec- trical zero set adjustment for the meter is not re- quired nor is there any need for thermal stabilization. 
Also, the linearity of the circuit is very nearly perfect, 

Pos. input 
o 

Attenuator 

o 

Range 
1 switch 

Neg. input 

Fig. 1. Basic circuit for an electronic voltmeter. 
For satisfactory functioning the operational 
amplifier requires an extreme/y high input 

resistance 
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VOLT METER 
By R. A. Penfold 

and accuracy is virtually limited to the accuracy and 
resolution of the meter itself. The only obvious disad- 
vantage is the necessity for a dual voltage power 
supply. 

The circuit canot be used successfully with an 
operational amplifier having a bipolar transistor in- 
put because the input resistance of such an amplifier, 
although high, is still too low to allow high value 
resistors to be employed in the attenuator. Satisfac- 
tory functioning calls for an operational amplifier 
having an input resistance of many hundreds, or 
preferably even thousands, of megohms. Suitable 
operational amplifiers have been available for some 
time but have been expensive. They incorporate a 
JUGFET input stage, but this is contained on a single 
chip separate from the main bipolar circuitry. 

The situation has recently changed and it is now 
possible to obtain, at reasonable cost, an operational 
amplifier with a CMOS input, this being the RCA 
CA3130T. This i.c. has an extremely high input im - 

pedance and readily lends itself to use in a circuit of 
the type shown in Fig. 1. This article describes an 
electronic voltmeter, incorporating the CA3130T, 
which has an input resistance of 15M12 on all ranges. 
There are four ranges, these being 0-1 volt, 0-5 volts, 
0-10 volts and 0-50 volts. The unit can be assembled 
in very compact form. 

The CA3130T is an 8 -lead device contained in a 
TO -5 style package. Its lead connections and a block 
diagram showing its internal stages are illustrated in 
Fig. 2. The device has a typical voltage gain of 
320,000 times, most of this being provided by the se- 
cond stage, which incorporates a bipolar transistor. 
The input and output stages employ CMOS circuitry. 
Although of no consequence in the present applica- 
tion, the CA3130T has a gain -bandwidth product of 
15MHz, a high slew rate of 30 volts per microsecond 
and is capable of a peak -to -peak output voltage swing 
which is only some millivolts inside the supply 
voltage. 

r 

+ In ut 3 

1 

- Input 21 

Pos. 
1.7 supply 

Bias 

14dB 76dB 29dB 
Output 

4 

Offset 
null 

Comp. 

e 

1 Neg 
J supply 

Comp. 
Comp. and tob Pos. 

offset null , g supply 

- Input 

t Input ' 4 ' Offset 
null 

Neg. 
supply 

and case 

CA3130T 
Top view 

Output 

Fig. 2. Block diagram illustrating the internal stages of the CA3130T and a top view showing lead 
allocations 
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The prototype has a simple layout, with the 
Veroboard panel located between the two 

meter terminals 

THE CIRCUIT 
The complete circuit of the CMOS voltmeter appears in Fig. 3. This is similar to the basic circuit of Fig. 1, with a few additions which are necessary for practical operation. 
Rl to R7 form the input attenuator and the ac- curacy of the voltmeter depends upon the tolerance of the resistors employed here. The widest tolerance to be considered acceptable is 5%., and all the values listed are available in this tolerance from Elec- trovalue Limited. The first attenuator resistor re- quires a value of 12Mû and it is unlikely that a suitable component will be available. The value is therefore made up by connecting four separate resistors in series. A 300kû resistor is needed for R7 and, in the prototype, this was made up of two 150kû resistors in series. S2 is the range switch. The CA3130T has internal diodes to protect its input gates against breakdown voltages but it is still necessary to ensure that an excessive voltage cannot 

Pos.test prod 

Ntg.test prod 
411 

R5 

be accidentally applied to the non -inverting input. In 
consequence current limiting resistor R8 is inserted in 
series with the non -inverting input, and it provides 
protection against overloads of up to 100 volts when 
the instrument is switched to 0-1 volt, on which range 
the i.c. is most vulnerable. The input resistance of the 
CA3130T is so high that R8 has no significant effect 
on normal circuit operation. 

There is a 100% negative feedback loop from the output to the inverting input, causing the i.e. to have unity gain and thus act as a voltage follower. The i.e. 
does not have internal compensation, but only a single 
external compensating component is required. This is Cl. 

VR1 and R11 provide the series resistance for the 
meter. VR1 is set up so that the meter gives a full- 
scale reading at an output voltage, from the i.e., of 1 volt. 

A supply voltage of between 3 and 16 volts can be used to power the CA3130T or, in the case of a dual 

ICI 

CA3130T 

S2 

CI 

F 

4 

R9 

YV1V 

Sia 

VR1 RII 

MI 

O-SOyA 
+ 

+9V 

OV 

52 ranges I : 0-IV 
2 : 0-5V 
3 : O -10V 
4: 0-50V 

RIO r 
51b 

-9V 

Fig. 3. The circuit of the CMOS voltmeter. This has two 9 volt supplies, one positive and the other negative of the central zero voltage rail 
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COMPONENTS 

Resistors 
(All fixed values ; or z watt. R1 -R7 5% or less. 
R8 -R11 10%.) 

Rl 2.7Mí2 
R2 2.7Mí2 
R3 3.3M C2 

R4 3.3M L2 

R5 1.5M 
R6 1.2M12 
R7 300ki2 
RS 100kí2 
R9 3.3kí2 
R10 3.3kC2 
R11 15k i2 
VR1 10kí2 pre-set potentiometer, 0.1 watt 
skeleton, horizontal 

Capacitor 
Cl 120pF ceramic plate or silvered mica 

Integrated Circuit 
IC1 CA3130T 

Meter 
M1 0-50,uA moving -coil (see text) 

Switches 
S1 2 -pole ,2 -way, rotary 
S2 3 -pole 4 -way, rotary 

Miscellaneous 
2 batteries type PP9 (Ever Ready) 
2 battery connectors 
2 knobs 
Veroboard, 0.1in. matrix 
Plastic case (see text) 
Test prod, red 
Test prod, black 
Wire, grommet, etc. 

supply, voltages from 2.5 to 8 volts positive and 
negative. The i.c. cannot therefore be operated direct- 
ly from two 9 volt batteries. A dual 4.5 plus 4.5 volt 
battery such as the PP11 could be used, but this is 
rather bulky for what is intended to be a miniature in- 
strument. Also, since the current consumption of the 
unit is only 1.5mA, the use of a high capacity battery 
is not really justified. 

The solution finally adopted is to employ two PP3 
9 volt batteries, with series resistors R9 and R10 drop- 
ping the voltage which is actually applied to the 
CA3130T. This receives approximately 4.5 volts 
positive and negative, which is more than adequate 
for present requirements. No decoupling capacitors or 
supply stabilization are required. 

Apart from the range switch the unit has only one 
other control, this being the on -off switch, S1(a)(b). 

CONSTRUCTION 
The author employed a 0-50jA meter from the 

Henelec 38 series having a square front measuring 42 
by 42mm. With this meter it was possible to position 
the Veroboard panel between the terminals and to 
house all the components in a plastic case having in- 
ternal dimensions of 110 by 75 by 33mm. Any plastic 

A close-up view of the Veroboard assembly. 
There are two PP9 batteries, one on either side 

of the meter 

case which is not smaller in any of these dimensions 
may be employed. The general layout is shown in the 
photographs. However, any other 0-50uA meter (or, 
as is explained later, 0-100pA meter) may be used, 
the layout and case being chosen to suit this. Using 
the author's layout the case stands vertically with the 
meter central and at the top. With the author's case 
there is just sufficient space for the batteries on either 
side of the meter. 

The two switches are mounted below the meter, and 
a hole of about ;in. diameter is drilled below these and 
is fitted with a grommet. The test leads pass through 
this grommet. 

Some of the components are assembled on a piece 
of Veroboard of 0.1in. matrix, and having 20 holes by 
8 strips. Details of this board together with the 
remainder of the wiring are given in Fig. 4. To prevent 
possible damage to the CA3130T, all soldering must 
be carried out with an iron whose bit is reliably earth- 
ed. 

Start by cutting out a panel of the required size and 
then make the five breaks in the copper strips by 
means of a Vero spot face cutter or a small twist drill 
held in the hand. Next solder in the components and 
the link wire. If a case and meter similar to those 
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R11 

o 1 o 

Bcttery connectors 

Fig. 4. Wiring details for the voltmeter, including the Verobard panel assembly 

employed by the author are used, the Veroboard assembly should not be more than about 10mm. high or it will not fit the case; this requires that the com- ponents are kept close to the board. 
R1 to R8 are soldered to switch S2, and it should be noted that two of the switch tags, on unused poles, are employed as anchor tags for one lead of R7 and one lead of R8. To avoid mistakes, first identify the four 
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outer tags corresponding to the inner switch arm tag by visual examination or with the aid of a continuity tester or an ohmmeter, then wire RI to R6 inclusive to these. It should be noted that the relative positioning between the inner and outer tags may be different on some switches from that shown in Fig. 4. R7 and R8 may then next be wired in. S1(a)(b) is shown as a component having 12 outer tags, but any small 2 -pole 
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The attenuator resistors are wired directly to 
the tags of the range switch 

2 -way rotary switch can be employed here. 
The wiring between the switches, the board, the 

meter and the battery connectors is then completed. 
In the author's instance, the component board and 
batteries are held in place by the back of the case. 

SETTING UP 
Only one adjustment is required before the com- 

pleted voltmeter can be used, and this consists of set- 
ting up VR1 to give the correct f.s.d. sensitivity. 

This adjustment can be carried out in the following 
manner. Set VR1 to insert maximum resistance into 
circuit (slider fully anticlockwise), select the 0-10 volt 

® 
e \ 

d, 

Another view of the CMOS voltmeter, with its 
test prods all ready for use 

range and switch on. Then measure the voltage of the 
battery supplying the positive rail with a multimeter 
and note the reading. Remove the multimeter and 
apply the positive test prod of the voltmeter to the 
positive terminal of the battery which has just been 
checked. Adjust VR1 so that the meter gives a reading 
which is exactly the same as that obtained with the 
multimeter. 

The CMOS voltmeter is then ready for use. 

FINAL NOTES 
Some final points need to be mentioned before con- 

cluding this article. 
The author added the figures 0, 2, 4, 6, 8 and 10 to 

the scale of his 0-50µA meter to give a graduation 
from 0 to 10 in addition to the existing graduation 
from 0 to 50. Also added was the legend VOLTS. The 
figures and the legend were taken from Panel Signs 
Set No. 4, which is available from the publishers of 
this journal. Since the process of adding the figures 
and the legend involves removing the meter move- 
ment from its case, constructors who wish to do the 
same are advised to do so only if they feel confident to 
dismantle and reassemble the meter without damage. 
It should be borne in mind that a single speck of dirt 
can virtually ruin the operation of a meter if it finds 
its way into the moving parts. Legends on the front 
panel of the voltmeter were also taken from Panel 
Signs Set No. 4. 

The output from the CA3130T will drive a 0-100µA 
meter, and a nleter with this sensitivity may, in con- 
sequence, be employed instead of the 0-50uA meter 
listed in the Components List, should this be desired. 
With a 0-100µA meter, R11 requires a value of 7.5ki 
and VR1 a value of 5kí2 or 4.7kg. 

The voltmeter circuit does not incorporate an offset 
null adjustment, with the consequence that the meter 
may possibly give an indication other than zero when 
no voltage is applied to the test prods. Judging from 
the data on the CA3130T the maximum offset voltage 
will be less than lOmV, and would not be discernible 
on a meter of the type employed by the author 
although it might just be visible with a large meter 
having a clearly graduated scale. Should such an 
offset voltage appear the meter needle may be return- 
ed to zero simply by adjusting the mechanical zero -set 
on the meter itself. The author has checked three 
CA3130T i.c.'s in the circuit and in each case the 
offset voltage was only about lmV. 
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--I SUGGESTED CIRCUIT I 

Excusably, there is a tendency with modern electronics to look upon in- tegrated circuits as enclosed "black boxes" with convenient terminal pins protruding for the connection of exter- nal components. In many cases, however, it is beneficial to be aware of at least part of the internal circuit of an i.c., especially if the i.c. is to be employed in an application other than that for which it was originally design- 
ed. 

Thesé remarks apply particularly to digital i.c.'s in the 74 t.t.l. series, and a knowledge of their input and output circuits reveals a capability for con- trolling surprisingly heavy loads. 
74 SERIES 
CIRCUITRY 

The input circuit for a standard 74 series digital i.c. has the basic form shown in Fig. 1(a), this applying to NAND gates, NOR gates, flip-flops and other devices. The input tran- sistor has one or more emitters, each emitter coupling to an input pin. The input pins may be connected to the outputs of other i.c.'s of the 74 family. 'l'he base of the transistor couples to the positive supply rail via a resistor with a nominal value of 4k1í. The positive supply rail is 5 volts stabiliz- 
ed, and should lie between 4.75 and 5.25 volts. 

If a logic 0 is applied to the input terminal in Fig. 1(a) this terminal is drawn down very nearly to the zero volt rail. In consequence, a current flows through the emitter -base junc- tion of the transistor and the 4kfl resistor. Assuming that the base - emitter junction of the transistor drops 0.6 volt, that the base resistor is exactly 4kfl and that the supply voltage is exactly 5, the maximum calculated current which can flow is 
1.1 mA (given by 4.4 volts divided by 4k 1I). In practice there are fairly wide 
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T.T.L, SEQUENTIAL 
SWITCH 
By G. A. French 

tolerances on the value of the resistor and other factors, and the maximum 
logic O input current quoted in the manufacturers' specifications is 1.6mA. 

When the input is in the logic 1 state, it is raised above the zero volt rail by around 3.3 volts or more. Under this condition (and assuming that no other emitter is held at logic 0) the transistor base of Fig. 1(a) takes up a positive potential lower than that of the emitter due to the other cir- cuitry in the i.c., and the emitter current which flows is proportionately 
very low, consisting of reverse bias leakage current. The maximum current figure quoted here by the 

Input 

4 kn 

(a) 

+5V 

OV 

manufacturers is 40µA. If, as in a NAND gate, one emitter moves to a logic 1 whilst.a second emitter remains at logic 0, the second emitter holds down the transistor base to a low level and the junction of the first emitter and the base again become reverse biased. The only current which then flows in the first emitter is the leakage current in the reverse biased emitter - base junction. 
These points explain, incidentally, 

why an unconnected input pin in 74 series logic automatically takes up the logic 1 state. The input has to be ac- tively drawn down to a low voltage by an external circuit if it is to be in the logic O condition. It is in order, with 

(b) 

Fig. 1(a). The basic form of a 74 series gate input stage 
(b). A basic output stage 
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simple slow speed circuits, to leave a 
74 series input open if it is desired that 
it take up a logic 1; but such an input 
should be taken to a suitable positive 
voltage or to the positive supply rail 
via a 1k Q. resistor if the i.c. is 
employed in a complex or high speed 
circuit. 

The basic output stage for an i.c. 
gate in the 74 family appears in Fig. 
1(b). When the output is in the logic 0 
state the lower transistor is turned ful- 
ly on and the upper transistor is cut 
off. Contrarily, when the output is at 1 

it is the upper transistor which is turn- 
ed on and the lower transistor which is 
off. There are several gates with open - 
collector outputs which omit the upper 
transistor and have the lower tran- 
sistor only, but we can dismiss these 
for the time being. 

The primary object of the output 
stage of Fig 1(b) is to drive one or more 
74 series inputs. Since a considerably 
higher current is required to draw an 
input down to the logic 0 state, the 
lower transistor in the output stage has 
its emitter connected directly to the 
zero volt line and its collector con- 
nected directly to the output terminal 
so that the only voltage dropped in the 
circuit is that across the transistor 
itself. With a silicon transistor turned 
well on, this voltage will be of the 
order of 0.2 volt. The maximum 
voltage quoted by the manufacturer is 
0.4 volt with 0.22 volt typical. 

The current requirement for an out- 
put at logic 1 is very much smaller, 
and the output voltage can rise to an 
acceptably high value even though the 
upper transistor of Fig. 1(b) has in 
series with it a 130 C resistor and a 
diode. 

It is obvious that, if we wish to drive 
an- external load from a 74 series out- 
put, we shall be able to draw a much 
larger current and have a higher 
voltage across the load if it is con- 
nected between the output and the 
positive rail rather than between the 
output and the negative rail. When the 
load is between the output and the 
positive rail the only item in series 
with it is the lower transistor of Fig. 
1(b), and this is intentionally designed 
to pass a relatively high current. 

The number of logic inputs to which 
a logic output can be connected is 
known as the output fan -out, and for 
74 series logic the fan -out normally 
has a maximum value of 10. Thus, one 
output can draw ten inputs down to 
logic 0, each input having a maximum 
current rating of 1.6mA, whereupon 
the total output current has a maxi- 
mum rating of 16mA. A 74 series out- 
put will, in chnsequence, drive any 
load connected between the output 
and the positive rail which does not 
consume more than 16mA. 

The same remark applies to a gate 
having an open -collector output in- 
tended for coupling to the 5 volt 
positive rail. Driver gates with high 
voltage open -collector outputs have 
different criteria, and are in any case 
designed for relatively high output 
currents. 

RELAY CIRCUIT 
The fact that an ordinary 74 series 

gate can drive a load at currents up. to 
16mA opens up a number of in- 
teresting applications, of which the 
most obvious is that the load be a relay 
coil. An almost tailor-made compo- 
nent here is the "Miniature Open P.C. 
Relay" with 410 II coil which is retail- 
ed by Dorain Electronics Limited, 
P.O. Box TR8, Wellington Road In- 
dustrial Estate, Wellington Bridge, 
Leeds, LS12 2UF. The current drawn 
by this relay with 5 volts across the 
coil is 12.2mA, which fits comfortably 
inside the 16mA maximum output 
current figure. 

The specified coil operate voltage 
range for this relay is 4.8 to 35 volts. 
The voltage across the relay coil will 
be 4.8 volts if the 74 series gate supply 
is exactly 5 volts and the voltage 
across the gate output transistor is 0.2 
volt, and so the specifications just 
coincide. In practice, of course, the 
supply voltage may be a little lower 
than 5 volts and the voltage across the 
output transistor a little higher than 
0.2 volt, whereupon the minimum 
specified voltage of 4.8 volts will not 
appear across the relay coil. However, 
the writer's experience with several 
samples of the Doram relay has shown 
that it just energises at voltages 
around 3.5 volts and operates reliably 
at a voltage of 4.35 volts. This is the 
minimum possible voltage if it is to be 
driven by a 74 series i.c. and is given 

7400 
7470 

Top view 

Si 

14 

ICI 1/2 7400 

7 

t 

when the supply rail is at 4.75 volts 
and 0.4 volt is dropped across the out- 
put transistor in the 74 series gate. If it 
was desired to definitely ensure that 
the relay operating voltage was within 
specification the supply voltage could 
be stabilized at about 5.2 volts but, in 
the writer's opinion, there should be 
no neccessity to work to such close 
limits. 

A simple circuit in which a JK flip- 
flop type 7470 directly controls the 
Doram relay is given in Fig. 2. This is 
a sequential switch in which the relay 
energises when push-button S1 is 
pressed and then releases when it is 
pressed again. Pressing S1 a further 
time will cause the relay to be energis- 
ed once more, and so on. The only dis- 
crete components are the relay, diode 
D1 and the push-button itself. 

Pressing Si results in a positive - 
going pulse edge being applied to the 
clock input of the flip-flop at pin 12, 
and this causes the Q output at pin 8 to 
change from its previous state. When 
the q output is low the relay energises, 
and in the author's circuit the voltage 
at pin 8 was then only 0.15 volt 
positive of the zero volt rail, which is 
lower than the manufacturers'. typical 
figure of 0.22 volt. The voltage at the 
not -Q output at pin 6 is opposite to 
that at the Q output, and the relay 
could alternatively be connected to 
this pin. The J and K inputs at pins 3, 
4, 10 and 11 are all returned to the 
positive rail. The 7470 has inverting J 
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Fig. 2. A sequential switch circuit in which a t.t.l. tlp-clop directly 
drives a relay coil 
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Fig. 3. A suitable power supply for the sequential switch 

and K inputs at pins 5 and 9 and these 
are returned to the zero volt rail. 

A JK flip-flop cannot be controlled 
directly by a switch because of contact 
bounce when the switch closes. Two 
NAND gates of a 7400 are, in conse- 
quence, interposed between the push- 
button and the clock input of the 7470. 
Pin 14 of the 7400 is taken to the 
positive rail and pin 7 to the negative 
rail. No connections are made to any 
of the pins of either integrated circuit 
which do not appear in the diagram. 

The two NAND gates form an RS 

latch and the configuration is a stan- 
dard one when a switch is coupled into 
a digital circuit. When Si is not press- 
ed the input at pin 1 of the upper 
NAND gate is low and so its output at 
pin 3 is high. As a result, both pins 4 
and 5 of the lower NAND gate are high 
and the output at pin 6 is low. The cir- 
cuit remains latched in this state when 
51 is partially pressed and its upper 
contacts break because of the low in- put at pin 2, but it changes 
dramatically when the two lower con- 
tacts are connected together. Input 5 

of the lower gate goes low, the output 
at pin 6 goes high and the output at 
pin 3 goes low. The circuit remains in 
this condition despite contact bounce 
in S1 and only reverts to its previous 
state when the switch is released and 
its upper contacts close again. 

Turning to components, the push- 
button is an s.p.d.t. type, as indicated. 
'l'he diode across the relay coil, D1, is 
included to prevent the formation of a 
high hack-e.m.f. in the coil when the 
relay releases. A germanium type is 
chosen in order to limit the back- 
e.m.f. to around 0.2 volt positive of the 
positive rail. The relay specified has 
changeover contacts rated at 5 amps 
for 250 volts a.c. or 30 volts d.c. It is 
intended for soldering to a printed cir- 
cuit board, but it can also be mounted 
in conventional fashion by means of 
two 8BA bolts and nuts. Its metal 
frame is common with its moving con- 
tact and this fact must be borne in 
mind if the relay is employed to switch 
mains voltages. 

Constructors will probably have 
their own approaches towards ob- 
taining the 5 volt stabilized supply. If 
it is intended to make up a power 
supply specifically for the sequential 
switch, a suitable circuit is given in 
Fig. 3. The mains transformer, T1, can 
be any small heater transformer with 
a secondary voltage of 6.3 volts. 

A chassis symbol is shown in both 
h'igs. 2 and 3. This may be ignored if 
the circuits are fitted in an insulated 
housing such as a plastic case. 

COURSE REVIEW 
Of interest to beginners will be the series of books on "Basic Electronics" which has been produc- ed by Project Technology, a body set up by the Schools Council at the College of Education, Loughborough. The aim of Project Technology is to promote a better understanding by pupils at all ability levels of the relevance of technology to society, and it has produced material which directly in- volves the pupil in the application of scientific knowledge to practical problems. The material on elec- tronics is, of course, just as useful and helpful to those who have left school and are embarking on electronics as a hobby or a career. 
The "Basic Electronics" course consists of five books which are intended to be read in numerical order. Book 1 (79 pages) is entitled "Introducing Electronics, Measuring Instruments", and shows how electronics is employed in all sections of modern life. It then deals with measuring instruments, these including the oscilloscope, the signal generator and the multimeter. "Resistors in Circuits, Capacitors in Circuits" is the title of Book 2 (1 12 pages), and the first section deals extensively with resistors, describing the various types and illustrating their functioning in circuits. The second part of the book deals with capacitors in a similar manner. 
Book 3 (96 pages), "Inductors in Circuits, Diodes in Circuits", takes the reader further into the world of electronics and starts to demonstrate the properties of semiconductor devices. Book 4 (80 pages) covers "Meters, Voltage -dividers". The section on meters deals fully with meter shunts, series voltmeter resistors and ohmmeter circuits, whilst the remaining part of the book covers the field of voltage dividing circuits and their applications in such instruments as the Wheatstone bridge. "Tran- sistors in Circuits, Transistors in Action, Post -transistor Projects" is the title of Book 5 (192 pages). This completes the course and takes the reader through transistors, transistor operation and tran- sistor circuits, leading up to the operational amplifier. 
The books are well illustrated with clear diagrams and include projects such as simple radio receivers, intercom amplifiers, intruder alarms, light operated devices and metal locators. Books 1 to 4 inclusive are priced at £1.25 each, and Book 5 at £2.00. 
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RELAY 
MULTIVIBRATOR 

The 
allows 

By D. W. Savage 

addition of a single capacitor 
two relays to function as a 50:50 

multivibrator. 

This useful little relay circuit appeared in the April 
1976 issue of the Soviet journal Radio. When we tried 
it out in practice with two P.O. 3000 relays we found 
it worked so well that we felt it should be brought to 
the notice of readers of Radio & Electronics 
Constructor. 

THE CIRCUIT 
The circuit appears in the accompanying diagram, 

in which the blocks designated A/2 and B/2 are the 
coils of relays A and B respectively. Contact B1 is a 
normally closed contact set of relay B, and contact 
Al is a normally closed contact set of relay A. 

When the supply is applied both contact sets are 
closed. A charging current flows via the coil of relay A 
to the electrolytic capacitor Cl and relay A energises, 
causing its contact set Al to open. The voltage across 
the capacitor increases as it charges. Relay B cannot 
energise as the circuit to its coil is broken by contact 
set Al. 

After a period the voltage across Cl rises to a level 
at which the remaining voltage available for coil A/ 2 

is too low to allow relay A to remain energised. Relay 
A releases and contact set Al closes, connecting the 
charged capacitor across the coil of Relay B. Relay B 

A2 

The circuit of the relay multivibrator. The 
relays energise alternately as the capacitor 

charges and discharges 

energises and its contact set B1 opens, breaking the 
circuit to the coil of relay A. 

The capacitor now discharges into the coil of relay 
B, until the voltage across it falls to the level at which 
relay B releases. Contact set Bi closes and the voltage 
now available for coil A/2 is more than sufficient for 
relay A to energise. Contact set Al opens and the 
capacitor starts to charge again via the coil of relay, A. 

This continues until the voltage across the coil of 
relay A falls to the release level. Contact set Al 
closes, the capacitor discharges into coil B/ 2, and the 
cycles continue. 

External circuits can be switched by a second con- 
tact set on either relay A, or relay B, or both. 

The two relays should be of the same type and 
have the same coil resistance. Relays having a release 
coil voltage which is considerably lower than the 
energise voltage are to be preferred. The supply 
voltage may be approximately twice the voltage nor- 
mally employed to energise a single relay. 

PRACTICAL RESULTS 
The circuit was checked with two P.O. 3000 relays 

having 500 (coils. The supply was an 18 volt battery. 
Initiglly, Cl was 1,000pF 

The circuit functioned satisfactorily with a 50:50 
cycle being completed in about 2.5 seconds. This is 

much longer than the time constant given by 1,000µF 
and 5000 would lead one to believe; doubtless the 
relay coil inductance, in opposing changes in current 
flow level, adds considerably to the length of each 
half -cycle. Changing the capacitor to 2,0000' 
roughly doubled the length of the cycle to ap- 
proximately 5 seconds. Further increases in the value 
of the capacitor will result in roughly proportional in- 
creases in cycle length. 

Rather surprisingly, the circuit operated well with 
quite low values of capacitance, and the minimum 
which gave good results was 50 F. With this value the 
relays completed a cycle in about 0.4 second. Relay 
operation was quite definite, with sharp energising 
and release actions. 

These notes should enable constructors to set up 
similar circuits. The relay coil resistances do not, of 
course, have to be 500e provided that both 
resistances are the same. It is probable that best 
results will be given with relays having fairly high 
resistance coils, say above 300.f1 or so. The value of 
capacitance required for a particular cycle length can 
be found by experiment. 
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NEWS AND 
LABORATORY TWIN STABILISED POWER SUPPLY 

The new Twin Stabilised 
Li stead Electronic truments of Roslyn Road, London, N15 5JB is the S10. Intended for laboratory use it is a highly stable, completely isolated twin supply giving up to 2 amos over the range of 0 to 30 

pedance is less than 0.2 ohms up to 1MHz. 
The output voltage is controlled by a 5 volt step switch and a 0-5 volt fine control potentiometer. The ripple at all loads is less than 300 microvolts r.m.s. and the line regulation better than 0.01%. The output resistance is less than 0.005 ohms and the output im- pedance is less than 0.2 ohms up to 1Mhz. Over current protection is variable and calibrated over two ranges 0-200mA and 0-2 amps. It is easy, therefore, to set the maximum current very accurate- ly. If this current is exceeded the volts automatically fall back to zero and a manual reset cutout operates. 
Remote sensing is provided to compensate for voltage drop, where long leads are being used. Both supplies are completely isolated with respect to'each other and earth allowing series or parallel con- nections and ± supplies to be constructed. It is, therefore, possible to obtain up to 60 volts at 2 amps or up to 30 volts at 4 amps. 
Both outputs are metered and can be selected to monitor voltage or current. 
The small size of the S10 (20.5 cm x 20 cm x 17.5 cm) means that it occupies a minimum amount of bench space and with its very high performance specification makes it an ideal piece of laboratory equipment. 
Price: £137. 

DESIGN CENTRE DISPLAY TO AID HI-FI UNDERSTANDING 
Technical terms freely used by manufacturers can be baffling, but a display in The Design Centre, clos- ing date 8th January 1977, will help all those who know little about hi-fi. As well as showing a selection 

of well -designed British hi-fi equipment, the display 
will show how hi-fi is achieved, and a specially prepared hi-fi guide will available to help the non- specialist to understand what hi-fi is all about. The centrepiece of the display will illustrate how the hi-fi system works while a commentary recorded 
by John Borwick, audio editor of the `Gramophone', 
will explain in non -technical terms the various com- ponents needed for a successful hi-fi system. In con- junction with this exercise a `Design Centre Guide to British Hi-Fi' has been compiled in association with the `Gramophone'. An invaluable guide to prospective 
purchasers, if offers advice on selecting the right hi-fi equipment, illustrates some well -designed products 
take from Design Index, and explains how hi-fi is measured and the technical specifications used. 

Several well-known manufacturers will be ex- hibiting their products in the display. The Acoustical Manufacturing Company's Quad 405 amplifier, 
which won a Design Council award earlier this year, 
will be on show and other amplifiers will be supplied 
from Armstrong Audio Ltd., Spendor Audio Systems Ltd. and Leeson Systems Ltd. A variety of 

loúdspeakers will be displayed by Gale Electronics, Jordan -Watts Ltd., Monitor Audio Ltd. and Rank 
Audio Visual Ltd. 

Those who prefer more compact stereo systems and `musicentres' will be interested in the models from Rank Radio Ltd and ITT Ltd. Other equipment on display will include turntables, pick-up arms and headphones, together with record ana cassette storage racks. 
The Design Centre is situated near Picadilly Circus at 28 Haymarket, London SW1. 

ANNOUNCEMENT 
Owing to rising costs we regret that the cover price 

of this magazine will be 40p, commencing with the next issue. Annual Subscriptions will remain at £5.50. 
We have a number of exciting projects lined up and our next issue will contain extra pages, thus enabling us to continue our policy of giving more space for ar- ticles than most of our contemporaries. 
To make sure of your copy place a regular order with your newsagent. 
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COMMENT 

UHF TV PATTERN GENERATOR INTRODUCED 

Doram Electronics Limited, the Leeds based mail- 
order distributor of Electronic Construction Kits, 
audio and electronic components, have introduced a 

sophisticated yet simple to construct and operate 
UHF TV Pattern Generator. 

As with all Doram construction Kits, this new and 
compact device has undergone extensive assembly 
and test trials with the result that graduate TV Ser- 
vice Engineers can build, with comparative ease, a 
really efficient test unit that will not only give long 
lasting service, but will be a very economical asset in 
the workshop or in. field TV servicing. 

The cleverly designed circuit with extensive use of 
integrated circuits does not require alignment and in- 
corporates its own pulse generator to provide the add- 
ed advantage of interlaced scan. 

A special feature is the inclusion of a visually ad- 
justed frequency control which exactly locks its drift - 
free oscillator to both the TV line and frame sync. The 
four test patterns namely blank, dots, grey -scale and 
crosshatch have been carefully selected to provide 

fast but accurate alignment of static and dynamic 
covergence, geometry, focus, beam limiting, grey scale 
and black level clamp. 

For operation the device only requires connection 
to mains and the aerial socket of the TV. 

The dimensions are 200 x 75 x 125 mm. Further 
details from Doram Electronics Ltd., P.O. Box TR8, 
Leeds 12 2UF. 

BBC SEEKS GO-AHEAD FOR 

SPECIAL TRAFFIC REPORTS 
SERVICE 

It is always encouraging to learn of the possible use 
of radio to ease our traffic problems. 

A BBC scheme for road traffic information service 
direct to the motorist was recently put though its 
paces. Senior policemen, top Civil Servants, represen- 
tatives of the AA, RAC, the Road Research 
Laboratories and the press went on a circular coach 
tour of London to hear how motorists could be given 
local traffic information over a small, cheap, fixed - 
tuner receiver in their car. 

The scheme gives separate local traffic information 
via a network of low -power transmitters operating on 
the same frequency in the medium wave band. As the 
motorist travels, a receiver in his car automatically 
picks up the information being transmitted locally. 

The receiver, could cost as little as £7 and could be 
so wired that it cuts into any programme the driver 
may choose to listen to on his car radio. 

The key to the low -power system is that the infor- 
mation can be delivered in short messages repeated or 
updated at intervals, with longer periods of silence. 

It was made clear the BBC was putting forward the 
scheme as an idea, and it was not proposed that the 
cost of the scheme should be a charge on the licence 
fee. 

JANUARY 1977 

ELECTRONICS SUMMER 
SCHOOL FOR TEACHERS 

The Department of Electrical Engineering Science 
at Essex University will be holding its annual Elec- 
tronics Summer School for teachers during the week 
July 11-15 1977. Two courses will be run 
simultaneously. The Linear Circuit Design course is 

concerned with the use of transistors and operational 
amplifiers in analogue applications and the basic cir- 

cuits of a hi-fi amplifier are investigated in detail. The 
Digital Circuit Design course concentrates on the use 

of the transistor as a switch and develops design using 
integrated logic circuits; a digital patchboard is used 
to introduce the concepts of combinational and se- 

quential logic design. 
Further information on the Summer School can be 

obtained from R. J. Mack at the Department of Elec- 
trical Engineering Science, University of Essex, 
Wivenhoe Park, Colchester CO4 3SQ. 



THE '6-9' GAME 
By R. J. Caborn 

An amusing game for two contestants which can be programmed to 
offer a test of skill or provide a pure gamble. 

This is a simple electronic game for two players, 
and it incorporates two inexpensive integrated cir- cuits, a seven -segment digital 1.e.d. display and a few 
other components. The seven -segment display alter- nately shows the figure 6 and the figure 9. The con- testants each have a switch which causes the display 
to `freeze' at the number which is showing when the 
switch is operated, whereupon one player endeavours 
to hold the display at the figure 6 and the other at the figure 9. If a player operates his switch at an incorrect 
time, the number shown is that of his adversary who thereby gains a point. The length of time in each cycle when the figure 6 is displayed is exactly equal to the time when the figure 9 is shown, with the result that 
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there is a complete lack of bias towards one number or the other. 
A continuously variable speed control changes the length of the cycle over a range of 0.7 second to 0.1 se- cond. At the slower cycle speeds operation of the switches is a test of the reaction time of the con- testants. At the higher speeds the number displayed after operation of a switch is purely a matter of chance. 

CIRCUIT OPERATION 

The circuit of the '6-9' game appears in Fig. 1. This 
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employs a 555 timer in conjunction with a J -K flip- 
flop type 7470. A device employing these two in- 
tegrated circuits to produce a continually changing 
50-50 output has been described earlier in this jour- 
nal, and was used in a simpler application which 
demonstrated flip-flop operation in "In Your 
Workshop" in the June 1976 issue. Credit for the idea 
is therefore due to the erudite Smithy and his 
enthusiastic associate, Dick. 

In the present circuit the 555 timer is employed in a 
standard astable multivibrator circuit in which Cl 
charges via Rl, R2 and VR1, and discharges via R2 
and VR1. The length of the cycle can be varied by 
adjusting VR1, which is a front panel control. 

A series of regularly spaced pulses appear at the 
output, pin 3, of the timer and are passed via S1 and 
S2 to the clock input, pin 12, of IC2. Si and S2 are the 
two switches operated by the contestants, and they 
are normally closed. IC2 is a t.t.l. J -K flip-flop with 
the J and K inputs at pins 3, 4, 10 and 11 taken to the 
positive rail. Pins 5 and 9 are inverting J and K in- 
puts, and these are connected to the negative rail. 
Pins 14 and 7 are positive and negative supply pins. 

The flip-flop outputs at pins 8 and 6 are Q and not - 
Q respectively. (Not -Q is represented by the letter Q 

with a bar over it.) These change state from the 1 to 
the 0, or from the 0 to the 1, condition with each pulse 
from the 555 timer. Since pin 8 is Q and pin 6 is not -Q, 
pin 8 is always at 1 when pin 6 is at 0, and vice versa. 
Both outputs are capable of drawing 16mA from the 
positive supply when they are in the 0 state. In the 0 

condition, either output is about 0.2 volt positive of 
the negative supply rail. 

The seven -segment display is 'a TIL302 or 
equivalent, and has the pin allocations shown in Fig. 

2. Here, "D.P." refers to the decimal point, which is to 

Cathode A I 14 5 Anode Aß 

Cathode F ú 
2 13 Cathode B 

Anode E,F,G, D.P. J3 Omitted 

Omitted II 
ü 

Cathode G 

Omitted io Cathode C 

D.P. 

Cathode D.P. ü6 9 Anode C,D 

Cathode E 7 
B11 Cathode D 

TIL302 Top view 

Fig. 2. Pin allocations for the seven -segment 
digital display type TIL302 

COMPONENTS 

Resistors 
(All fixed values . watt 5%) 

Rl 4.7kû 
R2 lkû 
R3 1kû 
R4 lkû 
R5 1kû 
R6 lkû 
R7 1kû 
R8 1kû 
R9 1kû 
R10 39û 
R11 1kû 
VR1 20kû potentiometer, linear 

Capacitors 
Cl 10,íF electrolytic, 10 V. Wkg. 
C2 100uF electrolytic, 10 V. Wkg. 

Semiconductors 
IC1 555 
IC2 7470 
TR1 BC107 
ZD1 BZY88C5V6 
DD1 TIL302 or equivalent (see text) 

Switches 
S1 s.p.s.t. toggle 
S2 s.p.s.t. toggle 
S3 s.p.s.t. toggle 

Battery 
BY1 9 -volt battery (see text) 

the left of the displayed figure and which acts as a 
convenient orientation marker for determining the 
pin numbers of the display. The pins are behind the 
body of the display, pointing away from the reader. 

The seven segments of the display which make up 
the figures are identified by the letters A to G, as il- 
lustrated in Fig.3(a). Figure 6 is formed by lighting 
up the segments shown in Fig. 3 (b), whilst 9 is formed 
in the manner illustrated in Fig. 3(c). It will be seen 
that segments F, G and C are illuminated for both 
numbers. 

Returning to Fig. 1, the three common anodes of the 
display, at pins 3, 9 and 14, are connected to the 
positive rail. Pins, 2, 11 and 10, for segments F, G and 
C, are returned to the negative rail via R7, R9 and R8, 
with the result that these three segments are con- 
tinually illuminated. When the Q output of IC2 is at 
0, segments E and D of the displayare lit up via pins 7 

and 8 and resistors R3 and R4. he figure 6 is conse- 
quently displayed. Similarly, when the not -Q output 
is at 0, segments A and B are illuminated, by way of 
pin. 1 and 13 and resistors R5 and R6, to form the 
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Fig. 3(a). The seven segments of the display are identified by letters, as shown here 
(b). The segments which are illuminated for 

figure 6 
(c). Here the segments light up to form figure 9 

figure 9. Thus, the numbers 6 and 9 appear alternate. ly in the display. 
The values of R3 to R9 allow a current of ap- proximately 3mA to flow in each segment when it is il- luminated. This rather low current is chosen in the in- terests of battery life, but the resulting display is still more than adequately bright. 
The 7470 requires a supply voltage of 5 volts for correct operation, and this is provided by the simple zener regulating circuit comprising ZD1, TR1 and R11. R10 is included to limit surge current on switching on as C2 charges. S3 is the on -off switch. The current drawn by the circuit is approximately 

35mA and so a large battery, such as the PP9, is recommended. A better choice would be three 3 -volt cycle lamp batteries (Every Ready No. 800) con- nected in series. 

SWITCH OPERATION 

As already mentioned, S1 and S2 are the con- testants' switches, and are normally closed. If either switch is opened, the output of the 7470 remains in the condition it held at the instant of opening the switch, and the seven -segment display retains a 6 or a 9, as applicable. When one contestant's switch is opened the other switch has no control over circuit operation. 
S1 and S2 are toggle switches since this type gives a definite switching action. If simple push -buttons which open when pressed were employed it would be possible to cheat by pressing these lightly and nudging" the output to the alternative number if the one selected happened to be incorrect. Push-button switches having a definite toggle action could, however, be employed. 

One of the features of the game is that, so far as scoring is concerned, it does not matter which switch is opened. If the player favouring 6 inadvertantly 
selects a 9 then the advantage accrues to his oppo- nent. The switches can be operated at any time, although each contestant will naturally try to operate his own switch as many times as possible in order to score the highest number of points for the display of his figure. When a figure has been displayed and noted, the switch which has been opened is closed again and the game proceeds. 
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The total length for a complete cycle from the 555 timer depends upon the setting of VR1. When VR1 in- serts maximum resistance into circuit the cycle time calculates at approximately 0.35 second, giving a total cycle period at the 7470 outputs of 0.7 second. If VR1 inserts zero resistance into circuit, the calculated time for a cycle from the 555 is approximately 0.05 second, whereupon that from the 7470 is 0.1 second. Because of component tolerances, the cycle times given in practice will vary somewhat from the calculated figures. With the cycle period at its longest it is a relatively easy matter to operate S1 or S2 to select a particular figure but, even at this slow speed, errors can be surprisingly frequent. About the best cycle length when skill is to be assessed is given with an overall cycle length of about 0.4 second. Each figure is then illuminated for 0.2 second, as opposed to the nor- mal human reaction time of around 0.3 second. The game, incidentally, can offer a convincing demonstra- tion that, contrary to th beliefs of some drivers, a few drinks do not speed reaction time! 
VR1 is a normal carbon track potentiometer. If dif- ficulty is experienced in obtaining a 20k S2 compo- nent, a 22ka) or 25kS2 potentiometer may be employed instead, with a consequent increase of the longest cycle period available. 
The TIL302 will plug into a 14 pin d.i.l. integrated circuit holder. There are a number of similar seven - segment displays available with a nominal display height of 0.3in. Notable amongst these is the SLA7, which has a single common anode for all segments connecting to pin 14. With this display, pins 3 and 9 are omitted. The other pins are the same as with the TIL302. 
The components can be assembled in any small metal or plastic case large enough to accommodate them. The three switches and the seven -segment dis- play are mounted on the front panel, with S1 and S2 near opposite edges. To avoid argument, it is of ad- vantage to have one of these switches identified by the figure 6 marked on the front panel and the other similarly identified by the figure 9. 
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EXPERIMENTAL 
AERIAL 

TUNING 
UNIT 

By 
Henry Hatch 

The tuning unit in its completed form. The two 
variable capacitors are mounted on the front 
panel with the coil positioned horizontally 
behind them. The tinned copper wires at the 
coil taps project upwards, and the crocodile 
clip connects to whichever of these is required 

Intended for boosting signal strength on the short wave broadcast bands, 
this low-cost design takes advantage of homely materials in its construc- 

tion. 

This simple and inexpensive piece of home - 
constructed equipment is intended for connection 
between a short wave receiver and an aerial, and it 
should in almost every instance increase signal to 
noise ratio on the international short wave bands. 
Cost is low and only essential components have been 
used. 

As can be seen from Fig. 1, the unit employs a pi 
matching circuit incorporating a series tapped coil 
with two variable capacitors at either end coupling to 
earth. Each tap in the coil corresponds to one of the 
short wave broadcast bands. 

CONSTRUCTION 
The first step in construction is to acquire a former 

for the coil. This is approximately 1 in. in diameter 
and can be very convenientiy provided by about 51in. 
cut from a broom handle. (Almost all broom handles 
checked by the writer are 1 in. in diameter.) The wood 
should be perfectly dry and can, if desired, be 
painted. 

About 80 turns of 20 s.w.g. enamelled wire are 
close -wound on this former, the ends being anchored 

Aerial 3T 3T 5T 5T 8T IOT IOT IST 

VC' 

Earth 

Receiver 

Fig. 1. The simple circuit employed in the aerial 
tuning unit 
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by soldering at two tags screwed into the wood. The start of the coil is about lain. from one end of the former. The coil has 8 taps, one for each of the main short wave broadcast bands of 11, 13, 16, 19, 25, 31, 41 and 49 metres. 
The first tap, for 11 metres, is 3 turns from the start, and the second tap, for 13 metres is at 3 turns further on. The 16 metre tap is 5 more turns on, and the 19 metre tap another 5 turns after this. The 25 metre tap appears after 8 more turns, the 31 metre tap after 10 more turns and the 41 metre tap alter another 10 more turns. The final tap, for 49 metres, follows a further 15 turns. There are about 20 turns of the coil remaining and these are available for ex- perimental. purposes later on. 
Of these taps the only critical one is the first for 11 metres, and it may be found necessary to shift this tap by half a turn on one side or the other of the position specified. If taps are made every 5 turns after the 19 metre tap it would be possible for the unit to cover any frequency in the range. However, this requires some skill in soldering and the taps will all be rather close together. 

VC2 

Moving vanes 

49M 41M 31M 

Fixed vanes 

25M 

I9M 

IIIII 

. . . . 

I1ii1l1ll 11 

I 

16M 

The easiest way of making a tap consists of inser- 
ting a small thin screwdriver blade under the coil wire 
at the required tapping point and levering it up slight- 
ly. Then, leaving the screwdriver in place, about ¡in. 
of the enamel is scraped off and a piece of 20 s.w.g. tinned copper wire ;in. long with '-¡in. beat at right 
angles at the bottom is soldered to the coil wire. The tinned copper wire projects upwards. The screwdriver 
is next removed and the coil wire pressed back into its 
original position. 

PANEL AND BASEBOARD 
A panel and baseboard are required, and these can 

be assembled as shown in Fig. 2 and the photograph. 
Two pieces of ¡in. plywood are quite suitable. In the author's unit the coil former is passed through a lin. 
hole in a wooden block measuring 2+ by 1Z by tin. 
thick. Any other means of mounting the former may be used provided that the material employed is main- 
ly wood or another insulating material. VC1 and VC2 
are mounted on the front panel. These two capacitors 
can have values of 350 to 500pF. The author used the rear sections of two 2 -gang capacitors which happen- 

VC1 

«MN 

Moving vanes 

II 

Earth Receiver Aerial 

Panel 51/2"x 3" 

Base 51/2 *x 51/2" 

Former 51/4"x I"dia 

Block 21/2.x I1/2'x 5/13. 

Fig 2. Practical appearance of the unit. Dimensions are not critical provided that the general layout is 
observed 
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ed to be available, but single gang capacitors will nor- 
mally be employed. The capacitors must be air - 
spaced types. 

A 3 -way terminal strip is fitted at the rear of the 
baseboard for connections to the aerial, earth and 
receiver, after which the unit is wired up as shown in 
Fig. 2. The crocodile clip lead from the fixed vanes tag 
of VC2 uses flexible wire and should be long enough to 
allow the clip to connect to any of the coil taps. All the 
remaining wiring uses single core tinned copper wire 
of around 20 s.w.g. 

The unit is now ready to be tried out. First tune in a 
short wave signal with the aerial connected to the 
receiver in the normal manner, then connect the tun- 
ing unit between the aerial and the receiver. The 
aerial and earth connect to the appropriately iden- 
tified terminals on the tuning unit, with the earth con- 
nection to the receiver being maintained. The 
`Receiver' terminal connects to the aerial input of the 
receiver. Select the appropriate coil tap and adjust 
VC1 and VC2 for maximum signal level. If the 
receiver is fitted with an S -meter it is probable that 

the tuning unit will increase meter deflection by some 
two S -points or more. There has always been dis- 
agreement amongst amateurs as to how many 
decibels are represented by an S -point, although most 
will agree to a minimum of 4dB, which corresponds to 
a voltage ratio of more than 1.5. Clearly, an improve- 
ment of several S -points in signal strength is really 
worth -while. 

Beginners may ask how it is possible to achieve an 
increase in signal strength with the aerial tuning unit 
when it employs no amplifying device such as a tran- 
sistor or a valve. The answer is that the unit ensures 
that as much as possible of the signal energy picked 
up on the aerial is passed to the receiver by providing 
optimum matching between the two. 

As a final point, a warning must be given concer- 
ning mains operated receivers. The unit must not be 
used with a mains operated receiver unless the 
receiver chassis and earth terminal are fully isolated 
from the mains supply by way of a double -wound 
mains transformer. 

NEXT MONTH IN 
SPECIAL FEATURES 

IIADIOhELECTRONICS 
CONSTRUCTOR 

MAGNETIC CARTRIDGE PRE -AMPLIFIER 
Many hi-fi amplifiers have an input which is suitable for a ceramic pick-up only. This article 

describes a stereo pre -amplifier which brings output of a magnetic cartridge up to the same level as 
that of a ceramic pick-up, and which also gives the necessary frequency response equalisation. 

MEDIUM WAVE PRESELECTOR 
A preselector design incorporating its own ferrite rod aerial 

and employing a dual gate MOSFET in the interests of low 
cross -modulation. It is primarily intended for use with the 
medium wave DX superhet as described in the previous two 
issues. Gji 

INTEGRATED CIRCUIT T.R.F. TUNER 
This article describes a simple medium and long wave tuner incorporating the integrated circuit 
type ZN414. 
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FEATURES 
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Price 40p 
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SIMPLE REGENEE 
` \\ \\ 

_. 

The front panel layout of the receiver 

This simple receiver covers what is virtually the 
complete short wave spectrum from approximately 
1.5 to 36MHz. There are three ranges, these being 
selected by plugging in Denco Miniature Dual Pur- 
pose coils. Quoting the Denco range numbers, these 
are Range 3, 1.5 to 5.5MHz; Range 4, 5 to 17MHz; 
and Range 5, 10 to 36MHz. The use of plug-in coils makes construction much easier than would be the 
case if bandswitching were employed. The coils are the Green type, and are normally associated with 
valve usage. 

The basic receiver circuit employs two transistors, 
one of which is a field-effect type functioning as a regenerative detector whilst the other is á bipolar 
transistor providing a.f. amplification. The output is suitable for magnetic headphones having a resistance 
of 2k fl per phone, or for any other load of 4k11 or more. If desired, an optional untuned r.f. amplifier, 
which employs another f.e.t., can be added before the regenerative detector stage. 

Excellent results have been obtained with the basic receiver using an indoor aerial only 6 metres long. A 
long outdoor aerial will provide better results, but an indoor aerial will suffice in locations where a proper 
outdoor type is not feasible. Current consumption of the basic receiver is about 2mA, this rising to about 
3.5mA if the untuned r.f. amplifier is fitted. A 9 volt PP3 battery provides many hours of operation. 

B 

This little receiver employs an unus' 
and covers 1.5 to 36MHz by means o 
headphone level, and it may alternati% 
particular attraction is the low current 

ly bE 

CIRCUIT DETAILS 

The circuit of the basic two transistor receiver is 
given in Fig. 1. TR1 is the regenerative detector with 
feedback, or regeneration, being controlled by VC2. 
Since the drain and source are in phase at signal fre- 
quencies the feedback is positive. VC2 functions as a 
coarse feedback control, with VR1 acting as a fine 

O o 

GS D 

MPF 102 
Lead-outs 

Fig. 1. Circuit of the two tran 
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ATIVE S.W. RADIO 
berts 

BI regenerative f.e.t. detector circuit 
three plug-in coils. The output is at 
'Îy be applied to an a.f. amplifier. A 
Which is drawn from the 9 volt supp- 
tery. 

i 

feedback control. For normal a.m. listening the feed- 
back is adjusted to a point just below that at which os- 
cillation commences. 

A regenerative detector relies upon the fact that it 
distorts the r.f. signal by amplifying one set of half - 
cycles more than the other set. The result is a partial 
rectification which produces the required detection. 
The use of regeneration increases the distortion and 

)Ake 2 
SK2 

R4 

i 
TR2 

BC 109C 

BCIO9C 
Lead -outs 

nsistor basic receiver 

Sr +9V 

C6 
Phones 
SK4 

The only components appearing above the 
chassis are the plug-in coil, the bandset tuning 
capacitor and the variable feedback capacitor 

thus enhances detection efficiency. Regeneration also 
increases the gain of the amplifier to which it is 
applied and for these two reasons regenerative detec- 
tors are extremely sensitive. However, in order to ob- 
tain optimum results the detector regeneration level 
must be adjusted very carefully, as will be described 
more fully later. 

The r.f. choke in the source circuit of TR1 provides 
a fairly high impedance at r.f., and also allows a ready 
path for the d.c. supply current for the transistor. The 
source resistance, given by VR1 and R2 in series, is 
bypassed at r.f. by C2 and at a.f. by C3. The circuit 
will in fact function without C3, but there is a slightly 
higher output when it is included. C2 is employed 
as well because some electrolytic capacitors do not 
provide an efficient bypass at high radio frequencies. 

The tuned circuit which selects the required signal 
consists of the parallel combination of VC1 and VC3 
and the winding of L1 between pins 2 and 5. VC1 is 
the main tuning or bandset capacitor whilst the lower 
value VC3 is the bandspread control. The aerial input 
is applied to the coupling winding between pins 8 and 
9, with the aerial plugging into SK1 or SK2. The 
aerial is normally coupled to SK1, but if propagation 
conditions are good and the set is being swamped by 
strong signals the aerial is tranferred to SK2. C8 then 
attenuates input signals to some degree and prevents 
the overloading. It should be noted that the coils 
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REGENERATIVE SVA 

Br 

A. P. Aloberts 

This little receiver employs an unusual regenerative f.e.t. detector circuit and covers 1.5 to 36MHz by means of three plug-in coils. The output is at 
headphone level, and it may alternatively be applied to an a.f. amplifier. A particular attraction is the low current which is drawn from the 9 volt supp- 

ly battery. 

CIRCUIT DETAILS 

The circuit of the basic two transistor receiver is 
given in Fig. 1. TR1 is the regenerative detector with 
feedback, or regeneration, being controlled by VC2. 
Since the drain and source are in phase at signal fre- 
quencies the feedback is positive. VC2 functions as a 
coarse feedback control, with VR1 acting as a fine 

VC3 

Cl 

11 

feedback control. For normal a.m. listening the feed- 
back is adjusted to a point just below that at which os- 
cillation commences. 

A regenerative detector relies upon the fact that it 
distorts the r.f. signal by amplifying one set of half - 
cycles more than the other set. The result is a partial 
rectification which produces the required detection. 
The use of regeneration increases the distortion and 
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III 
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VRI 
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C4 

0 
MPF102 
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Lead -outs 
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R4 

C5 
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TR2 

BC 109C 
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C6 
e_tni_e _j Phones 

SK4 

BCIO9C 
Lead -outs 

Fig. 1. Circuit of the two transistor basic receiver 
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specified for Ll have a third winding between pins 3 
and 4. This winding is not employed in the present 
circuit and is.not shown in Fig. 1. 

TR2 is a high gain common emitter a.f. amplifier, 
with R5 as its collector load and R4 providing base 
bias. The detected signal from TR1 drain is applied 
via R3 and C4, the latter providing d.c. blocking. R3 
and C5 function as a filter which prevents any r.f. 
signal from the detector reaching the base of TR2. 

COMPONENTS 

Resistors 
(All fixed values ; watt 5%) 

R1 3.3kn 
R2 390 
R3 6800 
R4 3.3M0 
R5 5.6kn 
R6 3.9kn 
R7 680 
R8 6800 
VR1 5ko potentiometer, linear, with switch Sl. 

Capacitors 
Cl 0.01uF ceramic 
C2 6,800pF polystyrene 
C3 10µF electrolytic, 10 V. Wkg. 
C4 0.14F type C280 (Mullard) 
C5 0.01µF type C280 (Mullard) 
C6 10µF electrolytic, 10 V. Wkg. 
C7 100µF electrolytic, 10 V. Wkg. 
C8 5.6pF ceramic or silvered mica 
C9 0.047µF type C280 (Mullard) 
C10 0.01/íF type C280 (Mullard) 
VC1 365pF variable, type 01 (Jackson) 
VC2 50pF variable, type C804 (Jackson) 
VC3 15pF variable, type C804 (Jackson) 

Inductors 
Ll Miniature Dual -Purpose Coils, Green, Ranges 
3, 4 and 5 (Denco) 
L2 10mH r.f. choke, type CH4 (Repanco) 

Transistors 
TR1 MPF102 
TR2 BC109C 
TR3 2N3819 

Sockets 
SK1, 2, 3 wander plug insulated sockets 
SK4 3.5mm. jack socket (see text) 

Switch 
S1 s.p.s.t. toggle (part of VR1) 

Miscellaneous 
B9A valveholder 
4 knobs (see text) 
Veroboard, 0.15. matrix 
Veropins, 0.15in. 
9 volt battery type PP3 (Ever Ready) 
Battery connector 
16 s.w.g. aluminium sheet 
Wire, nuts, bolts, etc. 

Such filtering is essential as the frequency response of the a.f. amplifier can extend well into the r.f. spec- trum, and any r.f. entering this stage could cause in- stability. R3 and C5 also attenuate the higher audio frequencies, with a consequent improvement in signal-to-noise ratio. 
The output signal is taken from SK4, C6 giving d.c. blocking. There is only one supply bypass capacitor, and this is C7. Si is the on -off switch and is ganged with VR1. 

CHASSIS AND PANEL 
A home-reade chassis and front panel are 

employed, these being constructed from 16 s.w.g. 
aluminium sheet. Fig. 2 gives the dimensions of the 
chassis and it is advised that this be made before the 
front panel is drilled. 
'.A ;in. diameter hole is punched in the deck of the 

chassis and a B9A valveholder is mounted in this. 
This valveholder takes whichever coil is in use. If a 
suitable chassis punch is not available, an alternative 
method of making the hole is to drill a series of closely 
spaced small holes just inside the circumference of 
the cut-out and then break out the centre piece of 
aluminium. The rough edges are then removed and 
the hole filed out to the required diameter with the aid 
of a small half -round file. The valveholder is used as a 
template for marking out the positions of the two 6BA 
clear mounting holes. The valveholder is mounted 
with the orientation shown in Fig. 4, and there is a 
6BA solder tag under one of its mounting nuts. 

The remaining small hole in the chassis deck will 
allow the passage of several leads, and its precise 
positioning is not important. Also shown in Fig. 2 are 
the positions of the a.f. and r.f. panels. The mounting 
holes for these are drilled later. 

tl° - Iatl 

2'- Dia to suit 
sockets 
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I t, 

r 
1 O 1 

AF 
¡ 

I5 
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I ----oo 
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SK4 VRI/SI vc3 

LI i/4 = 13/4 11/4` 

Fig. 2. Details of the chassis. The four flanges 
are bent down, away from the reader 
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41/2" 

I/2"dia 
see text 

Uir 
VC2 

I/4"dia 

- 

3/8°dia 

.(See 
11 /4 text) 

Vc1 

3/6 3/ 
VR,/s, VC3 4 

1" 

11/4" - 13/4 4-.... 

Fig. 3. The front panel is drilled out in the 
manner shown here 

The front panel is illustrated in Fig. 3 and this 
should be cut out and the three lower holes only, those 
for SK4, VR1/Sl and VC3, drilled. The front panel is 
assembled to the chassis by the mounting bushes and 
nuts of these three components, and so the holes in the 
front panel must accurately match the corresponding 
holes in the chassis. 

Temporarily assemble the chassis and panel 
together, then take up VC1 and check that the under- 
side of its frame will be clear of the upper surface of 
the chassis when its spindle centre is 14 in. down from 
the top of the front panel, as indicated in Fig. 3. 
Working to manufacturer's specification there should 
be a little less than ;in. spacing between the capacitor 
frame and the chassis although in practice the spacing 
may be significantly greater than this. If there is 
adequate spacing, the holes for VC1 and VC2 may 
take up the positions shown in Fig. 3. If not, then the 
holes for these two components should be made slight- 
ly higher than is indicated in the diagram so that 
there will be no interference between VC1 frame and 
the chassis surface. There was no difficulty at all on 
this account with the prototype but, considering 
dimensional tolerances in home -constructed chassis 
and other factors, it is better to confirm that the posi- 
tion of the hole for VC1 spindle will be satisfactory 
rather than spoil the panel by drilling unwanted 
holes. 

After confirming this point, the chassis and panel 
may be disassembled and the holes for VC1 and VC2 
marked out. 

VC1 is mounted by three 4BA bolts passing into 
tapped holes in the front plate of the capacitor, and 
three 4BA clear holes are required in the front panel. 
These holes are not shown in Fig. 3 and their positions 
may be marked out in the following manner. Cut out a 
;in. hole in a piece of paper and pass it over the 
capacitor spindle. Mark the positions of the three 
4BA tapped holes on the paper, then use this as a 

template to mark out the corresponding holes in the 
panel. Drill these 4BA clear and lightly countersink 
them on the front. The three mounting bolts are short 
countersunk types and it is advisable to fit some 
washers or short spacers over them between the rear 
of the panel and the front plate of the capacitor. It is 
important to ensure that the ends of these bolts do not 
pass more than marginally beyond the capacitor front 
plate as they may then damage the fixed or moving 
vanes. 

Since neither the fixed or moving vanes of VC2 are 
at chassis potential, this capacitor must have its 
mounting bush and nut insulated from the front pan- 
el. Fig. 3 shows the hole for VC2 as having a diameter 
of tin. Insulating washers made of thin s.r.b.p. and 
having a ¡in. hole can be fitted over the capacitor 
bush on either side of the front panel; the capacitor is 
then held so that its bush is approximately central in 
the panel hole as the mounting nut is tightened. After 
this process an electrical check is made with a con- 
tinuity tester or ohmmeter to ensure that the 
capacitor bush is reliably insulated from the front 
panel. An additional measure which can be employed 
here is to initially affix one of the insulating washers to 
the front panel with adhesive, positioning it so that its 
hole is concentric with the ¡in. hole in the panel. The 
capacitor bush will then be automatically centred in 
the panel hole. 

WIRING 
Fig. 4 shows the wiring for the basic receiver in- 

cluding that on the a.f. amplifier board. The latter 
employs a piece of Veroboard of 0.15in. matrix having 
15 holes by 10 copper strips. There are no breaks in 
the strips. 

First drill the two 6BA clear holes in the Veroboard 
and then use it as a template for the marking out, and 
drilling, of the two corresponding 6BA clear holes in 
the chassis. The board takes up the approximate posi- 
tion, under the chassis, which is shown in Fig. 2. Next, 
assemble the components on the Veroboard, employ- 
ing 0.15in. Veropins for the external connections to 
Si, SK4 and the junction of Rl and Cl. The board 
takes up its chassis connection from the sleeve contact 

Layout of components and amplifier boards un- 
der the chassis 
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6BA clear 

Battery clip 

VC3 SK4 

Fig. 4. Wiring diagram showing the connections around the B9A valveholder together with the compo- 
nent layout on the a.f. amplifier board 

of SK4, and it is necessary for this socket to be of open 
construction (i.e. not insulated) so that this connec- 
tion is automatically made by way of its mounting 
bush and nut. 

The Veroboard is next mounted to the chassis, 
employing ¡in. spacers on the mounting screws to 
keep the board underside clear of the chassis surface. 
All the remaining wiring shown in Fig. 4 is then com- 
pleted. 

Two wires pass through the chassis hole mentioned 

when discussing Fig. 2. One wire, from the source of 
TR1, connects to the moving vanes of VC2. The other 
from TR1 drain, connects first to the fixed vanes of 
VC2, then to the fixed vanes of VC1. 

There is plenty of space under the chassis for the 
battery, and it can be held in place by a simple clip or 
clamp. The four control knobs must be wholly or 
partly made of plastic. All -metal knobs cannot be 
used as they would allow the fingers to contact VC2 
moving vanes when adjusting this capacitor. 
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A closer look at the a.f. amplifier board 

USING THE RECEIVER 
It is probably best to use the Range 4 coil when in- 

itially testing the receiver as there is usually a large number of strong signals present in this frequency 
range. The set operates most -efficiently with- VR1 
turned back almost fully anticlockwise, with VC1 be- 
ing advanced to a point that permits the detector to be 
brought to the threshold of oscillation when VR1 is 
slightly advanced. The receiver should always be ad- 
justed to just below the point of oscillation by the use 
of VR1, as it is at this level that the receiver is most 
sensitive and has the highest degree of selectivity. If 
the regeneration is advanced beyond the threshold 
point proper reception of a.m. transmissions will not 
be possible, and heterodynes of varying pitch will be heard as the receiver is tuned across a.m. stations. 
Always carry 'Jut fine adjustment of regeneration by 
means of VR1, and not by VC2 which does not give 
such precise control. 

Towards the low frequency end of each band it may 
be necessary to set VC2 at maximum capacitance and 
have VR1 well advanced in order to reach the 
threshold of oscillation. The circuit will still give good 
results, however, even though it will be operating at 
slightly less than optimu.ü cJ. Luions. The regeneration 
controls are not like an ordinary volume control, and 
they will need resetting each time the tuning is 
significantly altered. It is well worthwhile spending 
some time experimenting with different settings of 
these controls in order to obtain the best possible 
results. 

Do not try to accurately tune to stations by means 
of VC1. This is adjusted to the part of the band which 
is to be searched for stations, and then the tuning is 
carried out with VC3. As VC3 has a very low value it 
covers only a small part of each range, and tuning is much easier with this control. 

It occasionally happens that a very strong signal 
blots out all the stations around it. If this happens, the 
aerial plug should be transferred from SKl to SK2. 

A suitable aerial for the set merely consists of a length of insulated wire set as high up as possible. A length of 10 metres or more is preferable, but as little 
as 3 metres will give reasonable results. 

An earth connection will not be found necessary on Ranges 4 and 5, but it will considerably improve 

results on Range 3. A simple earth connection can be 
made by attaching a length of wire to a piece of metal 
pipe which is then buried in moist soil. The free end of 
the wire connects to SK3, and this lead-in should be 
no longer than is necessary. 

The Denco coils have adjustable iron -dust cores 
with threaded brass stems, and these are screwed ful- 
ly down fcir packing purposes. If a signal generator is 
available the cores can be adjusted to give the ap- 
proximate frequency ranges referred to at the start of this article. In the absence of a signal generator it 
will be in order to adjust each core so that about }in. 
of the brass stem protrudes above the top of the 
former. This will give roughly correct frequency 
ranges and, as there is a large overlap between ranges, 
it is highly unlikely that there will be any gaps in the 
overall coverage. 

R.F. AMPLIFIER 
Satisfactory reception of s.s.b. and c.w. (morse) 

signals can be obtained by advancing VR1 to a point 
when the detector is just gently oscillating. VC3 is 
then carefully adjusted to resolve the s.s.b. signal or to 
obtain an a.f. note of the desired pitch with a c.w. 
signal. 

Unfortunately, the detector oscillation will then be 
radiated by the receiver aerial and this can cause in- 
terference with other receivers. The solution is to add 
an r.f. amplifier between the detector and the aerial. 
The amplifier will prevent the detector oscillation 
from reaching the aerial, and will also give a small in- 
crease in gain which is very useful when only a short 
aeriâl is in use. It is essential that the r.f. amplifier 
be fitted if s.s.b. and c.w. reception is intended. 

The circuit of the r.f. amplifier is shown in Fig. 5. 
This is a very simple untuned design employing a 
common source f.e.t. amplifier with its output con- 
nected to the coupling winding on Ll. R7 and C9 
provide supply decoupling. 

The amplifier is assembled on a piece of Veroboard 
of 0.15in. matrix having 8 holes by 9 strips, as il - 

SI 

TC9 

USK1 
TR3 

2N3819 

6 

L1 

000 
OGS 

2N3819 
Lead -outs 

+9V 
(via S1) 

Fig. 5. The circuit of the untuned r.f. amplifier 
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Fig. 6. The r.f. amplifier is assembled on a 
small piece of Veroboard as illustrated here 

lustrated in Fig. 6. It is constructed, mounted and 
wired into circuit in the same manner as the a.f. pan- 
el, and it takes up the approximate position shown in 
Fig. 2. 

Some small alterations are required in the wiring of 

the basic receiver when the r.f. stage is added. The 
lead from SK1 to pin 8 of the coil is unsoldered from 
the valveholder and reconnected to the input of the 
r.f. amplifier board. TRl gate lead -out and the 
chassis lead are disconnected from pin 9 of the coil 
and reconnected at pin 7. The board is then wired up 
as shown in Fig. 6, whereupon the receiver is once 
again ready for use, and the controls are operated ex- 
actly as before. 

The optional r.f. amplifier board is mounted on 
one side of the chassis 

The accompanying Components List gives details 
of the parts required for the complete receiver with 
the r.f. amplifier. If it is intended to build the basic 
two transistor receiver only there is no necessity to ob- 
tain R6, R7, R8, C9, C10 and TR3. 

KIT REVIEW 

»STY ELECTRONIC KITS 

Now available in the U.K. is a wide range of elec- 
tronic kits presented by Josty Kit (U.K.) Ltd., P.O. 
Box 68, Middlesbrough, Cleveland TS1 5DQ. Josty 
Kit is the largest manufacturer of electronic kits in 
Scandinavia and almost all the kits can be supplied 
with attractive "Module" cases of Scandinavian 
design. 

There are over 50 kits in the range as well as 12 
cases. The designs extend from simple t.r.f. medium 
wave receivers to a.f. amplifiers and disco equipment. 
Also included are f.m. tuners, stereo decoders, am- 
biophonie converters, electric guitar tremulo units 
and power supplies, as well as such items as photo cell 

relay controllers, electronic roulette and a TV game. 
Each kit is accompanied by an instruction book 

which discusses the components employed, deals with 
the assembly of the kit and then describes its 
technical functioning. In addition, the book gives 
notes on component handling, paying particular 
attention to the art of successful soldering. 

Also available from Josty Kit is a book entitled 
"Applied died Electronics", which has been especially 
produced for beginners and which includes a chapter 
describing 10 easily constructed projects. Nearly 
200,000 copies of this book "have been printed and it 
has appeared in 5 languages. 
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SHORT WAVE NEWS 
FOR DX LISTENERS 

By Frank A. Baldwin 

Times = GMT 

In addition to the broadcast bands, amateur fre- 
quencies can also provide much of interest to the all- 
rounder SWL. Listening to the local net `ragchews' on 
the LF bands or Dx-chasing on the HF bands make a 
change from operating over the various broadcast 
bands. Recent forays on the amateur bands, using the 
CW mode, resulted in the following: 

TOP BAND (1800-2000kHz) 
DJ9LS, DL7CY, GD4BEG, GI3JEX, GM3YOR, 

HBONL, HB9RM, K1PBW, KV4FZ, OK1ATP, 
OK1DUJ, OK2BPK, OL1AUQ, OL4ATY, OL5ATE,, 
OL5AUZ, OL6AUE/P, OL8CGS, PAOHIP, W1BB/1, 
W1HGT, W8LRL, WA8IJI. 

For the transatlantic signals, listen from around 
0445 especially at weekends from 1800 to 1805kHz, 
1802 and 1804 being the favourite "windows". For the 
signals of those from this side of the Atlantic trying to 
contact the U.S.A. etc., listen from 1830 to 1835kHz. 

FORTY (7000-7100kHz). 
CO2PY, HI8MOG, KP4EAJ, KP4CM, KP4WL, 

PY7DDA, UD6DII, VE3HUL, YV5BNR, ZL2ARN, 
ZL2UV, ZL3CC, ZL4CU. 

These were all heard during late night or early mor- 
ning sessions. At other times, "forty" is apt to be 
covered with CW signals from the USSR and Eastern 
Europe. 

The writer does not find a great deal of time for 
amateur band operating but will from time to time 
report some of the Dx callsigns logged. 

For those of my readers who aspire to collecting 
amateur QSL cards, equip yourselves to operate over 
the CW portions of the various bands - you will ac- 
quire a greater return reply ratio than reporting to 
SSB signals! 

CURRENT SCHEDULES 
MONGOLIA 
An External Service is radiated at various times 

throughout the period 1100 to 2125 from Ulan Bator. 
Probably the best times for listeners here in the U.K. 
would be as follows - from 1715 to 1745 (not Sun- 
days) when in English to South East Asia and the Far 
East on 9574 and 11858 or from 1945 to 2015 (not 
Sundays, Mondays or Thursdays) when in French to 
the same areas on 17788 and 17860 or from 2100 to 
2125 daily when in Standard Chinese on 7236 and on 
7261. During these time periods the whole of the 
signal path is in darkness during this month. 

VÍETNAM 
The "Voice of Vietnam" operates a Domestic Ser - 

Frequencies = kHz 

vice from Ho Chi Minh City (formerly Saigon) from 
2200 to 1605 on 6165 and 9620. The most 
favourable times for logging this transmitter would be 
from 2200 sign -on (at 2300 until 2330 the newcast is a 
relay of the Voice of Vietnam Domestic Service from 
Hanoi) and from around 1520 until 1605 sign -off. 

NIGERIA 
The "Voice of Nigeria", Lagos, presents an Exter- 

nal Service in English to Africa, the Middle East and 
Europe from 0655 to 0835, 1530 to 1700 and from 
1800 to 1930 on 7275 and on 15120. 

CLANDESTINE 
"Voice of the Eritrea Revolution" (in Arabic "Sawt 

ath-Thawrah al -Eritrea") is a pro -Eritrean Libera- 
tion Front transmitter operating on 9635 from 1500 
to 1530 on Sundays, Tuesdays and Thursdays in 
Arabic. The location is thought to be Baghdad. 

FOR THE SWL 

ALGERIA 
Algiers on 11810 at 1850, a drama in Arabic in the 

"Voice of Palestine, Voice of the Palestine 
Revolution" programme, schedule from 1800 to 1900 
and logged in parallel on 15150. 

Algiers on 21565 at 1157, OM with song in Arabic, 
flute accompaniment, in an Arabic Network 
programme. 

PORTUGAL 
Lisbon on 11925 at 1630, OM in Portuguese in a 

relay of the Domestic Service to the Azores, Madeira 
and Cape Verde Islands, scheduled from 0700 to 
2400. 

ROMANIA 
Bucharest on 15250 at 1309, OM and YL alternate 

with the news in English. English to Europe 
programme, schedule 1300 to 1330 and in parallel on 
9690 and 11940. 

EGYPT 
Cairo on 7050 at 1905, OM with the news in Arabic 

in the "Voice of the Arabs" programme. Also in 
parallel on 11630. 

ISRAEL 
Jerusalem on 9355 at 2058, OM with a talk in 

Hebrew in a relay of the Domestic Service Network B 
to overseas listeners, schedule from 2000 to 2305. Also 
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in parallel on 12077.5 and 15512.5 (measured). 

S. YEMEN 
Aden on 11770 at 1815, OM with a song in Arabic 

and some local -style music under QRM. 

N. YEMEN 
Sana'a on 9780 at 1806, typical local music, songs 

in Arabic in the Domestic Service, also in parallel on 
4853. 

VIETNAM 
Hanoi on 6450 at 2249, YL with songs in Viet- 

namese, chorus and orchestra in the Domestic 1st 
Network and to the former South Vietnam. Schedule 
from 2055 to 1600 and in parallel on 7375. 

ANDORRA 
Radio Andorra on 6230 at 0801, pop records (U.K. 

made) after identification by OM (Sunday morning). 

AFGHANISTAN 
Kabul on 15195 at 1141, YL with listeners letters 

answered in the English to Europe programme, 
schedule from 1130 to 1200. 

NORTH KOREA 
Pyongyang on 6600 at 2105, OM and YL alternate 

with the news in Korean in the Domestic Service, 
schedule from 2000 to 0830. 

Also on a measured 6398 at 1958 when opening 
one of the daily transmissions with repeated chords. 
on an organ as interval signal, identification in 
Korean by OM, 3 pips time -signal and National 
Anthem. This is the Domestic Service beamed to 
South Korea from 1500 to 1800, 2000 to 2130 and 
from 2200 to 1030. 

KUWAIT 
Radio Kuwait on 15345 at 0530, YL with news of 

the Arab world in English to East and Southeast Asia, 
scheduled from 0500 to 0800. 

EGYPT 
Cairo ón 17625 at 0612, OM with chants and 

readings from the Holy Qur'an in the Palestine Ser- 
vice, scheduled from 0600 to 0800 and also in parallel 
on 15475 and 17745. 

Cairo on 15135 at 1311, a programme of Arabic 
songs and music in the "Sudan Corner" transmission, 
schedule from 1200 to 1625. 

SUDAN 
Omdurman on 11835 at 1339, OM with songs in 

Arabic, local -style music. 

GREECE 
Athens on 9760 at 1139, OM in Arabic in a 

programme directed to Egypt and Libya, scheduled 
from 1130 to 1150. 

FOR THE DX'ER 
In which are listed some of the transmissions that 

may be of interest to the Dx'er. 

BURMA 
Rangoon on 5039 at 1547, orchestral music Euro - 

style, hetro QRM. Rangoon is the capital city of Bur- 
ma and is situated on the eastern arm of the Irrawad- 
dy delta. The city has two cathedrals and many 
pagodas. 

INDIA 
Lucknow on 3205 at 1550, OM in vernacular amid 

very heavy commercial QRM. Generally speaking, it 
you can hear this one then the remainder of the In- 
dian transmitters on the 90 metre band may be logged - QRM permitting of course! The power is 10kW, 
schedule from 0025 to 0215 and from 1130 to 1830. 

SRI LANKA 
Colombo on 4902 at 1840, Buddhist chants on full 

moon day. This is Channel 1 of the Sinhala Service 
which is -scheduled from 0015 to 0230, 1125 to 1730 
and additionally on full moon days from 1030 to 0800. 
The power is 10kW. 

NEPAL 
Katmandu on 5007 at 1543, OM in Nepali, local 

music and song by YL. The schedule is from 0020 to 
0350 and from 1150 to 1720 and in parallel on 3425: 
the power is 5kW. Katmandu is the capital of Nepal 
and is sited on the Vishnumati River some 75 miles 
from the Indian frontier. 

INDONESIA 
Jakarta on 4805 at 1550, YL with local song in 

Malindo through CW QRM. This is the Home Service 
of RRI with a schedule from 2155 to 0100 and from 
1000 to 1600, the power is 20kW. 

MALAYSIA 
Penang on 4985 at 1540, programme of classical 

music Euro -style. This is the English/Vernacular ser- 
vice of Radio Malaysia, the schedule here being from 
2230 to 0130 (Sundays to 1630), from 0530 to 0630 
(Saturdays till 1630) and from 0930 to 1630, the 
power is 10kW. 

CHINA 
PLA Fuzhou on 3535 at 2015, YL in Standard 

Chinese under hetro QRM. This transmission, like 
that following, is directed to Taiwan and other 
offshore islands. The schedule on this channel is from 
1413 to 2241. 

PLA Fuzhou on 4045 at 2030, OM in Standard 
Chinese under unmodulated carrier. The schedule 
here is from 1000 to 0530. 

Lanzhou on 4865 at 2327, YL in Standard 
Chinese. The schedule is from 2150 to 0600 and from 
0950 to 1600. 

RWANDA 
Radio Kigali on 3330 at 0519, African orchestra, 

YL's with chants. This is the Home Service, schedul- 
ed from 0300 to 0600 (Saturdays and Sundays until 
0700), 0900 to 1200 (Saturdays and Sundays until 
2100) and from 1330 to 2100, the power is 5kW. 

COLOMBIA 
Emisora Nuevo Mundo, Bogota, on 4755 at 0525, 

GM' with the local news in Spanish, many mentions of 
Bogota. This one has a 24 -hour schedule and 
sometimes identifies as "Radio Caracol"; the power is 
just 1 kW. 

BRAZIL 
Radio Timbira, Sao Luiz, on 4976 at 2134, OM 

with announcements in Portuguese, local songs and 
music. 'l'he schedule is from 0700 to 0430 and the 
power is 5kW. 

NOW HEAR THIS 
Clandestine "Radio Iran Courier" on 11415 at 

1802, OM with a harangue in Farsi. The schedule is 
from 1 720 to 1810 and also in parallel on 1 1695. It is 
not I)x but it is interesting! 
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4u/ THE OSCAR 
SATELLITE 
PROGRA MME 

THE FUTURE 
In the September 1976 AMSAT Newsletter, Vol. 7, No. 3, p.3 the following note appears: "In professional circles it is customary to call a spacecraft by one name prior to launch, and then give it its flight name after it leaves the ground. In the past we at AMSAT have also tried to keep to that custom. In the past when we were building one spacecraft at a time, it did not really matter if a spacecraft was called AMSAT-OSCAR B or AMSAT-OSCAR 7." 
"Following the announcement of the Phase III satellite programme there has been a tendency to use OSCAR 8 and Phase III interchangeably. Again if only one spacecraft was in the works this would not really matter. But, now there are more than one spacecraft in the works. The launch of the FIRST Phase III spacecraft has slipped to about 1980. There is serious thought to a Phase II or AMSAT- OSCAR 6/7 follow on to replace AMSAT-OSCAR 6 and a lot of talk is coming from AMSAT-UK on the feasability of a 21/28 MHz transponder com- munications satellite, also in the Phase II series." "Thus at this time, no one is sure what AMSAT- OSCAR 8 will be, so let's refer to the spacecraft by the correct nomenclature." 

The author has endeavoured to keep to the spirit of this note in the information given here. - Ed. 

With OSCAR 6 and OSCAR 7 still "going strong" and with plans for the first Phase III OSCAR being somewhat uncertain, (see page 149, 'R. & E. C.' Oct. '76), it was interesting to receive from AMSAT-UK recently, a handout outlining the future possibilities for forthcoming OSCARs. 
Quite apart from the Phase III OSCAR, there are a number of other amateur satellites, some only in the planning stage; others actually under construction, which might be launched in the near future. 

AMSAT-USA A.O.D. is well advanced and could be launched in June 1977 from one of the ITOS Mission rockets, which may be launched around June '77. It is virtually identical to OSCAR 6, being a 2 to 10 metre repeater, but has more solar panels than 0.6, so that it could be used full time and would not need turning off "rom ground control to conserve batteries, as has to be done with 0.6. It would help to fill the gap until OSCAR Phase III is launched, particularly if 0.6 fails completely in the near future. OSCAR 6 has already outlived its expected life -span by many months! 

JANUARY 1977 

By Arthur C. Gee 
JAMSAT 2-70. This is a Japanese planned amateur satellite with a 2 watt 70cm downlink and 2 metre uplink. The transponder unit has been built and is being tested on a mountain top by AMSAT-JA. 
The Japanese may launch this themselves or it could be launched along with the AMSAT-USA A.O.D. mentioned above, on the June ITOS Mission. 

AMSAT-USA PHASE III OSCAR. This is the highly sophisticated satellite now under construction and described in this magazine in the issue for June 
76, p.690. Not surprisingly, a satellite as sophisticated 
as this is taking rather longer than anticipated to progress and its possible launch date has been ad- vanced to 1980. 

"THE SHUTTLE". This spacecraft is being plann- ed for ferrying personnel and equipment to manned orbital platforms. The first may be launched in 1979. They are planned for low orbits - around 300 miles, 
so the possibilities of satellites being launched from them are limited. However, the proposed AMSAT- UK 15-10 metre satellite might make use of them for propagation research and night-time path com- munication during low MUF years. 

AMSAT-UK 10-15 METRE SATELLITE. A proposal has been put forward by some OSCAR enthusiasts in the U.K. for the design and construc- tion of a satellite operating on the 10 and 15 metre sands. Suitable components, a qualified designer, and time and facilities to build it will all have to be found before this project can materialise. However, if these difficulties can be overcome, the project could be launched from The Shuttle. 

THE "ARIANE" LAUNCHES. The European Space Agency are planning three launches from their Koror launching site in French Guiana. commencing 
1979, upon which on -load space is available. The AMSAT-USA Phase III OSCAR might well be launched from one of these. 

So we see that there are numerous possibilities for continuing the OSCAR Project and there is likely to be continued activity on an extensive scale in this field of amateur radio. Just what the next OSCAR will be, we shall have to wait and see. It will obviously depend on the progress made with the various pro- jects and how this progress fits in with facilities for launching. 
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CURRENT MIRROR 
By M. G. Robertson 

Background details on a common in- 
tegrated circuit constant current source. 

A rather puzzling configuration which is often seen 
in the internal circuitry of linear i.c. operational 
amplifiers is shown in Fig. 1(a). Here, there are two 
n.p.n. transistors with their emitters connected to the 
negative supply rail for the amplifier. The two collec- 
tors are in the supply feeds to internal stages or com- 
ponents in the amplifier. The two bases are connected 
together, and the collector of one transistor is also 
taken to the common base connection. 

A p.n.p. version of the configuration, with emitters 
connected to the positive rail, appears in Fig. 1(b). 

CURRENT MIRROR 
The configuration is a "current mirror" circuit, and 

its operation can be explained with the aid of Fig. 2. 
In this diagram the two transistors are silicon and 
have identical characteristics. This latter require- 
ment can be very closely approached in two adjacent 
transistors on a silicon chip. It has to be remembered 
that the collector of a conductive silicon transistor can 
assume a potential with respect to its emitter which is 
lower than that at its base. 

In Fig. 2 nearly all of the current Il flows into the 
collector and base of TR1. Most of the current flows 
into TR1 collector and the only current flowing into 
TR1 base is that which is required to maintain the 

(a) (b) 

Fig. 1(a). This circuit detail is frequently en- 
countered in i.c. operational amplifiers 
(b). P.N.P. version of the configuration 

Fig. 2. The collector currents and base -emitter 
voltage at the two transistors 

collector current. The collector and base assume a 
potential VBE with respect to the negative rail which 
is of the order of 0.6 to 0.7 volt. 

The base of TR2 takes up this potential also. A 
small current flows through the base -emitter junction 
of TR2, this adding to that flowing into the collector 
and base of TR1 to constitute the whole of I1. Since a 
current flows into the base of TR2 this transistor 
passes a collector current I2. The two transistors are 
identical and so, at a common value of VBE, I2 is 
equal to Il (less the small base currents). 

If I1 is increased the value of VBE will rise slightly, 
causing I2 to increase to the same level as I1. Similar- 
ly, if I1 is decreased, VBE drops slightly and I2 falls 
to the same value as Il. 

The functioning of the circuit can alternatively be 
described without referring to changes in VBE. As the 
two transistors are identical each base -emitter junc- 
tion presents the same forward resistance to current 
flow. In consequence the current available for the two 
base -emitter junctions divides equally between them. 

TR2 functions as a constant current source, and the 
value of the constant current, I2, is controlled by the 
amplitude of I1. The constant current may be of the 
order of 1mA or less. 

The p.n.p. version of Fig. 1(b) functions in the same 
manner as that described in Fig. 2 except that the 
potentials and directions of current flow are reversed. 
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Lead -outs 

Fig. 3. A test set-up employed for evaluating 
the performance of discrete transistors in the 

circuit 

PRACTICAL CIRCUIT 
The configuration can be made to work quite well 

with two discrete transistors even when these have 
markedly different characteristics. 

The author made up the test circuit shown in Fig. 3 
employing BC107's. The current in TR1 could be 
varied by means of VR1, with R1 acting as a current 
limiting resistor to prevent the accidental flow of ex- 
cessive current in meter Ml. The current passed by 
TR2 was measured by M2, with VR2 being adjusted 
over the appropriate section of its track to assess cons- 
tant current performance. 

Half a dozen BC107's of varying make and age were 
tried in the TR2 position. In every case the current in 
TR2 increased and decreased in sympathy with the 
current in TR1, but with no transistor was TR2 
collector current equal to TR1 collector current. The 
greatest discrepancies were given when TR2 collector 
current was about 40% of TR1 collector current and 
when 'FR2 collector current was about 120% of TR1 
collector current. With one pair of transistors, TR2 
collector current was approximately 90% of TR1 
collector current. 

All the transistors in the TR2 position gave good 
constant current performances at collector currents of 
0.3mA and less, with two working well in this respect 
up to 0.45mA. At higher collector currents the cons- 
tant current performance was poor or virtually non- 
existent with all transistors. 

The discrete transistor circuit of Fig. 3 has the practical advantage that it is capable of providing a 
low constant current with a minimum voltage drop of 
0.2 volt across TR2. There is no thermal coupling 
between the two transistors as is given in an in- 
tegrated circuit but, at the low' currents involved, the 
transistors should run virtually at room temperature. 
The current flowing in TR1 has to be pre-set to a 
value which takes up the different characteristics of 
the particular transistor employed for TR2. 

BUY THIS 
BEST SELLER 

NEW EDITION 
OF 

T.V. FAULT FINDING 
405/625 LINES 

REVISED & ENLARGED 
Edited by J. R. Davies 

132 pages PRICE 90p 

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 described at greater length 
in the text. 

Price 90p from your bookseller. 

or post this Coupon together 
with remittance for £1.08 
Ito include postage) to 

DATA PUBLICATIONS LTD. 
57 Maicia Vale, London, W9 1SN 

Please send me the 5th revised edition of TV Fault 
Finding. Data Book No. 5 

I enclose cheque/ crossed postal order for 

NAME 

ADDRESS 

JANUARY 1977 

BLOCK LETTERS PLEASE 

363 



MEDIUM WAVE 
DX SUPERHET 

The concluding article deals with the assembly 
of the mixer and oscillator stages, the i.f. amplifier, 
the a.f. amplifier and the S -meter circuit. The 

process of alignment is then described. 

In the article which appeared in last month's issue 
the circuit of this sensitive and selective receiver was 
discussed, after which constructional details were 
given for the case and chassis. Next to be dealt with is 
the mixer -oscillator wiring. 

M IXE R-OSCI LLATO R 
The mixer -oscillator wiring is carried out under the 

chassis, as illustrated in Fig. 4. The two trimmer 
capacitors are mounted by having one tag soldered to 
a chassis tag and the other to the appropriate 
valveholder tag. 

For clarity the wiring is shown spread out in Fig. 4 
but in practice component leads should be kept fairly 
short. All components and wiring should be within 
;in. of the chassis underside, as they will otherwise 

Pos. in 

TR2 

e c 

To VC2 fixed 
vanes 

To VCi fixed vanes 

G 

3 

Part 2 
By R. A. Penfold 

come into contact with the bottom cover of the case. 
All wiring other than component lead -outs should be 
insulated. Component lead -outs may be covered with 
sleeving if there is any risk of their touching other 
wires or the chassis. 

Four wires pass through the chassis. Two of these 
connect to the fixed vane tags of VC1 and VC2. Of the 
remaining two, one carries the positive supply from 
the i.f. board whilst the other is the connection from 
TRi drain to the mechanical filter, which is also on 
the i.f. board. 

Although the 40673 is a MOSFET it can be wired 
into circuit in the same manner as an ordinary bipolar 
transistor, since internal protective diodes are con- 
nected to its gates. The manufacturer states that the 
soldering iron bit used for soldering it into circuit 
must be earthed. 

To MF' 

SK2 

Fig. 4. Under -chassis wiring for the mixer and oscillator stages 
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Fig. 5. The component and wiring sides of the i.f. amplifier board 

I.F. BOARD 
Fig. 5 shows the component and wiring sides of the 

i.f. board. The components are assembled on a plain Veroboard of 0.15in. matrix measuring 3; by 2 2 in. This is a standard size in which the board is sold. Veroboard of 0.15in. matrix is ideal for the present application as it can be easily adapted to accept both the Denco i.f. transformers and the mechanical filter. 

Solder tag 

Neg. to audio panel 

6íßA clear 

Before fitting any components, drill out the two 
6BA clear mounting holes. The board may then be 
used as a template to enable the corresponding holes 
in the chassis to be marked out and drilled. The board 
takes up the position shown in Fig. 3 (published last 
month). Some of the holes in the board next have to 
be enlarged to enable the i.f. transformers and mechanical filter to be fitted. A No. 42 drill, or 
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The i.f, amplifier board. This takes the 
mechanical filter, the two i.f. transformers and 

their associated components 

similar, is used to do this. All seven holes for each 
Denco i.f. transformer must be enlarged but only 
those for the mounting lugs of the filter and its 
matching transformer need to be altered. As may be 
gathered, the mechanical filter actually consists of 
two parts, the filter proper and its matching 
transformer. 0.15in. Veropins are fitted at the points 
where external connections are made to the board. 

The components are now fitted and wired as shown 
in the diagram. Sleeving is passed over any wires 
which run close to other wires. In some cases the com- 
ponent lead -outs will be long enough to reach their 
connecting points. Tinned copper wire is employed 
for the remaining wiring. Note that the i.f. 
transformer and mechanical filter mounting lugs are 
connected to chassis so that the screening cans are earthed. Also, the chassis connection to C11 is made 
by way of the mounting lugs of IFT2. 

The completed panel is mounted to the chassis with 
¡-in. spacers over each mounting bolt to keep the panel 
underside clear of the chassis surface. With the excep- 
tion of the leads carrying the positive and negative 
supply to the a.f. board and that connecting to TR5 
base, all the external connections are now made. VR1 
should be fitted to the front panel and the two connec- 
tions from the board are to its track. 

A.F. BOARD 
A piece of plain perforated s.r.b.p. board of 0.lin. 

matrix is employed for the audio amplifier. 
, This 

board has 22 by 14 holes and it must be carefully cut 
down from a larger piece by means of a hacksaw. The 
two 6BA clear mounting holes are drilled out and the 
board is then used as a template to mark out and drill 
the corresponding holes in the chassis, with the board 
taking up the position shown in Fig. 3. The com- 
ponents are then mounted and wired as illustrated in 
Fig. 6. Veropins are fitted for external connections. If 
the board is of Vero manufacture the pins should be 
O.lin. Veropins; if it is of different manufacture, 
0.15in. Veropins will be found to give a better fit. 

The board is then mounted on the chassis in the 
same way as was the i.f. board, and all the external 
wiring to it is completed. 

S -METER BOARD 
In the prototype the S -meter components are wired 

up on a piece of plain 0.15in. Veroboard having 14 by 
10 holes. Details are given in Fig. 7. The board is 
mounted on the S -meter terminals themselves, two of 
the Veroboard holes being enlarged to take the ter- 
minal screws. If the meter employed has different 
spacing between its terminals than has that employed 
by the author the Veroboard layout is modified accor- 
dingly, and it may be necessary to use a larger piece of 
board. The same general layout may still be 
employed. 0.15in. Veropins are fitted to the board for 
external connections. After the board has been wired 
up and mounted, its external wiring is completed. At 
this stage R17 is set to insert maximum resistance 
into circuit, with its slider turned fully anticlockwise. 

The two track tags of VR2 are connected to the 
positive supply at Si, and to the negative supply at 
the earthed tag of VR1. 

As was mentioned last month, the S -meter can be 
omitted if desired, whereupon the meter, VR2 and the 
component panel are not required. This will not 
adversely affect the performance of the receiver. 

A solder tag is fitted to one of the mounting screws of 
M1, and a lead from the earthed tag of VR1 connects 
to this to provide an earthing point for the front panel. 
If the S -meter is to be omitted, the tag can be fitted on 
one of the mounting bolts of the tuning drive instead. 

It then only remains to wire in the battery clip. The 
negative battery lead connects to the earthed tag of 
VR1 and the positive lead to Si. The battery can be 
positioned in the space to the left of the chassis. 

The current consumptioti of the receiver is about 9 
to 10mA under quiescent conditions, this rising to 
peaks in excess of 100mA at high volume levels. The 
unit can be economically run from a PP3 battery if it 
is only to be used with headphones or with a modest 
power output to a loudspeaker. For higher volumes it 
would be advisable to use the larger PP6 size battery. 

Any speaker or headphones having an impedance 
of 8(2 or more can be connected to the output of the 
receiver. A load impedance of less than 8i1 must not 
be used as this could overload and possibly damage 
the output stage. The output is available from jack 
socket SKI, and if this is of the normal type having an 

The S -meter and a.f. amplifier boards mounted 
in position. The S -meter board secures directly 

to the meter terminals 
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Fig. 6. Due to the use of an integrated circuit the a.f. amplifier board is quite simple to wire up and re- 
quires few discrete components 

open construction the sleeve connection to chassis will 
be automatically provided by its mounting bush and 
nut. A slight disadvantage given by using a jack 
socket for the output connection is that the two con - 

tacts can be momentarily short-circuited when a plug 
is inserted or withdrawn. In consequence, volume 
should be turned to a low level whenever a plug is 
fitted or removed. 
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Fig. 7. Apart from VR2, all the components in 
the S -meter circuit are assembled on a board 
which is secured to the back of the meter by 

the meter terminals 

ALIGNMENT 
Testing and alignment can be carried out with the 

aid of a few feet of wire acting as an aerial. A suitable 
loudspeaker or pair of headphones should be plugged 
into the output socket. 

For packing purposes, L1 and L2 are supplied with 
the brass threaded sterns of the iron -dust cores screw- 
ed fully down. Adjust the core of L1 so that about fin. 
of the threaded, stem protrudes above the former, and 
adjust the core of L2 so that about ein. protrudes. Set 
Cl to about half capacitance and C9 close to max- 
imum capacitance. 1f 10-60pF trimmers are being 
employed, Cl is set to about a third of maximum 
capacitance and C2 to about two-thirds maximum 
capacitance. Set VR2 so that its slider is at chassis 
potential. 

Switch on. MI should immediately give a forward 
indication, whereupon VR2 is adjusted to zero the 
meter. 

Adjusting the tuning capacitor should enable a few 
stations to be received although, even with VR1 near- 
ly fully advanced, the volume may not be very high at 
this stage. Tune accurately to one of these stations, 
using the S -meter as a tuning indicator. If the S -meter 
is not fitted, a tuning indicator can be provided by an 
electronic voltmeter or a inultimeter having a sen- 

sitivity of 20k i2 per volt or more on its voltage ranges. 
The positive test lead of the meter is connected to the 
junction of R9 and R10 and the negative lead to 
chassis, and its reading reduces as signal strength in- 
creases. 

The cores of the l)enco i.f. transformers must be 
adjusted with a proper trimming tool and not with an 
ordinary . screwdriver, which could easily damage 
them. A suitable trimming tool is the Deneo type 
TT5. The cores of the mechanical filter and its 
matching i.f. transformer are very different in con- 
struction and a small screwdriver can be safely 
employed for their adjustment. Care must 
nevertheless be observed as the cores are made of 
ferrite and are rather brittle. 

The cores of IFT1 and IFT2, and those of the 
mechanical filter and its matching transformer are 
now carefully adjusted for maximum signal strength. 
It will be found that the filter core adjustment is 
much less critical than is that of the transformers. 
Repeat the procedure several times until no further 
improvement in sensitivity can be obtained. 

R.F. alignment commences by adjusting the core of 
L2 to give the correct coverage at the high frequency 
end of the hand. Should a reasonably accurate signal 
generator be available, this can be used to set the limit 
of high frequency coverage at 1.6MHz. 

If no signal generator is to hand the adjustment can 
be made after darkness has fallen, when the medium 
wave band is usually crammed with stations. With 
the tuning capacitor set for minimum capacitance, 
the core of L2 is unscrewed until short wave marine 
stations are heard in place of the medium wave 
broadcast stations. The core is then screwed back un- 
til a medium wave station is once again received. L2 
then has the correct setting. If the receiver seems a lit- 
tle insensitive, the core of Ll can be adjusted to peak 
sensitivity. 

Next tune the receiver to a station near, but not ful- 
ly at, the high frequency end of the band. Choose a 
station that has a fairly constant signal strength, then 
adjust C i for maximum signal. Find a station of fairly 
constant strength near the low frequency end of the 
range, with the tuning capacitor vanes almost fully 
enmeshed, and then adjust the core of L1 for op- 
timum signal strength. Retune to the station at the 
high frequency end and readjust Cl, then return to 
the low frequency end and readjust the core of Ll 
Continue this procedure until no further improve- 
ment is possible. 

It will be noted that trimmer C9 is not adjusted 
during the alignment just described. If, however, it 
should he found that the coverage at the low frequen- 
cy end of the range is obviously tco small or too great, 
this can he corrected by a readjustment. of L2 core at 
the low frequency end and an adjustment of C9 to set 
the limit at the high frequency end. Cl and the core of 
Ll will then have to be reset, in the manner just 
described, to take up the altered oscillator range. 

R17 is adjusted with the receiver connected to a 
proper aerial. The strongest signal available is tuned 
in and R17 is then adjusted so that the meter reading 
is slightly above the S-9 point, or is at about 0.77mA if 
an ordinary 0-1mA meter movement is employed. 
Should it he subsequently found that another very 
strong signal causes the meter needle to overshoot the 
end of the scale, R17 is set to insert a little more series 
resistance. 

This completes the alignment and adjustments 
needed in the receiver, which is now ready for use. 
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AERIALS 
An ordinary long wire aerial can be used with the 

receiver, but better results will in many cases be ob- 
tained with some form of ferrite or frame aerial. 
These have the advantage of being directional. 

The directional property is particularly useful, as it 
will frequently be found that two stations are received 
on virtually identical frequencies. The directivity of 
the aerial then often permits one of the stations to be 
nulled, producing intelligible reception of the other. 

Employing a directional aerial that has to be tuned 

has the disadvantage that it is necessary to adjust the 
aerial tuning every time the setting of the receiver 
tuning is significantly altered. This disadvantage is 
more than outweighed, however, by the freedom from 
breakthrough of spurious responses that a tuned 
aerial produces. It also reduces cross modulation by 
reducing the r.f. bandwidth. 

A suitable preselector will be described in next 
month's issue, and this will featuré an internal ferrite 
aerial and a dual gate MOSFET r.f. stage. 

(Concluded) 

Trade News . 
BLOB BOARD 

S-DeC manufacturer, P. B. Electronics, 57 
High Street, Saffron Walden, Essex, has 
launched a new concept in prototype printed 
circuit boards. 

Normally half the price of previously com- 
petitive boards, they allow the user to go direct 
from circuit diagram to completed board in a 
matter of minutes and without the use of messy 
chemicals. 

Component layout can be drawn direct onto 
the Blob Board eliminating many of the errors 
which can occur in transferring from circuit 
diagram to ordinary PCBs. 

Blob Board is extremely simple to use. Draw 
component layout on the Blob Board pattern 
using an ordinary felt pen. Lay components 
over their, respective drawings and `Blob' on 
some solder making the final soldered joint. 

Components can be re -used and re -soldered 
making circuit prototype modifications and 
amendments both fast and easy. 

All Blob Boards are roller -tinned to 
facilitate easy and reliable soldering. 

Initially, there are twelve different Blob 
Boards available in a wide variety of patterns 
which, between them, will accomodate all com- 
ponents from discretes to ICs. One pattern for 
example, matches the S-DeC modular bread- 
board connections. 

One of the twelve new Blob Boards launched 
by P. B. Electronics Ltd., showing a finished 

prototype. 

The smallest discrete Blob Board (there are 
others for ICs) measures 3.6 x 2.4 in. and costs 
only 20p. 

Blob Boards come in a range of standard 
sizes which match those already accepted by 
both professional prototype engineers and 
hobbiests. No drilling or special mounting of 
components is necessary and all Blob Boards 
are re -useable. 

CLOSED CIRCUIT TV EXPORT ORDER 
Crow of Reading Limited have received an export 

contract, valued at £40,000. for planning, design, in- 
stallation and commissioning of a comprehensive 
close -circuit television system for the Kuwaiti stock 
exchange. 

This system will enable dealers and members of the 
stock exchange to review central display boards and 
teleprint machines directly from their offices, and is 
expected to ease the load on local telephone systems, 
obviate delays and errors caused by indirect transfer 
of data and reduce the number of personnel required. 

The Contract, which includes the supply of 40 

professional television monitors, with cameras and 
associated video distribution equipment, was ob- 
tained as a result of an open tender to the Kuwaiti 
Ministry of Information in the face of international 
competition. Crow of Reading are recognised as one of 
the world's leaders in television broadcast engineer- 
ing, and extend the same degree of professionalism 
to non -broadcast applications such as this closed cir- 
cuit system. They are able to provide significantly 
higher standards of performance and reliability than 
those normally achieved by television engineers out- 
side the broadcast field. This is believed to be an im- 
portant factor in the selection of Crow as contractor. 
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!S110PJ 
In this month's episode, 

Smithy the Serviceman, aided 
as always by his able assistant 
Dick, takes a look at a typical 
medium and long wave mixer - 

oscillator stage. 

Dick walked happily towards the 
Workshop, swinging a medium sized 
a.m.-f.m. transistor radio from his left 
hand. It was a cold and misty New 
Year's Day morning, and Dick's 
breath condensed into small vaporous. 
clouds that hovered around his head. 
As he approached the Workshop he 
was suddenly surprised to see all its 
lights come on, with their cheerful 
yellow rays streaming out of the win- 
dows. 

Dick paused cautiously, edged to 
one of the windows and peered in. He 
gave a sigh of relief as he saw the 
familiar figure of Smithy divesting 
himself of his raincoat, then he went to 
the door and quietly let himself in. 

"Happy New Year, Smithy!" 
Smithy, who had his back to the 

door, jumped. 
"Blimey, you gave me a shock. 

What are you doing here?" 
"I could well," said Dick, as he 

walked over and placed the transistor 
radio on his bench, "ask the same 
question of you. After all, we did say 
we'd take New Year's Day off this 
year." 

"I came in to get a few tools and a 
meter," explained Smithy. "One of 
'our electric fires at home has started 
blowing fuses and I want to do a quick 
repair job on it. And now what brings 
you in?" 

PRIVATE JOB 
"A little private job," stated Dick, 

pointing to the transistor radio. "It's 
my Auntie Eff s and one of her darned 
cats knocked it off the table. I promis- 
ed her I'd fix it up today if I could." 

"Well," said Smithy, "let's hope the 
printed board hasn't got broken." 

"I don't think it has," replied Dick, 
turning the receiver on and selecting 
medium waves. "It's quite all right on 
f.m., but it's weak on medium waves 
and even weaker on long waves." 

He tuned in the local Radio 4 
transmission. As he had said, this was 
weak. It was also accompanied by a 
whistle which changed in frequency as 
he tuned through the signal. He then 
switched to long waves, to 
demonstrate that the Radio 2 signal 
was, also as stated, even weaker. 

"I've got a pretty good idea what's 
happened here," stated the Ser- 
viceman, grinning. 

"Stap me," snorted Dick. "Don't 
tell me you're going to diagnose the 
trouble before I've even got the flip- 
ping back off." 

"I'd hazard a guess, stated Smithy, 
"that the ferrite aerial rod is broken." 

Dick glared at him then opened the 
rear of the radio case. The ferrite 
aerial rod was, indeed, broken. One 
half, with the medium wave coil on it, 
was still secured by a plastic clamp at 
what had been its centre. A small por- 
tion of the rod now protruded from the 
clamp on the side opposite to the 
medium wave coil, terminating at a 
jagged break. The remainder of the 
rod, with the long wave coil on it, lay 
forlornly on the bottom of the receiver 
case. 

"You must," said Dick irritably, 
"have X-ray eyes or something. How 
the heck did you know that the ferrite 
rod was broken?" 

"I only guessed that it was broken," 
replied Smithy soothingly, "but 
everything pointed towards it. For a 

Desired 
signal 

1,100kHz 

i 
Difference 
frequency 
470kHz 

Oscillator 
frequency 
1,570kHz 

Oscillator 
frequency 
1,570kHz 

1 
Difference 
frequency 
470kHz 

Second 
channel 
signal 

2,040kHz 

start the set had had a fall, and one of 
the first things to go in a case like that 
is the ferrite rod. Second, you said the 
set was working all right on f.m., and 
so it was unlikely that there'd be a 
fault in the common a.m. and f.m. 
stages. Third, you could tune in 
signals on medium and long waves 
and, since you didn't remark on the 
matter, presumably these were com- 
ing up at the proper points on the tun- 
ing scale. So the receiver oscillator was 
working correctly. Fourth, the local 
Radio 4 signal was weak and had what 
sounded like a second channel whistle 
on it when it would normally come 
belting in clear of interference, and 
the Radio 2 signal on long waves was 
also weak. The last three facts pointed 
to serious detuning of the aerial tuned 
circuits, and the first fact made it 
almost a hundred per cent certain that 
the circuits had become detuned 
because the ferrite aerial rod was 
broken." 

Dick gazed at the Serviceman with 
reluctant admiration. 

"Well," he remarked eventually, 
"you certainly used some logical 
reasoning there. I don't quite get the 
second channel whistle bit, though." 

"That was a bit of luck," confessed 
Smithy. "But consider the situation. 
Say you've got an a.m. radio with an 
i.f. of 470kHz and you tune in a signal 
at 1,100kHz. The receiver oscillator 
will run at 470kHz above this frequen- 
cy, which is 1,570kHz. But if there is a 
signal which is 470kHz above 
1,570kHz, that is at 2,040kHz, and if it 
finds its way into the mixer, this signal 
will also pass into the i.f. amplifier. 
This is the second channel signal. 
What you normally hear with second 
channel interference is a whistle as the 
carriers of the two signals beat 
together. This whistle changes in pitch 
as you tune through the required 
signal because the difference frequen- 
cies from the mixer vary. If oscillator 

Second 
Desired Oscillator Oscillator channel 
signal frequency frequency signal 

UOOkHz 1,572kHz 1,572kHz 2040kHz 

i 
Difference 
frequency 
472kHz 

(a) (b) 

i 
Difference 
frequency 
468kHz 

Fig. 1(a). If a second channel signal, which is higher than oscillator fre- 
quency by the intermediate frequency, finds its way into a receiver mixer 

stage input, an output is produced at intermediate frequency 
(b). Variations in oscillator frequency alter the pitch of the beat note given 
by the carriers of the desired signal and the second channel signal. Here, 

the oscillator frequency has been shifted upwards by 2kHz 
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frequency is increased a little the 
difference frequency given with the 
required signal goes up and the 
difference frequency given with the se- 
cond channel signal goes down." (Figs. 
1(a) and (b).). 

I know all about that," said Dick 
impatiently. "But why did the 
presence of that second channel whis- 
tle make you think that the aerial tun- 
ed circuit in the receiver was off - 
tune?" 

"It's pretty obvious, isn't it?" 
retorted Smithy. "The job of the aerial 
tuned circuit of a superhet is to bring 
up the strength of the desired signal to 
as high a level as possible. This has 
two results. First, you get maximum 
sensitivity for the desired signal. Se- 
cond, the desired signal is so much 
stronger than any second channel 
signal which may be knocking around 
that interference from the latter is 
either negligible or completely non- 
existent. You can expect a little second 
channel interference with a simple 
transistor a.m. superhet if you're tun- 
ed in to a weak signal and there 
happens to be a really strong signal at 
the second channel frequency, but not 
the other way round." 

OSCILLATOR FREQUENCY 
"Fair enough," conceded Dick. "In- 

cidentally, there's something that's 
just occurred to me. Why is the os- 
cillator frequency higher than signal 
frequency on these medium and long 
wave a.m. sets?" 

"It has to be," replied Smithy. "One 
reason which comes immediately to 
mind is that if the oscillator frequency 
is below signal frequency and the set 
covers the long wave band of about 
150 to 300kHz, the intermediate fre- 
quency would have to be lower than 
150kHz. This would make the spacing 
between wanted and unwanted second 
channel signals too low and would in- 
crease the chances of second channel 
interference." 

"All right then," said Dick. "How 
about having oscillator frequency 
lower than signal frequency on 
medium waves?' 

"Okay, let's look at that next. Let's 

say that the medium wave band is 600 
to 1,600kHz and that we are still using 
our intermediate frequency of 
470kHz. If the oscillator runs above 
signal frequency it will require a range 
of 1,070kHz to 2,070kHz. And if it 
runs below signal frequency it will 
require a range of, let me see now, 130 
to 1,130kHz. (Fig. 2.). 

"What's wrong with that?" 
"A very great deal," replied Smithy. 

"A frequency range of 1,070 to 
2,070kHz represents a ratio between 
bottom and top frequencies of about 1 

to 2 only. But a frequency range of 130 
to 1,130kHz gives a ratio of about 1 to 
8. The signal frequency range of 600 to 
1,600kHz gibes a ratio which is a little 
less than i to 3, and we consider this a 
sufficiently high ratio to be covered by 
a variable tuning capacitor. If we tried 
to cover an oscillator range with a ratio 
of 1 to 8 between the bottom and top 
frequencies we would . need an ab- 
solutely enormous tuning capacitor!" 

"Gosh," exclaimed Dick. ` I can see 
it all now. Having the oscillator fre- 
quency above signal frequency means 
that the oscillator tuning capacitor has 
a shorter range to cover, and this in 
turn will mean that it can have a lower 
maximum value than that needed for 
the aerial tuned circuit." 

"Exactly," confirmed Smithy. 
"What you normally find in practice 
these days with a.ni. superhets is that 
both sections of the 2 -gang tuning 
capacitor have the same value, but the 
effective value of the oscillator section 
is reduced by connecting -a capacitor 
in series with it. Which is, by the way, 
known as a padding capacitor." (Fig. 
3). 

Smithy glanced at the receiver with 
the broken ferrite rod, then started. 

"Dash it all," he complained irate- 
ly, "you've done it again! In the very 
first half hour of our getting, together 
in this New Year you've done it 
again!" 

"Blimey, Smithy," protested Dick, 
"you don't half carry on. What have I 
done again?" 

"Conned me into nattering about 
radio and electronics when there are 
other things to be done. You're always 

Signal range 

Oscillator range 
(oscillator high) 

Oscillator range 
(oscillator low) 

600kHz 
to 

1,600kHz 

1,070kHz 
to 

2,070 kHz 

130kHz 

to 
1,130kHz 

600 : 1,600 v 1 :3 

1,070:2,070 ^v 1 :2 

130:1,130 1:8 

Fig. 2. Medium wave signal and oscillator frequency ranges with oscillator 
frequency above and below signal frequency. An intermediate frequency 

of 470kHz is assumed 
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doing it. Let's get this set of your Aun- 
tie Eff's fixed up without any further 
messing around.", 

I wonder," asked Dick dubiously, 
"if we could stick the two halves of the 
rod back together again? Say, with 
that new high-speed glue that people 
are using to stick their fingers together 
with?" 

"Funnily enough," replied Smithy, 
"it is quite in order to stick the two 
halves of a broken ferrite rod together 
with adhesive. The adhesive can be 
any good cold setting type and the two 
parts must be nested together so that 
the interruption in the rod structure is 
as thin as possible. However, that rod 
in your aunt's set looks like a standard 
size to me, so we'll present ,her with a 
new one." 

Smithy picked up a rule, held the 
two parts of the broken rod together 
and measured their length. 

"Six inches," he announced. "No 
problem." 

He walked over to the spares cup- 
board and, after a little searching,. 
found a rod of the required length and 
diameter. He returned and handed it 
over to his assistant. 

"Here you are, Dick" he an- 
nounced. `I'll leave you to fit this. 
Don't forget to put the coils on the new 
rod the same way round as they are on 
the broken rod. Usually the two tuned 
coils are in series on long waves and if 
you put one the wrong way round 
they'll be out of phase with each 
other." 
MIXER -OSCILLATOR 

Dick loosened the plastic clamp 
which secured the broken rod, remov- 
ed it and then fitted the new one. After 
this, he slipped the two coils, on their 
formers, over the ends of the rods. He 
switched on the receiverand turned its 
tuning control. 

"Stap me, Smithy," he said, -pleas- 
ed, "there's no end of an improvement 
here. This set's as lively as anything 
now." 

"Good show. Well, all you've got to 
do now is set the coils in their right 
positions on the rod. For a quick job 
we can assume that.the aerial and os- 
cillator trimming is all right 
whereupon the first thing to do is to 
tune in a station on medium waves 
that is near the low frequency end of 
the band and move the medium wave 
aerial coil along the rod for maximum 
signal strength. Then tune in to Radio 
2 on long waves and adjust the long 
wave coil on the rod for optimum 
signal." 

"That doesn't sound very technical 
to me," objected Dick. 

"It isn't," confessed Smithy. "But it 
should be adequate if, as I say, we can 
assume that the trimming is correct. I 
hardly need to tell you that there's a 
trimmer across the aerial tuned circuit 
and another across the oscillator tuned 
circuit. The normal routine is to trim 
each tuned circuit with its trimmer at 
the high frequency end of the range 
and to adjust, or pad, each tuned cir- 
cuit by changing the inductance at the 

Signal 
tuned circuit 

Oscillator 
tuned circuit 

Podding 
capacitor 

Fig. 3. Normally, the signal and oscillator sections of the 2 -gang tuning 
capacitor have the same value, and a padding capacitor is connected in 

series with the oscillator section 

low frequency end of the range. You 
change the inductance of the oscillator 
coil by adjusting its iron -dust core, 
and you change the inductance of the 
aerial coil by moving it along the 
ferrite rod." (Fig. 4). 

"I've always understood why you 
trim at the high frequency end," com- 
mented Dick. "And that's because the 
tuning capacitor is then at minimum 
capacitance and the effect of the small 
trimming capacitor is at its greatest. 
But you don't have quite the same 
effect when you adjust coil induc- 
tance. Adjusting coil inductance 
seems to cause as much shift in reso- 
nant frequency at the high frequency 
end of the range as it does at the low 
frequency end." 

That's true," confirmed Smithy. 
"The two adjustments are interdepen- 
dent, which means that you usually 
have to carry them out several times 
before you reach the final correct set- 
tings. Most of these transistor por- 
tables have rather .involved medium 
and long wave trimming arrangements 
so, as a matter of interest, let's see if I 
can find the service sheet for this 
receiver of your Auntie Eff's." 

As Smithy walked towards the filing 
cupboard, Dick grinned to himself. 
Smithy had already completely 
forgotten his complaint, a few minutes 

Ferrite aerial 

Signal 
trim 

Signal pad 

earlier, that Dick had tricked him into 
spending his time talking about 
matters electronic. Once Smithy got 
into his stride on a particular subject 
there was no holding him back. 

"Ah, here we are," said Smithy, 
returning with a service manual. "We 
happened to have this one in stock." 

He opened the manual at its circuit 
diagram, placed it on the bench and 
indicated the circuitry around the 
a.m. mixer -oscillator transistor. (Fig. 
5). 

"Blow me," commented Dick. 
"There isn't much in the way of wave- 
band switching is there?" 

"There isn't," said Smithy. "All the 
switching is carried out by a double - 
pole double -throw switch. The overall 
set-up is quite typical of the sort of 
thing you encounter in the medium 
and long wave sections of portable 
a.m.-f.m. receivers." 

"Let's see," said Dick, "what 
happens when the switch is set to 
medium waves. The left hand switch 
section circuit is quite easy to follow. 
All the switch does is couple the tran- 
sistor base via a 0.01{2F capacitor to a 
coupling winding alongside the 
medium wave ferrite aerial coil. Now 
what does the right hand switching 
section do? Oh yes, it short-circuits the 
long wave ferrite aerial coil." 

"There's not a direct short-circuit," 

Oscillator 
trim 

L J 

Trim at high frequency 

Pad at low frequency 

Us 

ll Oscillator 

IÌÌ 
pad 

Fig. 4. Basic trimming and padding procedure for an a.m. broadcast band 
receiver 
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Ferrite 
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Ist I.F. transformer 
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I 
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L.W. 

IOpF ie9 j6Bko 

/ 
/ 

/ 

/ -J 
Fig. 5. Typical medium and long wave mixer -oscillator stage with representative component values and a d. p.d.t. wavechange switch. The bottom -end long wave signal coupling and medium wave oscfllator damping circuits are encountered in some B.R.C. receivers 

Smithy corrected him. "The right hand switch section connects the up- per end of the long wave coil to chassis, whilst the lower end of the long wave coil couples to chassis via a 2,000pF capacitor." 
"That's as good as a short-circuit so far as I'm concerned." 
"It's not, you know," persisted 

Smithy. "That 2,000pF capacitor has a reactance of around 250 to 50012 at long wave frequencies. What happens 
is that the long wave coil becomes resonant at a very low frequency 
which is well below long wave frequen- 
cies. And this overcomes an ever- present problem which occnrs 
whenever you have a medium and a long wave coil on the same ferrite aerial rod. `If the long wave coil is open -circuit when medium waves is selected it may resonate with its own self -capacitance at a frequency in the medium wave band and cause awkward absorption effects. In some sets the long wave coil is directly short-circuited on medium waves. In this set it's tuned well away from the medium wave band." 

OSCILLATOR SWITCHING 
"As you like," said Dick carelessly. 

"Now let's have a look at the oscillator 
part. This seems simple enough, too, 
with the transistor emitter and collec- 
tor connecting to coupling, windings 
alongside the tuned coil. The oscillator 
section of the 2 -gang tuning capacitor 
has a trimmer across it and it connects 
to the top end of the coil by way of a 

270pF capacitor." 
"It does," agreed Smithy, "and that 270pF capacitor is the padding 

capacitor. Both sections of the 2 -gang tuning capacitor in this set have the same value." 
"There's something funny here," stated Dick, frowning. "The top end of the coil also connects to a 240pF capacitor and 25pF trimmer in parallel and these connect to a 68k1-3 resistor going to chassis." 
"Forget about them for the moment," advised Smithy, "and see what happens when the two switch sections are set to long waves." 
"All right," replied Dick agreeably. 

"On long waves the right hand switch section disconnects the upper end of the long wave ferrite rod winding from chassis, with the result that the medium and long wave windings are 
now in series. And the left hand switch section disconnects the transistor base from the medium wave coupling win- ding and connects it to that 2,000pF capacitor below the long wave win- ding Hey, Smithy, that's crazy!" 

No, it isn't. What you've got there 
is what is known as a bottom -end coupling." 

Bottom -end coupling?That's new 
to me." 

"It is a bit unusual," conceded 
Smithy. "The best way of explaining it 
is to start off by saving that one way of taking a low impedence output from a tuned circuit is to take it from a coil tap near the earthy end. Okay?" (Fig. 6(a).). 

"Yes, I can visualise that." 

"And another way," continued 
Smithy, "is to take the low impedance 
coupling from a tap in the capacitive 
side of the tuned circuit. You can't tap 
into a capacitor as you can into a coil, but you can do what is effectively the 
same thing and have two capacitors in 
series and take the coupling from their 
junction. If the capacitor connecting 

- to chassis has a much higher value 
than the other capacitor then it has a much lower reactance, and the coupl- 
ing is equivalent to a tap low down a 
coil." (Fig. 6(b).). 

"That," remarked Dick, his brow 
furrowed in thought, "seems to be reasonable enough. But the high 
value capacitor in the receiver circuit 
is in series with the coil." 

"No difference," responded 
Smithy. "All that has happened is that 
the chassis connection has shifted to 
the junction of the two capacitors and 
the coupling is taken from the junction 
of the high value capacitor and the 
coil." (Fig. 6(c).). 

"Oh, I get it! But there's still one 
thing that doesn't seem to be quite 
right. Since the low value capacitor is 
actually the signal frequency tuning 
capacitor, won't the ratio between the 
two capacitors change as the tuning 
capacitor is adjusted?" 

It will," stated Smithy, "and the 
impedance at the coupling point will' 
change, too. If the large value 
capacitor has a value which causes a sufficiently low impedance to be given 
when the tuning capacitor is at max- 
imum value, all that will happen is 
that the impedance reduces as the 

r 
t 
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AN AUDIO SIGNAL 
GENERATOR 

for only £14.95! 

STAR FEATURES: 
* 15Hz-150Khz 
* Sine/Square Wave Output 

Variable 0-3V PkPk 
* Very Low Current Consumption, 

9V Btty 
* One IC Plus 4 Transistor Circuit 
* Smart ABS Case, drilled and 

screen printed 
* KIT includes All Components, 

Drilled PCB, Controls, etc. 
* Unbeatable Value: 
KIT ONLY £14.95 (pp 70p) 
READY BUILT .E19.70 (pp 70p) 
CWO To: 

WELLTEX MFG. CO., 
9 Sirda Strand, Gravesend 

DA12 4LP 
(C.O.D. orders accepted) 

GAREX 
Modulation transformer 
Valve type 747, for 30W Tx £2.60 
Mains transformer (multitap primary) 
250 0.250V 200mA, 6.3V 5A, 5V 2A, 
fully shrouded, (suitable for 30W Tx, match- 
ing style to mod. transf.) £6.95 
Connection data supplied with transformers. 
H.T. chokes 5H 80mA. 1.8H 125mA £1.25 
Relays GPO type 2400, 12V coil, 8A contacts,. 
4PCO or 2P make 45p each; 5+: 30p 
Neons min. wire end, 55p/10; £4/100 
Slide Switches min. DPDT 18p ea; 5+: 13p 

2 pole, 3 position 22p each; 5+: 18p 
PL259 UHF Plug & Reducer 68p; 5+: 60p 
60239 UHF Socket panel mtd. 55p; 5+:46p 
BNC cable mtg Socket 50 20p; 5+: 15p 
Resistor Kits E12 series, 22n to 1M n 
57 values. 5% carbon film, 1W or }W. 
Starter pack, 5 each value 12851 £2.40 
Mixed pack, 5 each 1W + }W 15701 £4.86 
Standard pack, 10 each 1570) £4.86 
Giant pack, 25 each 11,425) £11.65 
Numicators ZM1080 75p each; 5+: 63p 
I.C.'s (new. full spec.) CD4001AE 25p 
SN76660 £1.12. 723 (T05) 90p 
NE555 Timer 65p 
709 (T05); 741 (DIL-81 Op. amps 30p each 
5+ I.C.'s (any mix) at 20% discount 
Nicad rechargeable cells HP7 size £1.05 
each; 4+: 95p; 10. : 88p. Brand new. 
We stock amateur V.H.F. equipment and 

mobile aerials, s.a.e. details. 
Distributors for J. H. Associates Ltd. 

(switches and lamps) 
Prices include UK Post, Packing & VAT 

Mail order only Sole Address: 
GAREX ELECTRONICS 

7 NORVIC ROAD, MARSWORTH, 
TRING, HERTS HP23 4LS 

Cheddington (STD 0296) 668684 

I 
-- Low impedance 

tap 

(a) 

CA 

Low impedance 
tap 

(b) 

Low impedance 

tap 

(C) 

Fig. 6(a). Taking a low im- 
pedance tap from the inductive 

side of a tuned circuit 
lb). The tap can alternatively be 
taken from the capacitive side 
of the tuned circuit. CB has a 

much higher value than CA 
(c). An alternative version of 
the circuit, with the connec- 

tions to CB reversed 

tuning capacitance gets smaller." 
"That seems to be all right then," 

yielded Dick. "Let's take a look at the 
oscillator section. The right hand 
switch section connects the 240pF 
capacitor and the parallel 25pF 
trimmer directly across the oscillator 
tuned coil." 

"Whereupon," stated Smithy, "the 
oscillator frequency is much reduced 
and can now be tuned over the range 
required for long waves by the os- 
cillator section of the 2 -gang capacitor. 
Also, that 68k R resistor you were 
worrying about just now is short- 
circuited. The oscillator circuit is 
designed to run at correct level on long 
waves, when a relatively high 
capacitance is connected across the 
coil.. But on medium waves, where 
there is much less tuning capacitance, 
the oscillator could run too violently 
unless some precaution were taken. 
The precaution consists of putting that 
68k f) resistor across the tuned circuit 
via the parallel 240pF capacitor and 
25pF trimmer. 'l'he resistor damps the 

oscillator tuned circuit so that the os- 
cillator runs at just about the same 
level on medium waves as it does on 
long waves." 

"That's crafty," commented Dick. 
"Well, we seem to have picked the 
bones of this wavechange switching 
circuit pretty thoroughly. No, we 
haven't! There's one capacitor we 
haven't looked at yet. That's the 60pF 
one between the top of the long wave 
ferrite rod winding and chassis. 
What's that do, Smithy?" 

"It's effectively a long wave trim- 
ming capacitor," replied Smithy. 
"Since there are relatively few turns 
on the medium wave aerial coil, that 
60pF capacitor can be looked upon as 
trimming all the aerial coil inductance 
which is in circuit on long waves. It 
only comes into use on long waves and 
it's purpose is to give good tracking 
between aerial and oscillator tuned 
circuits on this band. And that's the 
lot so far as this circuit is concerned." 

"It isn't quite," said Dick quickly. 
"What does the service sheet say 
about alignment?" 

Smithy leaned over and examined 
the instructions in the manual. 

"It's pretty well what you'd ex- 
pect," he announced. "Briefly, the 
medium wave band has to be adjusted 
first. The trimmer across the oscillator 
tuning capacitor is adjusted at the 
high frequency end for correct recep- 
tion frequency as indicated by the 
tuning scale, and the aerial circuit 
trimmer is adjusted for maximum 
signal strength. Then the oscillator 
tuned circuit is padded at the low 
frequency end for correct reception 
frequency by adjusting the oscillator 
core, after which the aerial circuit is 
adjusted by moving the medium.wave 
aerial coil along the ferrite rod. These 
two operations are repeated until there 
is no further improvement. Then you 
switch to long waves and make ad- 

hustments 
at a single frequency a little 

igher than that of the Radio 2 
transmission. The 25pF trimmer in 
parallel with the 240pF capacitor is 
adjusted for correct frequency of 
reception, after which the long wave 
coil is moved along the ferrite rod for 
optimum signal strength. If you want 
the alignment instructions in greater 
detail, then I'll leave you to read them 
for yourself'." 

START OF THE YEAR 
With which words, Smithy left his 

assistant, walked over to his own 
bench and proceeded to gather up 
some tools and a testmeter. 

"Hey, Smithy," called out Dick. 
"You aren't going to leave just like 
that, are you." 

I am, came Smithy's purposeful 
reply, as he put on his raincoat. 

But," wailed Dick, as Smithy 
opened the door, "haven't you 
forgotten something?" 

"No, I haven't," said Smithy, half- 
way out of the door. "But this is the 
first chance I've had of saying it. And 
a Happy New Year to you, too!" 
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RADIO 

TOPICS 
By Recorder 

Up till now I had always looked 
upon the 741 as offering pretty well all that one could ask for in an 
operational amplifier working at d.c. 
or fairly low frequencies. It is ex- 
tremely robust, has a typical voltage 
gain of 200,000 times and its input 
resistance is 0.3M12 minimum and 
2Mí2 typical. Practical checks have 
shown that, if preceded by a silicon 
emitter follower transistor, the input 
resistance at the transistor base is well 
in excess of 1MS2, with the proviso 
that this assumes leakage currents in 
the transistor that are lower than 
manufacturers' maximum specifica- 
tion figures. The combination of emitter follower and 741 was used, to 
effect, in U. A. French's 'Low Cost 
Electronic Voltmeter' in the July 1975 
issue and, to even greater effect, in the 
resistance bridge described in 'In 
Your Workshop' in the October 1975 
issue of this journal. 

NEW DEVICE 
But things never remain static in 

electronics and we now have a new 
operational amplifier, from RCA, 
which completely out -performs the 
741 so far as input resistance is con- 
cerned. This is the CA3130 and the 
reasim for its superior performance is 
that it is a CMOS device with a 
MOSFET input, whereupon the input 
resistance goes up to astronomical 
levels. 

The internal circuitry of the 
CA:3130 is a lot simpler than is that of 
the operational amplifiers we have 
become used to in recent years. Two p - 
channel MOSFET's appear in a 
differential amplifier in the first stage, 
with the inverting and non -inverting 
inputs connecting to their gates. Their 
drains couple to the collectors of two 
bipolar transistors in a modified 
current mirror configuration, a single - 
ended output being taken from one of 
the transistors. If desired, an offset 
null potentiometer may be connected 
to the emitters of the bipolar tran- 

sistors, but even without this the input 
offset voltage is low. 

The single -ended output connects to 
the base of another bipolar transistor. 
This is in the earthed emitter mode 
and has a constant current source as 
its collector load. The collector also 
connects directly to the gates of the 
output transistors, these being a p - 
channel and an n -channel MOSFET 
in a totem -pole complementary output 
stage. And that, apart from the input 
gate protecting diodes and a bias 
network, is the lot. Most of the voltage 
wain in the device is provided lby the 
bipolar transistor which feeds the out- 
put MOSFET's. 

A single external compensating 
capacitor is needed to prevent the i.c. 
from taking off. This couples effec- 
tively across the high, gain bipolar 
transistor and requires a value of 
about 47pF. 

'Che input current to the CA3130' is 
typically 5 picoamps at' 25 degrees 
('entrigrade, rising to about 1,000 
picoamps at 120 degrees. And 1,000 
picoamps is, of course, one - 
thousandth of a microamp. This input 
current is mainly leakage current in 
the input gate protecting diodes. The 
typical input resistance at 25 degrees 
Centigrade is also quoted, as 1.5Tí2. I 
had to look up the reference books for 
`T', which is short for 'tera'. 1.5TS2 is 
the same as 1.5 million megohms! 

As with all CMOS devices, some 
,care is needed in handling, the 
CA31:30. The soldering iron bit used 
for connecting it into circuit should be 
reliably earthed, and if the input gate 
protecting diodes are made to conduct 
due to improper circuit operation the 
input current must not exceed 1mA. 
The ('A3130 is normally supplied in 
an 8 lead TO -5 style package, 
whereupon it is referred to as the 
CA:31:30,1'. 

The CA3130 will not be the op -amp 
to end all op -amps. But it certainly 
takes development towards that ideal 
a very considerable step forwards. 

MORSE MADE 
EASY 

(es 
BY THE RHYTHM 

METHOD! 
These courses. which have been sold for 
over 23 years, have been proved many times 
to be 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 and words. 
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 hooks. 
For Complete Course send £5.00 including 
P.P.I. etc. (overseas surface mail f 1 extra). 

THE MORSE CENTRE 
Box 8. 45 Green Lane, Purley, Surrey. 

I enclose 15.00 or large s.a.e. for explanatory 
booklet. 

Name 

Address 

PADEC COMPONENTS 
(Dept. REC2) 

STOCK UP NOW, 
QUANTITY PURCHASE OF 

QUALITY COMPONENTS 

, 250 CARBON FILM RESISTORS 5% 
(at least 40 different values per 
pack £2 

20 1 AMP/400 VOLT DIODES 
(1N4000 series) £1 

10 ZENER DIODES 
(all different values) £1 

40 metres PVC EQUIPMENT WIRE 
(2 amp, 7/0.2) 
10 metres of red 
10 metres of black 
10 metres of green 
10 metres of white £1 

3 BRIDGE RECTIFIERS 
(mixed: 1-3 amp/50 volts) £1 

2 PLASTIC TRIACS 1.6 amp/400v 
(ideal for experiments, lead details 
given) £1 

10 GLASS WIRE ENDED NEONS 
(require a 220K resistor for mains 
operation) 70p 

Also available: 
Capacitor -Discharge (car) ignition 

transformers (FREE CIRCUIT) 
Limited number of Stereo 
Headphones 

S.A.E. with enquiries please 
Quoted prices include post, etc. 

P.O. BOX 71, 
SOUTHEND-ON-SEA, 

ESSEX SS2 5DZ. 
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The Limrose Microtutor 8080. 
This is a microcomputer in its 
own right and can be employed 
for developing an understan- 
ding of microprocessors and 

their software 

PREFIXES 
Since I had to look up 'T' for `tera', 

it occurs to me that there are other 
prefixes denoting magnitude which 
are likely to crop up in the future, now 
that electronics deals more and more 
with very large and very small quan- 
tities. For the record, let's list them all 
here. Kilo (k) means a thousand, of 
course, whilst mega (M) stands for a 
million. The next one up is giga (G) 
which means a thousand million, 
followed by tera (T) which, as we've 
just seen, stands for a million million. 

Going down in scale we have the 
familiar milli (m) which represents a 
thousandth part, micro (µ) a 
millionth, nano (n) a thousand 
millionth and pico (p) a million 
millionth. Now comes the unfamiliar 
ones. These are femto (f) a thousandth 
of a pico, and atto (a) a millionth of a 
pico. 

And you can't get much smaller 
than that. 

MICROTUTOR 8080 
The accompanying photograph il- 

lustrates the Limrose Microtutor 
8080, which is described as offering a 
fast, simple and inexpensive way of 
developing a fundamental understan- 
ding of microprocessors. It gives the 
`hands on' experience needed to 
master and apply microprocessors. 

The Microtutor 8080 is a full 8 -bit 
microcomputer with an 8080 c.p.u., 
1K x 8 -bit random access memory, an 
input port, an output port, an in- 
terrupt instruction port and a status 
port. It has facilities for manual 
loading of the memory and for single 
stepping of the processor, and can 
therefore be used as a prototyping 
computer for development of 
applications software. It can also be 
expanded with additional memory 
and a teletype interface, using plug-in 
cards, for more advanced work. 

All important signals, data bits and 
addresses are continuously displayed 
by means of over 40 l.e.d. indicators. 
Inputs are provided on several switch 

,`3`a`,'a\\ \\ 

registers and press -button switches. 
Data paths and the manner in which 
they relate to various registers are 
shown on the front panel. 

By following the instruction book 
provided with the Microtutor, a per- 
son with limited technical knowledge 
can rapidly learn how microprocessors 
work. Trained electronic engineers 
can quickly bridge the gap between 
conventional hardware and 
microprocessor software by making a 
step-by-step progression from 
developing simple algorithms to com- 
plex programmes. 

The Microtutor 8080 is available 
fully tested and assembled in a por- 
table cabinet weighing only a few 
kilogrammes. It has merely to be 
plugged into the a.c. mains for the user 
to have a powerful microcomputer 
ready for use. 

Further information is available 
from the manufacturers, Limrose 
Electronics Limited, 241-243 
Manchester Road, Northwich, 
Cheshire. 

GIM CATALOGUE 
General Instrument Microelec- 

tronics Ltd., of 57-61 Mortimer St., 
London W1N 7TD, announce that, 
because of the large number of stan- 
dard microcircuits now comprising 
their range of off -the -shelf MOS/LSI 
devices, they have published their 
latest product catalogue in a con- 
venient, easy -to -use paper back form. 
The new catalogue is available at no 
charge to existing GIM customers or 
purchase managers and can be bought 
by first-time users from GIM dis- 
tributors at a nominal cost. 

The 320 page publication provides 
comprehensive data including func- 
tional descriptions, pinning, timing 
and peripheral circuit details for all 
MOS microcircuits in GIM's fast 
growing products range. This now 
comprises over 200 different 
MOS/LSI devices for the consumer, 
calculat(ïr, telecommunications and 
data management product areas. 

General Instrument manufacturers 
MOS/LSI circuits for clocks, clock 
radios, TV tuners, remote control, 
appliance timers, radio and high 
fidelity systems. 

GIM is also the leading supplier of 
LSI video game microcircuits. The 
AY -3-8500 was the first single chip 
LSI product to provide six different 
games with on -screen scoring and 
realistic sound. 

SEEING HEAT 
Presented by Marconi' Space and 

Defence Systems Limited at the 1976 
Farnborough International Air Show 
were details of a new lightweight ther- 
mal imaging night sight. 

The new sight, probably the 
smallest and lightest, of its type in 
Europe, is designed primarily to give a 
night -fighting capability to anti - 
armour guided weapon systems, but it 
has many applications in the fields of 
security and safety. Due to its ability 
to detect people in conditions of com- 
plete darkness it has considerable 
potential as an intruder detection 
device. 

The sight has two magnifications, 
enabling a wide field of surveillance 
mode to be switched instantly to a 
narrow field of view at higher 
magnification whilst retaining the 
centre -field sight -line. Field -of -view, 
aspect ratio, spatial resolution and 
viewing optics can be provided to meet 
customer requirements. A graticule is 
fitted and a variable focus eyepiece is 
supplied which ensures that both 
graticule and scene are in focus. 

Infra -red radiation from the scene 
is focused by a large aperture afocal 
lens system onto cadmium mercury 
telluride detector elements via an 
optic -mechanical scanner and a 
collimator. The detector output is fed 
via the processing electronics to a ver- 
tical multi -element light emitting 
diode array. The light from the I.e.d.'s 
is then directed via a collimator to the 
scanner, which reflècts the output into 
the variable focus eyepiece. 
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LIGHT -EMITTING 
DIODES 

Recently introduced by Litronix, 24 
Sun Street, Hitchin, Herts, are two 
new red light -emitting diodes having a 
particularly high light output. 

In these, the semiconductor material is gallium arsenide 
phosphide, and voltage drop is 2 volts 
at a forward current of 20mA. The 
lens is red diffused polypropylene and 
provides a large full flooded front 
radiating area with wide angle view- 
ing. 

Type numbers are RL -4403 and 
RL -4415. The RL -4403 is of conven- 
tional construction with its lead -outs 
extending backwards. As can be seen 
in the photograph, the RL -4415 has its 
lead -outs angled at 90 degrees to 
facilitate direct mounting to a printed 
circuit board. Snap -on clips are 
available for both types for panel 
mounting applications. 

These rather unusual l.e.d.'s 
have their lead -outs at right 
angles for direct mounting to a 
printed board. They are high 
brightness types manufactured 

by Litronix 

UNUSUAL TRIMMER 
I was digging into a rather old valve 

signal generator the other day and had 
reason to take the screen off the coil and range switch department: 
Although the signal generator was 
housed in its own metal case the tuned 
circuits were contained in a further in- 

ternal screened compartment. This is 
a pretty standard practice with signal generators. It provides double screen- ing of the tuned circuits, and it also ensures that they are well isolated from the outside world and- are thereby more able to maintain their frequency accuracy in terms of the signal generator tuning scale. 

Everything inside the tuned circuit compartment was as it should be, but 
I learned a little lesson about trim- ming capacitors. Each tuned circuit was trimmed by the capacitance 
between two twisted enamelled copper 
wires! 

A thick enamelled wire, of around 
12 s.w.g., protruded outward from the chassis, to which it was connected. 
Close -wound around it was a thin enamelled wire, around 26 s.w.g., this connecting to the non -earthy side of the appropriate tuned circuit. The number of turns of the thin wire on each of these assemblies varied from 

ten to about thirty. The open end of each thin wire gave the appearance of having been removed and then cut off about half an inch from the thick wire. 
The alignment procedure at the fac- tory was quite obvious. Initially, the thin wire' would be close -wound tightly 

on the thick wire, possibly by machine, and would intentionally 
have too many turns. When it became necessary to trim the tuned circuit concerned, the thin wire would then be carefully unwrapped from the thick 
wire until the resonant frequency was just at the correct level. This would be 
a one-way process, because it would be difficult to wind the thin wire back on tightly again if too much were remov- 
ed. 

The whole idea sounds rather primitive but, on reflection, is it? Two lengths of enamelled wire are cheaper than a physical trimmer having the long-term stability required in a signal generator, and the twisted wire assembly would certainly stand up to plenty of knocks and general maltreatment of the instrument. 
Patently, there should be no direct 
voltage between the two wires because 
of the thinness of the insulation 
between them but that seems to me to 

be the only serious disadvantage in the idea. So, the next time you require a stable low value trimmer, those two twisted enamelled wires may be just the job for you! 

'Precedence Detector' 
In the circuit description , for this project it was pin 3 of the 7400 is taken to 1 when S1 is pressed. It is, stated, on page 232 of the November 1976 issue, that of course, pin 1 which is so taken. 

BACK NUMBERS 
For the benefit of new readers we would draw attention to our back number service. 
We retain past issues for e 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 11 p 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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Use the NEW Strip -fix Plastic 
PANEL SIGNS 

* SET 3 - Wording - 
WHITE 

* SET 4 - Wording - 
BLACK 

Over 1,000 words and symbols, 
covering more than 300 terms, in 

each set 
Illustration of actual size = RADIO 

* SET 5 - DIALS 
6 sheets containing one Large and 
two Medium scales, Large Horizontal 
Tuning scale, Frequencies, 12 Control 

Panels 

Easy to fix 
Stapled in booklet form 
Designed to hang above workbench 
Pocket for loose cuttings 
Professional finish 

ICE 
SET 3: 75p 
SET 4: 50p 
SET 5: 38p 

(P. & P. 7p per set) 

ALL PRICES INCLUDE V.A.T. 

The Perfect Transfer for the Home Constructor 

To Data Publications Ltd., 57 Maida Vale, London, W.9 1 SN 

Please supply Panel Signs as follows: Set 3 Set 4 Set 5 

I enclose cheque/crossed postal order for (Tick which set 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 

Advértisements 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- 
not 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. 

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 Nl 2LJ. Telephone: 
01-359 4224. 

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. 

WANTED TO PURCHASE: All early books on radio, preferably before 1925. Box No. 282. 

T'HERS FIND MASSES MORE 
COINS/VALUABLES with latest auto -tuning 8 tran- 
sistor variable acoustic professional detector. Save £100+ 
over comparable commercial machines. Complete 
easybuild plans/suppliers list £1.50. Detex Electronics, 20 
Maldon Road, Acton, London W.3. 

FAST SERVICE for resistors, capacitors, transistors, din 
plugs, jack plugs, audio leads. Special Offer: AC128 12p, 
post extra. S.A.E. list. Callers welcome. Torbay Electronic 
Components, 185 Higher Union Street, Torquay, Devon. 
Telephone: 211086., 

BOOKS TO CLEAR. 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. 

MULLARD COMPONENTS. Send s.a.e. for free list to 
P.M.S., Dept REC4, P.O. Box 6, Crawley, Sussex, RH10 
6LH. 

ANTIQUE RADIO BOOKS. Newnes "Television & Short 
Wave Handbook" by F. J. Camm, 1935, £3.00. News 
Chronicle "Wireless Constructor's Encyclopaedia" by F. 
J. Camm, 3rd edition, circa 1930, £3.50. Prices include 
postage and packing. Box No. G318. 

THE BRITISH AMATEUR ELECTRONICS CLUB 
for all interested in electronics. Four Newsletters a year, 
concessions for members and Major Projects sponsored 
byd the B,A.E.C., currently the B.A.E.C. Computer. U.K. 
membership fee £2 a year from January 1st, overseas £3 
surface, £4 airmail. S.A.E. for details to Hon. Sec., J. G. 
Margetts, 42 Old Vicarage Green, Keynsham, Bristol. 

(Continued on page 381) 
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Light600 

MASTER UNIT wAPER TYPE A 
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TWIN BANK 6 LIGHT (less lamps) 
L ENGTH 
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RED,YELLOW,GREEN 3 lamps 

BLUE, gin 30 nach £3.90 CLEAR j 
O.C. or E.S. Fitting 

L PRICES IN CLIME V.A.T. and POST & PACKING 
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Sand 20 for illustrated leaflet & . rice lis ALBEN ENGINEERING CO. LTD., 
DEPT. RE THE CRESCENT WORSTHORNE, 
BURNLEY. LANCS. TeIBurnley20940 

ETCHING KIT 
All you need to make your own 

PRINTED CIRCUITS 
Full instructions, Copper Clad Board, Ferric 

Chloride, Dish and Pen 

!Price incl. VAT & Postage £4.75 
Send cheque or P.O. today to: 

HOME RADIO COMPONENTS LTD. 
240 London Road, Mitcham, 

Surrey, CR4 3HD 
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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) 

REVOR OPTICAL & 
¡--. TECHNICAL 

42 TAVISTOCK STREET 
LONDON W.C.2 

Tel. 01-836 4536 

£10.00 
POST 
FREE 

II A D I O 
MODELLER 
ELECTRONIC 

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 

i 

U.K. Packing 
& Postage 32p 

ON SALE NOW 
at all leading shops 
or direct from:- 

RADIO MODELLER 
BOOKS DIVISION, 
84 High Street, 
teddington, TW11 8JD. 

theory and 
practice of 

MODEL 
RADIO 
CONTROL 

of ,Ltem, 
moporbonal 
,ne. 
.,I, 'e1yn. n0 

L 

SMALL ADVERTISEMENTS 
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London W91 SN 

Please insert the following advertisement in the issue of RADIO & ELECTRONICS CONSTRUCTOR 

l 15 words at 8p 
j = £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 379) 

60kHz MSF RUGBY RECEIVERS BCD time -of -day 
output. High performance PLL 5V operation, pulsating 
LED. Kit or assembled instrument available. Prices 
£14.08-£23.47. Details: Toolex, Sherborne, Dorset. 

COLLECTORS' ITEMS. Bound Volumes of "The 
Wireless World" (which was then published weekly) for 
1929, 1930, 1931, 1932, 1933, 1934, 1935, 1936, 1937, 1938, 
and 1939 (nine months only for this year due to outbreak 
of war). Two volumes per year, total of 22 volumes. All in 
very good condition. Offers invited. Box No.G319. 

TREASURE HUNTERS! Construct, inexpensively, 
metal detector giving £300 performance. 10 pages, il- 
lustrated plans, £1. C. H. Lucas, 241 Upminster Road 
South, Rainham, Essex. 

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., LE1 I 3LZ. 

HEATHKIT TEST GEAR, ETC. Most factory built. 
Generators: RF -1U £20. A.F. AG -9U £20. R/C bridge C - 
3U £15. Valve voltmeter with R/F probe V -7A £18. 
Oscilloscope 0-12-U £25. Electronic Switch S -3U £10. S.B.- 101 case only £5. Collins mechanical filter 455-Z-5 
with crystal £10. All items must be sold, i.e. o.n.o. 
Telephone: West Coker 2712. 

COMPONENTS OBTAINED ON REQUEST for pro- 
jects in this and other magazines for constructors in the 
Coventry area. Barras Electronics, 11 North Street, 
Coventry. Telephone 441141. 

SPECIAL OFFER: Limited number of Bound Volume No. 
25 "Radio Constructor" (1971/1972) which were only 
slightly damaged in a fire at our warehouse. Price £1.25 
each plus '75p postage and packing. Data Publications 
Ltd., 57 Maida Vale, London W9 1SN. 

FOR SALE: Avo electronic multimeter £10.00. Avo Minor 
£7.00. Super 8 projector £5.00. Stereo cassette mechanism 
£10.00. Closed circuit television camera, not working 
£40.00. Video recorder, not working £50.00. Box No. G322. 

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. 

FOR SALE: Heathkit oscilloscope Model 10-18U,4.5MHz 
bandwidth. Assembled and working but otherwise not 
used £15.00. Two c.r.t. 3BP1 for new transistorised os- 
cilloscope, £5 each. L. Wade; Telephone: Epping 75899, 
office hours only. 

(Continued on page 382) 

Become_i 

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. 

WAA 

Brochure, without obligation to: 

BRITISH NATIONAL RADIO 
& ELECTRONICS SCHOOL, 

P.O. Box 156, Jersey, Channel Islands. 

REK 17 

NAME 

ADDRESS 
(Block caps please) - 

PRECISION POLYCARBONATE CAPACITORS 
ALL HIGH STABILITY - EXTREMELY LOW LEAKAGE 

440V AC (+-10%) 63V DC Range +-1% +-2% +4% 0.1pF (1'"x ") 68p 0.47pF £1.32 77p 51p 
0.22pF (1 "x ") 86p 1.OpF £1.58 91p 60p 
0.25pF 1rx") 92p 2.2pF £1.98 £1.32 76p 
0.47pF (1 x ") £1.10 4.7pF £2.82 £1.88 £1.23 
0.5 iF (1'x4") £1.16 6.8pF £3.48 £2.32 £1.47 
0.6813F (2°$i £1.25 10.0pF £4.98 £3.32 £2.01 
1.OpF (2"x}") .37 15.0pF £7.14 £4.76 £2.88 
2.0pF (2"x1") 

£1 
£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.OpF at 6V/10V or 16V; 33.OpF at 6V or 10V; 47.0uF at 3V or 6V; 
100.0pF at 3V. ALL AT 12p EACH: 10 for £1.10; 50 for £5.00. 
TRANSISTORS: 
BC107/8/9 9p BC183/183L 11p BF194 12p BFY51 20p 

.8C114 12p BC184/184L 12p ` Bí196 13p BFY52 20p 

.BC147/8/9 10p BC212/212L 12p . BF197 13p 0071 20p 
*B C157/8/9 12p BC547 12p AF178 top 2N3055 50p 

82/182L 11p BC558A 12p BFY50 20p 2N3702/411p 
I N914 6p; 8 for 45p; 18 for 90p. 1N916 8p; 6 for 45p; 14 for 90p. 
IS44 Sp; 11 for 59p; 26 for £1.00, IN4148 5p; 6 for27p; 12 for 48p. 
LOW PRICE ZENER DIODES: 400mW; Tol. +-5 % at 5mA. Values 
wadable; 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 6Sp. SPECIAL: 100 Zeners for 66.00. 

*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 
or 10 of any one value; 70p for 100 of any one value. SPECIAL PACK: 
10 of each value 2.20 to 2.2M0 (730 resistors) £5.00. 

.SILICON PLASTIC RECTIFIERS - 1.5 Amp - Brand new wire 
anded D027: 100 P.I.V. - 7p (4/26p); 400 P.I.V. - 8p (4/30p). 
BRIDGE RECTIFIERS: 2f Amp. 200V - 40p; 350V - 45p; 600V - 55p. 
SUBMINIATURE VERTICAL PRESETS - 0.1W only: ALL AT Sp 
each; 500,1000, 2200, 4700, 6800 1 K, 2.2K 4.7K, 6.8K, 10K, 15K, 22K, 
47K, 100K, 220K, 680K, 1 M, 2.5M, & 51vÌ. 

PLEASE ADD 8% VAT TO ALL ITEMS EXCEPT THOSE MARKED WITH WHICH ARE 12}%. 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. Pl, The Old School, Edstaston, WE M, Salop. Tel: WHIXALL (Salop) 
464/5 (STD 094872) (Props: Minicost Trading Ltd.). 
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FiI!1Ii1E mí42 
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 Sparkrite 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 1/50t,ß 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/distributor ignition up to 8 cylinders. 

THE KIT COMPRISES EVERYTHING NEEDED 
Ready drilled pressed steel case coated in matt black epoxy resin, ready 
drilled base 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 (09221 33008. 

PRICES INCLUDE VAT, POST AND PACKING. 

Improve performance &economy NOW 

(Wick installation 
Aft wsiel/em d fkat1IM 

required ss - 
Electronics Design Associates, Dept., REC/1 
82 Bath Street, Waled)), WS1 30E. Phone: (0922) 33852 
Name 

Address 

Mk, 2 DIY Arr, Kites 011.80 

Mk, 2 Rea Built Negative Earth Ea C14.97 

Mk, 2 Ready Built Positive Earth OP 014,97 

I gnitbn Changeover awltches 81 £4.30 

R.P.M. Limit systems In above unita ® £2.42 

I enclose cheque/PO's fore 

Cheque No. 

Send SAE If brochure 
only required. 

SMALL ADVERTISEMENTS 
(Continued from page 381) 

FOR SALE: 100 unmarked BZY88 50p. 25 unmarked 2W 
zeners 50p. 100 high wattage resistors 50p. S.A.E. for lists. 
Box No. G323. 

FOR SALE: Telford Communications 2m. converter, 
G8AEV MKII. £10. G2UK, 21 Romany Road, Oulton 
Broad, Lowestoft, Suffolk. 

ABS BOXES - Black with lids, brass corner inserts. 80 x 60 
x 42mm. 35p. 100 x 75 x 42mm. 40p. 120 x 100 x 42mm. 
45p. Please add 8% VAT and P&P. Nortek Engineering 
Ltd., 41a Harrowby Street, Farnworth, Lancs. 

FOR SALE: Cassettes 10 - £10.00. S.A.E. for list. Box No. 
G324. 

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. 

FOR SALE: Books on Communications: Electronics: 
I.E.R.E. Journal Vol. 43: List. Transistor Checker. Tran- 
sistor 2 -Metre pre -amp. Wanted: "Microwave Journal" 
Hughes, 11 Henley Road, Ludlow, Salop. 

FOR SALE: 4f in. reflector telescope, f/I 900mm. Wooden 
tripod. 6mm. and 20mm. eyepieces. £50 o.n.o. Tony 
Weatherley, G3WDI, 16 Beverley Court, CarltonCofville, 
Lowestoft, Suffolk. 

FREQUENCY LIST TRANSFERS. We have a limited 
supply of sheets of Dial Frequency Transfers in black. 
Short Wave frequencies 1.8Mc/s to 32Mc/s and 1.44Mc/s 
and 146Mc/s. Includes amateur band marker frequencies 
at 100kcts points and other short wave frequencies from 2 
to 32 Mc/s at every 500Kc/s points. Each frequency is 
repeated. Two sheets for 5p., five sheets for 10p., postage 
7p. Data Publications Ltd., 57 Maida Vale, London, W9 
1SN. 

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, BNl 3GJ. 

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. 

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk 
Broads, why not help to preserve these beautiful 
waterways. Join the Broads Society and play your part in 
determining Broadlands future. Further details from: - 
The Hon. Membership Secretary The Broads Society, 
"Icknield " Hilly Plantation, Thorpe St. Andrew, 
Norwich, NOR 85S. 

SPONSORS required for exciting scientific 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. 
Educational. You can be involved. Write to: NAS 
Secretary, The Manse, Back Lane, Wymondham, Nor- 
folk. 
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THE O - EN DOOR TO QUALITY 
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 (ex. V.A.T.) in U.K. If under, add 15p handling charge. 

All communications to Dept. REC 1 

28 St Judas Rd, Englefield Green, Egham, Surrey TW20 OHB 
Phone: Egham 3603 Telex: 264475. Shop hours 9-5.30, 9.1 pm Sats. 
Northern Branch: 680 Burnage Lane, Burnage, Manchester 
,M19 INA. Phone: 10611 432.4845. Shop hours 9-5.30, 9-1 Sets. I '/:1 1.11 

144 pages 
Post paid 

40p 
inc. refund 

voucher 
worth 
40p 

NULLARD FERRITE CORES -- LA3 100 to 500 kHz, 
54p; LA5 30 to 100, kHz, 81p; LA7 10 kHz, 81p; 
LA13 for W.W. Oscilloscope, £1.50. 
SPECIAL OFFER - Metallised'Polyester Capacitors by Erie, Mullard, etc. Values include: .131/160V, 01/250V, 015/160V, -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. 
1N4148 SWITCHING DIODES, 10 for 30p; 50 for £1.25; 100 for £1.50; 1,000 for £12.50. 
TRANSISTORS - All branded 8C147, BC148, BC149, BC157, BC158. BC159, 6E194, BF195, 6E196, 6E197, 
8p each or 100 for £6.00. 

Please note all prices include UK Postage and 
appropriate VAT @ 8% or 12j% 

MAIL ORDER ONLY 
XER1 

EAST STREET BS HOP'S TTAWTON, DEVON 

OVER 2,000 ELECTRONIC COMPONENTS INA 

SIQ/1EWFREF 
100 PAGE CATALOGUE 

Please send me 
the 100 page 
Tandy catalogue 

NameI 

S' 

Address F, 

REC/6 
Tandy Corporation ( Branch UK). BAlon Road. c, 

Nationwide supermarket of sound! 
Lwedneabury. W AL llands WS10 7JN :1 

TAN 

Denco Coils, Tuning Gangs, TTL C'MOS, 
Quartz Crystal, Vero, DVM Chips, Clock 
Chips, LED's, LCD's Displays, Transformers, 
Boxes, Cases, Knobs and millions of R's and 
C's, Transistors and Diodes. Oh, I forgot , . . 

Audio IC's. 
It's all in our brand new illustrated 

catalogue. With every copy are 36p worth 
of vouchers absolutely FREE! 
Send 35p inc. Free p&p to: DEPT 6, CHROMASONIC ELECTRONICS 

56 Fortis Green Road, London, N10 3HN Telephone: 01-883 3705 

BINOCULAR MAGNIFIER 
flnumett 

eet memos 
- 

*2Wwft Hunt 

See close-up work 
with less eye 

strain. Lightweight 
adjustable headband. 

Powerful optically ground 
£9.95 lenses. Can be worn over 

normal glasses. Essential 
Industry. Home Workshop, Collecting, 
Modelling, Jewellery, Watchmakers. 
Any fine work. DE LUXE model with 
superior quality lens. PLUS hinged 
lens mount. 2x model £9.95 + 75p 
p. & p., 2'x model £10.50 + 75p p. & 
p., 3x model £10.95 + 75p p. & p. 

MICRDJET WELDER A TINY RAW UPIOà, . S,OOOi! 
`(.;_ wctosewns y- sctaEss 

INC. FLAME TIPS 

f16.95 

tS 

Precision 
tool using J. combination of butane 

and compressed oxygen or micronox. 
A pencil lead thin flame size, adjustable 
to 5,000°F. Cuts metals. welds, brazes 
and solders gold, silver. Ideal electric- 
ians, opticians, dentists, silversmiths, 
modelling, jewellery, clockmakers, elec- 
tronic and computer servicing. Up to 40 minutes use on fuel supplied. 
Replacement set of 2 micronox, 1 

butane cylinder. £1.65 extra inc. post. 
Our price £16.95 + 90p p. & p. 

JOHN DUDLEY & CO. LTD., Dept RCB, 301 Cricklewood Lane, London NW2. Tel: 01-458 5917Access accepted (Callers welcome) 

H.M. ELECTRONICS 
275a Fulwood Road, Broomhill 

SHEFFIELD S10 3BD Tel: 0742-669676 
BEC CABINETS (Book End Chassis) 

Standard Cabinet GB2 14" x 7" x 3" 061 14" x 6" x 2" GB3 14" e 9" x 4" 
GB1A 9" x 6" x 2" GB4 14" x 9" x 6" 

Send 1bp for wallet of leaflets. 
A beautifully designed modern cabinet with simulated black leatherette top (PVC bonded to metal) solid wooden end cheeks, with room at the back for Output Sockets etc, felt pads are fitted on bottom of cheeks for non -scratch. 

GOING DOWN? 
LISTEN to EXCITING 100-600KHz band with an L.F. CONVERTER. Includes 20dB gain antenna tuner and feeds 3.5-4MHz receiver. EASY to make, all parts, coils, printed circuit, case, etc., instructions, money back assurance. ONLY £8.80 inc. post. 
CAMBRIDGE KITS 45 (EMI Old School Lane, Milton, Cambridge 

ANUARY 1977 
383 



RADIO & ELECTRONICS CONSTRUCTOR 
Single Copies 

Price 35p each, postage 11 p 
Issue(s) required 

Annual Subscription 
Price £5.00, post free, commence with issue 

Bound Volumes: 
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 
Vol. 29. August 1975 to July 1976 Price £3.10, post & pkg 75p 

CORDEX SELF -BINDERS 
With title, 'RADIO & ELECTRONICS CONSTRUCTOR' on spine, 

maroon only Price £1.20, post & pkg 30p 
With no title on spine, maroon Price £1.15, post & pkg 30p 
With no title on spine, green Price £1.15, post & pkg 30p 

Prices include V.A.T. 

DATA BOOK SERIES 
DB5 TV Fault Finding, 132 pages 
DB6 Radio Amateur Operator's Handbook, 

88 pages 
DB17 Understanding Television, 504 pages 
DB19 Simple Short Wave Receivers 

140 pages 

Price 90p, P, & P. 18p 

Price 70p, P. & P. 12p 
Price £3.25, P. & P. 60p 
Price 80p, P. & P. 18p 

STRIP -FIX PLASTIC PANEL SIGNS 
Set 3: Wording - White Price 75p, P. & P. 7p 
Set 4: Wording - Black Pri:_, : 50p, P. & P. 7p 
Set 5: Dials Price 38p, P. & P. 7p 

Prices include V.A.T. on Panel Signs 

I enclose Postal Order/Cheque for in payment for 

NAME 

ADDRESS 

(BLOCK LETTERS PLEASE) 

Postal Orders should be crossed and made payable to Data Publications Ltd. 
Overseas customers please pay by International Money Order. 
All publications are obtainable through your local bookseller 
Data Publications Ltd., 57 !Weida Vale, London W9 1SN 

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS 
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