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Special Features: 
Creative Recording • Into Radio 

Special Projects: 
HE Dual Engine Driver 
Digital Capacitance Meter 
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HO W TO SUCCEED IN THE ELECTRONICS BUSINESS: 

Available at your 
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( ONCISE PARTS CATA LOGI 
Amur INTEP NATION U. 

CMOS 
4000 
4001 
4002 
4007 
nom 
400134E 
4009 
4010 
40114E 
4011 
4013 
4015 
4016 
4017 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
4035 
4040 
4042 
4043 
40434E 
4044 
4046 
4047 
4049 
4050 
4051 
4052 
4053 
4054 
4055 
4056 
4059 
4060 
4063 
4066 
4067 
4068 
4069AF 
4070 
4071 
4072 
4073 
4075 
4076 

0.11 
0.11 
0.12 
0.13 
0.50 
080 
0.25 
0.30 
0.24 
0.11 
0.25 
0.50 
0.22 
040 
0.313 
0.55 
0 55 
0.55 
0.15 
0.33 
0 15 
1 05 
0.26 
0.50 
0.55 
035 
0.67 
0.50 
0.50 
0 50 
0 93 
0.60 
0.60 
0 68 
0 24 
0.24 
0 55 
0.55 
0.55 
1 30 
1 30 
1 30 
5 75 
0 75 
1 15 
3n 
30 
16 
14 
16 
16 
16 
16 
16 
55 

4078 
4081 
4082 
4093 
4099 
4175 
4502 
4503 
4506 
4507 
4508 
4510 
4511 
4512 
4514 
4515 
4516 
4518 
4520 
4521 
4522 
4527 
4528 
4529 
4531 
4532 
4534 
4536 
4538 
4539 
4543 
4549 
4553 
4554 
4555 
4556 
4557 
4558 
4559 
4560 
4561 
4562 
4566 
45E8 
4569 
4572 
4580 
4581 
4582 
4583 
4584 
45/15 
4702 
4703 
4704 

0 18 
0 18 
0 12 
0 18 
0.30 
0.80 
080 
0.60 
0.50 
0.70 
0.37 
1.50 
0.55 
0.45 
0.55 
1.25 
1.25 
0.60 
0.35 
0.60 
1.30 
089 
0 BO 
0 65 
070 
065 
0 BO 
4 00 
250 
0 85 
080 
0 110 
350 
2.70 
1.20 
0.35 
0.40 
230 
0.60 
3.50 
2.50 
1 00 
2.50 
1.20 
1 45 
1.70 
0.22 
3.25 
1 40 
0.70 
0 80 
027 
045 
450 
448 
4 24 

4705  4 24 
4706  450 
4720  400 
4723  095 
4724  0 95 
4725  224 
40014  054 
40085  099 
40098  054 
40106  069 
40160  105 
40161  1.05 
40162  1.05 
40163  1.05 
40174  1.05 
40175  1.08 
40192  1.08 
40193  1.08 
40194  1.08 
40195  1.08 

TTL  N 
7400N 
740 119 
740219 
7403N 
740419 
7405N 
740619 
740719 
74 0419 
740919 
741019 
741119 
7412N 
741319 
7414N 
741619 
741719 
742019 
742119 
7423N 
7425N 
742619 
742719 
743019 
743219 
743719 
743819 
744019 
744119 
744219 
744319 
744419 
744519 
744619 

0 10 
0 10 
020 
0 11 
0 12 
0 12 
022 
022 
0 15 
0 15 
0 12 
0 18 
0 19 
0 27 
0 51 
0 27 
0 27 
0 13 
028 
022 
022 
022 
022 
0 12 
0 23 
022 
022 
0 14 
054 
0 42 
062 
062 
062 
062 

INVEST 60p AND M AKE 
£2.40 net profit 

Buy Ambit's new concise component catalogue and get £1 
vouchers. Use them for a £1 discount per £10 spent. But even 
without this, you will still find WR&E offers the low prices, 
fast service and technical support facility second to none. 

Here are some examples from the current issue: 

I.C. SOCKETS 

A rang* of high quality, low cost, 
low profile DI L sockets ideally suited 
for both the OEM and hobbyist. All 
types feature double sided phosphor 
bronze contacts, tin-plated for low 
contact resistance. 

8 x 0.3" 
14 x 0.3" 
16 x 0.3" 
18 x 0.3" 
20 x 0.3" 
20 x 0.4" 

12p 
13p 
13p 
18p 
19p 
19p 

22 x 0.3" 
22 x 0.4" 
24 x 0.6" 
28 x 0.6" 
40 x 0.6" 
42 x 0.6" 

20p 
20p 
22p 
25p 
35p 
38p 

VOLTAGE REGULATORS 

78XX 1 A TO-220 pos  0.58 
79X X1 A TO-220 neg  0.60 
78G 14 TO 220 adj pos  1.10 
78G lA TO-3 adj pos  3.95 
78H5A TO-3 5v pos  4.25 
78H54 TO-3 12v pos  5.45 
78HG5A TO-3 adj pos  7.45 
79HG5A TO-3 adj neg  7.45 
LM317.5A adj pos  1.30 
LM337.5A adj nag  1.75 
785401.5A adj pos sw rag 1.20 

BC237 
BC238 
ZTX238 
BC239 
BC307 
BC308 
BC309 
BC413 
BC414 
EIC415 
BC416 
BC546 

XTALS 

1MH: 
3.2768MHz 
4MHz 
4.194MHz 
4.43MHz 
5MHz 
6.5536MHz 
7MHz 
8MHz 
9MHz 
10MH: 
11 MHz 

DISCRETES  BC556  12p 
8p  BC550  12p  2SK 168  35p 
Elp  13C560  12p  J310  69p 
9p  BC539  22p  J176  65p 
8,  BC640  23p  40823  65p 

13p  25C17754  22p  3SK45  49p 
8p  2SA872A  18p  3SK51  54p 
8p  250666A  30p  3SK50  58p 
10p  25136464  30p  3SK88  99p 
11p  2513668A  30p  MEM680  75p 
10p  2586484  40p  BF960  99p 
11p  13E256  38p  BF961  70p 
12p  2SK55  28p  13 F963  9914 

3.00 
2.00 
1.70 
1.70 
1.25 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

Prices shown exclude VAT. Portage 
50p per order (UK). ACCESS/ 
BARCLAYCARD may be used with 
written or telephone orders • official 
MA details on application, and a 
special prize for those who read our 
ads carefully - a free 4 or 8MHz 
crystal with every CPU IC you 
buy  jJst clip out this paragraph and 
attach it to your order. E&OE. 

7447N 
744819 
7450 
7451N 
745319 
745419 
746019 
7470N 
7472N 
747319 
7474N 
747519 
7476N 
74 4019 
7481N 
748219 
7485N 
7486N 
7489N 
749084 
749119 
749219 
749319 
749419 
749619 
7496N 
749719 
74100 
74104 
74105 
74107 
7410919 
7411019 
7411119 
7411219 
7411619 
7411819 
7411919 
7412019 
7412119 
7412219 
7412319 
7412519 
7412619 
7412819 
74132N 
74136N 
7414119 
7414219 
7414319 
7414484 
7414584 
74147N 
74148N 
741 5019 
7415IN 

0 62 
056 
0 14 
0 14 
0 14 
0 14 
0 14 
028 
0 27 
028 
028 
0 35 
030 
026 
0.20 
0 75 
0 75 
0 24 
105 
030 
055 
0 35 
0 35 
0 70 
060 
0 45 
1 40 
1 10 
062 
062 
026 
0 35 
054 
068 
1 70 
1 98 
085 
1 20 
095 
034 
034 
0 40 
040 
040 
065 
050 
065 
0 45 
1 85 
250 
250 
0 75 
1 50 
1 09 
079 

74153N 
74154N 
7415519 
7415619 
74157N 
7415919 
7416019 
7416119 
7416219 
74163N 
7416419 
7416519 
7416619 
7416119 
74170N 
74173N 
7417419 
74175N 
7417619 
74177N 
1417819 
7417919 
7418oN 
74181N 
74182N 
74184N 
74185N 
7418819 
74190N 
7419119 
7419219 
7419319 
741 9419 
7419519 
7419619 
74197N 
7419619 
7419919 
74221N 
7424619 
7424719 
74248N 
7424919 
7425119 
7426519 
7421319 
7427819 
7427919 
7429319 
74284N 
7428819 
74290N 
74293N 
7429719 
7429819 
7  N 

055 
055 
055 
056 
055 
190 
055 
055 
055 
055 
055 
055 
070 
1 25 
1 25 
1 10 
075 
075 
0 75 
075 
090 
1 35 
0 75 
1 22 
0 70 
I 20 
I 20 
300 
056 
055 
055 
055 
055 
055 
055 
055 
085 
100 
I 00 
1 50 
1 51 
I 89 
0 11 
1 05 
066 
2 67 
249 
089 
1 30 
350 
350 
I 00 
I 05 
236 
85 

7436619  085 
7436719  085 
7436819  085 
7439019  1 85 
7439319  1 85 
7449019  I 85 

74LSN 
741500N 0.10 
741501N 0.10 
741502N 0.11 
741503N  0.11 
741504N 0.14 
741505N  0.13 
74LSO8N  0.12 
741509N  0.12 
741.610N  0.12 
741511N  0.12 
741512N  0.12 
741513N  020 
741514N  030 
741515N  012 
741520N  0.12 
741521N  0.12 
741522N  0.12 
741526N  0.14 
741527N  0.12 
741528N  0.15 
741530N  012 
741532N  0.12 
7415331%  0.15 
741537N  0.15 
741538N  0.14 
741540N 0 13 
741.542N  0.30 
741547N 0.35 
74154819 0.45 
741549N 0.55, 
741551N 0.13 
741554N 0.14 
741555N 0.14 
741573N 0.21 
741574N 0.16 
741575N 0.22 
741576N 0.20 
741578N 0.19 
741583N (140 
741585N  0.60 
741586N 0.14 
741S9019 0 32 
741591N 0.28 
741592N  0.31 
741593N  0.31 
741595N  040 
741596N  20 
7415107N 025 

7415109N 
7415112N 
7451113N 
7415114N 
741.5122N 
7415123N 
7415124N 
7415125N 
7415126N 
7415132N 
7415133N 
7415136N 
7415138N 
7415139N 
7415145N 
741.5151N 
7415153N 
7415154N 
741515519 
7415156N 
741$15'N 
7415158N 
7415160N 
7415161N 
7415'62N 
7415163N 
7415164N 
7415165N 
7415166N 
7415168N 
74151E19N 
7415170N 
7415173N 
7415174N 
7415175N 
7415181N 
74151 6319 
7415189N 
7415190N 
7415191N 
741519219 
7415 193N 
7415194N 
7415195N 
7415196N 
7415197N 
7415200N 
7415202N 
7415221N 
7415240N 
7415241N 
7415242N 
7415243N 
7415244N 
7415245N 
7415247N 

0 20 
0.20 
0.20 
0.19 
0.35 
0.35 
1.80 
0.24 
0.24 
0.42 
0.24 
0.20 
0.30 
0.30 
1 20 
0.30 
0.27 
0.99 
0.35 
037 
0.30 
0.30 
0.37 
0.37 
0.37 
0.37 
0.40 
0.80 
080 
0.70 
085 
0.90 
0.60 
040 
040 
1.05 
1 75 
1 28 
6.45 
0.45 
045 
042 
0.35 
0.35 
055 
0.60 
3.40 
3 45 
0.50 
0.80 
080 
a 70 
0.70 
0.60 
0 BO 
1 35 

7415248N 
741.5249N 
7415251N 
7415253N 
7415257N 
7415258N 
7415259N 
7415260N 
7415266N 
7415273N 
7415275N 
7415279N 
7415280N 
7415283N 
7415290N 
7415293N 
741.5295N 
7415298N 
7415365N 
7415366N 
7415367N 
741.5368N 
7415373N 
741_5374N 
7415375N 
7415377N 
7415378N 
7415379N 
7415384N 
741.53135N 
7415386N 
7415390N 
741_5393N 
7415395N 
741.5396N 
7415398N 
7415399N 
7415445N 
7415447N 
741.5490N 
74156133N 
741566919 
7415670N 

RAM 
2102 
2112 
2114 2 
4027 
4116 2 
4116 3 
4864P 
6116P 3 
6116P 4 
8264 

1 35 
1 35 
0.35 
0.35 
0.40 
0.37 
010 
0.50 
0.22 
0.70 
3.20 
035 
2.50 
0.47 
0.50 
040 
1 50 
0.76 
0.32 
0.34 
032 
035 
0.70 
0.70 
040 
0.85 
0.65 
0.60 
2.50 
2.05 
029 
068 
0 61 
2 10 
1 99 
2 75 
230 
I 40 
1 95 
I 10 
1 05 
1 05 
1 70 

1 70 
340 
1 49 
578 
1 59 
1 49 
12 50 
900 
11 25 
12 50 

74CXX 
74001 
74002 
74C04 
74008 
74010 
74014 
74C20 
74030 
74C32 
74C42 
74048 
74C73 
74074 
74076 
74083 
74085 
74086 
74C89 
74090 
74C93 
74095 
74C107 
740151 
740154 
74C157 
740160 
740161 
740162 
740163 
740164 
740165 
740173 
74C174 
740175 
740192 
740193 
740195 
740200 
740221 
740901 
740902 
740903 
740904 
740905 
740906 
740907 
740908 
740909 
740910 
740914 
740918 
740925 
740926 
740927 

0.20 
020 
020 
0.20 
020 
055 
020 
020 
020 
080 
103 
050 
050 
0.48 
098 
098 
026 
268 
080 
080 
094 
048 
1 52 
226 
152 
080 
083 
080 
080 
080 
084 
0 72 
0 72 
0 72' 
0 80 
083 
083 
452 
106 
038 
038 
038 
038 
564 
038 
038 
084 
1 52 
362 
086 
098 
432 
432 
432 

Processors 
8080 series 
80130AFC ,2 f7 30 
e212  2.30 
6214  3.50 
8216  1.95 
e224  3.50 
8251  6.21 
6255  5.40 

6800/6809 
6800P  12 90 
68400  425 
83800  485 
6832 
6909 
6810 
68410 
68810 
6820 
6821 
6842 I 
681321 
6840 
68440 
68640 
6850 
68650 
6852 
68452 
68852 
68488 

350 
03 75 
1 25 
1 85 
204 
I 95 
1 25 
2 10 
225 
4 25 
4 55 
465 
1 50 
213 
295 
2 75 
295 
5 25 

Z80 series 
2804  13.75 
280AORT  750 
Z1904P10  3.50 
Z1304510 1 11 00 
2804510 2 11 00 
Z/304510 9 9.95 
2130CTC  4 (X) 
280ACTC  450 
28001  65 00 

PROM 
2708  200 
2716  03 00 
2532  OA 
2732  14 00 

AMBIT international 
TELEPHONE (STD 0217) 230909  TEL X 995194 AMBIT G POSTDODE CM14 4SG 

200 north Seruice Road, Brentwood, Essen 



APRIL 1982 
Vol 4 No 4 

PROJECTS 
* DUAL ENGINE DRIVER   11 
Two controllers, with simulated inertia. 
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Beginners' 
luck 

0 4 • * 0 

.. 0 % 0FF 
i_ selected kit 
for first-6m s 
builders e 

Shortwave 
Listener's 
Receiver 

With Heathkit, you're all set for a 
great deal. And not just big savings. 

Whichever kit you choose, you'll find it easy to build. 
Simple, but detailed instructions take you through every 
stage. Everything is included. Even the solder you need 
Digital Clock  is there. 

Follow the steps and 
you'll end up with a hand-
crafted, well-designed 
piece of equip-
ment. One 
you'll be proud 

of. Because you built it yourself. 
There are 10 great kits to start you off. An 

interesting choice of a digital clock to a metal 
locator, including a short wave listener's 
receiver, windspeed and direction 
indicator, digital readout electronic 
scale and five more useful kits. 

All at 30% off to first-timers. 
Send for your catalogue right now 

for a start. 

To Heath Electronics 
(UK) Limited, Dept (HE4), 
Bristol Road, Gloucester GL2 6EE 

HF.4 

•d 

Metal 
Locator 

Windspeed and Direction 
Indicator 

To start me off, please send me 
a copy of the HeathIcit catalogue. 
I enclose 28p in stamps. 

Address 

Name 

to i al 

rEAjT--  You build on our e rience 

HEATHIT 

HE PROJECT KITS 
Make us your No. 1 SUPPLIER OF KITS and COMPONENTS for H.E. Projects. We 
supply carefully selected sets of parts to enable you to contruct H.E. projects. Kits 
include ALL the electronics and hardware needed. Printed circuit boards (fully etched, 
drilled and roller tinned) or Veroboard are, of course, included as specified in the original 
article, we even include nuts, screws and I.C. sockets. PRICES INCLUDE CASES unless 
otherwise stated.  BATTERIES  ARE  NOT  INCLUDED.  COMPONENT  SHEET 
INCLUDED. If you do not have the issue of H.E. which includes the project - you will 
need to order the instruction reprint at an extra 45p each. 

Reprints available separately 45p each + p. Et p. 40p. 

NOISELESS FUZZBOX Feb 82 £9.77 
SOUND SWITCH Feb 82 £8.31 
UNIVERSAL RELAY DRIVER Feb 82 
£6.94 less case 
MASTHEAD AMPLIFIER Feb 82 £13.74 
DRUM SYNTHESIZER Dec 81. Full kit 
£21.17 
GUITAR  HEADPHONE  AMPLIFIER 
Dec 81 £3.48 
IN CAR CASSETTE POWER SUPPLY 
Dec 81 £.46 

SOUND TORCH Nov 81 less torch --
mic £17.98 
SCRATCH FILTER Nov 81 Mono £5.44 
Stereo £.40 
LED VU METER Nov 81 less case £4.56 
SIMPLE STYLUS ORGAN Nov 81 less 
case £4.74 
METRONOME Nov 81 £11.88 
TELEPHONE BELL REPEATER Oct 81 
£12.78, 
Med Linking wire extra 14p metre 
COMBINATION  LOCK Oct 81  less 
solenoid £17.43 
DOOR INTERCOM Oct 81 bass solenoid) 
£22.39 
BABY ALARM Oct 81 £5.14, Fig 8 linking 
wire 7p metre 
TOUCH LAMP Oct 81. Bulb version 
£.51, Mains version £7.16 
'DIANA' METAL LOCATOR Sept 81 
£3.86 
LOWER PO WER PILOT LIGHT Sept 81, 
less case £1.30 
LIGHT/WATER ALARM Sept 81 £6.98 
CAR LIGHTS DELAY Sept 81 £5.99 
PO WER PACK Sept 81 £.58 
SHORT WAVE RADIO Sept 81 E23.98, 
Extra: Mono headphones £2.98 
REACTION TESTER GAME Sept 81 
£11.96 
THERMOMETER Aug 81 £12.98 
R.P.M. METER Aug 81, inc. probe 
£15.48 
VARIABLE BENCH POWER SUPPLY 
Aug 81 £2s.36 
ULTRASOUND  BURGLAR  ALARM 
July 81 £18.87 
ELECTRONIC DOOR BUZZER July 81 
£.85 
ELECTRONIC METRONOME July 81 
£4.67 
TREBLE BOOST July 81 £10.93 
CONTINUITY CHECKER June 81 £5.34 
ENVELOPE  GENERATOR  June  81 
£16.86 
AUDIO MIXER June 81 £4.99 
VOICE OPERATED SWITCH May 81 
£10.37, Microphone extra £.41 
SUPER SIREN April 81 £19.52 
DOORBELL MONITOR Apol 81 £3.28 
WINDSCREEN WASHER ALARM aprIl 
81 £5.78 
PUBLIC ADDRESS AMPLIFIER March 
81 £18.21. Extras  horn speakers £.83 
each, PA MIC £4.40 
FUZZBOX March 81 £10.35 
WINDSCREEN WIPER CONTROLLER 
March 81 £7.67 
STEAM LOCO WHISTLE March 81 
£12.26 
PHOTOGRAPHIC  TIMER  March 81 
£3.28 

HEARTBEAT MONITOR Feb 81 E23.40 
HIGH IMPEDANCE VOLTMETER Feb 
81 £9.87 

AUDIO SIGNAL GENERATOR Feb 81 
£18.93 

TWO-TONE TRAIN HORN Feb 81 £5.24 
less case 
MEDIUM WAVE RADIO Feb 81 £7.67 

LADDER OF LIGHT (Sound into Light) 
Jan 81 £32.97 

BENCH AMP Jan 81 £10.10 

NICARD CHARGER Jan 81 £7.67 

CHUFFER Jan 81, less case £7.04 
MODEL TRAIN CONTROLLER Dec 80 
£8.54 
BATTERY CHARGE MONITOR Dec 93 
£5.40 
STEREO POWER METER Dec 80 E20.87 
MEMORY BANK - MINI SYNTH-
ESISER Nov Et Dec 80 £28.40 
PARTY GRENADE Nov 81 £8.77 
TRANSISTOR TESTER Nov 81 £8.12 inc 
tent leads 
DOUBLE DICE Nov 80 £15.18 
GUITAR PRE-AMP Nov 80 £5.65 case 
ldiecast I extra £2.29 
NOBELL DOORBELL Oct 80 £11.98 
INTRUDER ALARM Oct 80 £19.61 
FREEZER ALARM Oct 80 with probe 
£0.36 
TUG O'WAR Oct 80 £17.57 
KITCHEN TIMER Oct 90 (2% resistors) 
£7.98 
MICROMIX Sept 80 £8.60 
AUTO PROBE Sept 80 £.99 less case 
TOUCH SWITCH Sept 80 f2.57 less case 
Et contacts 
GUITAR PHASER Sept 80 £15.22 
BENCH PSU Sept 80 f31.35 
OP AMP CHECKER Aug 80 £4.99 
MOVEMENT ALARM Aug 80 £6.24 
PASS THE LOOP GAME Aug 80 £15.37 
SOUND OPERATED FLASH TRIGGER 
Juli, 80 no skt £4.99 
FOG HORN June 80 £.21 
SPEED CONTROLLER FOR R/C April 80 
£16.41 I less case I 
DIGITAL FREQUENCY METER April 80 
£39.35 
ELECTRONIC IGNITION ICD) April 80 
£23.95 
DIGI-DICE Jan 80 £10.97 
BARGRAPH CAR VOLTMETER Dec 79 
£7.98 less case 
RING MODULATOR Dec 79 £14.24 
GUITAR TUNER Nov 79 £11.99 
ANALOGUE FREQUENCY METER Oct 
79 £6.98 
MULTI-OPTION SIREN Oct 79 £17.57 
HOME SECURITY UNIT Aug 79 £31.41 
less Even 
SIREN £5.59 less case 
LED TACHOMETER Aug 79 £19.77 
INJECTOR TRACER Aug 79 £.77 
LINEAR SCALE OHMMETER July 79 
£17.57 
GSA MONITOR June 79 £10.59 
WHITE NOISE EFFECTS UNIT May 
79 E19.51 
CAR ALARM Feb 79 £12.07 
PUSH-BUTTON DICE Dec 78 £7.67 

ME MORY BANK SYNTHESISER 
Miniature synthesiser featuring vibrato, envelope, tempo, volume + pitch controls, 
Uses 24 push button switches in a keyboard style layout. Based on a custom 
designed L.c. The accessible memory stores a 32 beat length sequence of notes 
spaces. Can be played 'live'. Fitted with an internal speaker Jack socket allows the 
use of an external amplifier if wished. 

Memory Bank Synthesizer £28.40 
Complete kit inc case, pcb's etc Reprint extra 45p. Available separately 05p 
. 45p pEtP• 

GUITAR TUNER - SUPERB PROJECT 
featured by us in E T I Jan 82  Highly stable internal reference  Microprocessor generates 
fundamental frequencies Special synchronous rectifier circuit compares input frequency from guitar 
pick up or microphone with internally generated pitch Beat frequency is displayed on a large moving 
coil panel mete. Also operates with bass guitar, or acoustic instruments era  1111 Peda nCe 

nI1Cr Oran One 

Complete kit includes smart case, pcbs, panel meter etc. £28.98. Reprint extra 
45p. Available separately 45p + 45p pErP 
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TOOLS  CASES 
TRANSISTORS  RESISTORS  KITS 
CAPACITORS  HARD WARE MAGENTA ELECTRONICS LTD. 

SOLDERING/TOOLS 
ANTEX XS SOLDERING IRON 25 W 
£.48 
SOLDERING IRON STAND £2.40 
SPARE BITS Small, standard, large For 
XS and X25 irons 66p each 
SOLDER Handy size 99p 
SOLDER CARTON £1 .84 
DESOLDER BRAID 69p 
DESOLDER PU MP £6.48 
HEAT SINK TWEEZERS 29p 
HO W TO SOLDER LEAFLET 12p 
LO W COST CUTTERS £1.69 
LO W COST LONG NOSE PLIERS £1.68 
WIRE STRIPPERS + CUTTERS £2.69 
HELPING HANDS JIG £6.30 
Heavy base. Six ball and socket joints allow 
infinite variation of clips through 360°. 
Has  2Yr"  diameter  (2.5x)  magnifier 
attached. Used and recommended by our 
staff. 
VERO SPOT FACE CUTTER £1.49 
PIN INSERTION TOOL £.98 
VEROPINS (pk of 100) 0.1" 52p 
MULTI METER TYPE 1 II ,000 opv) £6.66 
MULTI METER TYPE 2. 20,000 opv wr.h 
transistor tester. Very good £14.75 
ILLU MINATED M AGNIFIERS Small 2: 

dia (5 i magi £1.14 Large 3 did 14 • 
magl £2.40 
DENTISTS  INSPECTION  MIRROR 
£2.86 
JE WELLERS EYEGLASS £1.60 
HAND M AGNIFIER 3- £2.99 
CAST IRON VICE (Small) £2.98 
SCRE WDRIVER SET £1.98 
POCKET TOOL SET £3.98 
PCB ETCHING KIT £4.98 
PLASTIC TWEEZERS 69p 

10• 4 * * * * * * * * * * * * * 

USEFUL M UG PIECES 
'A CROCODILE CLIP TEST LEAD SET 10 
4/ leads with 20 clips Alp 
j y, RESISTOR  COLOIU'mR CODE 

"95 CALCULATOR 21 • C0NiNLCTING WI  RE PACK 15 0 5 va  
• c.1.   

LETTE 7/NUMBERSTRANSFERS  IS 
'OE SCREWS/NUTS/WA SR RS 
ig M2 PoCk fl .80. M3 E1.75 ESM11.54.* °  

• INSULATINGSOL E  PIL LARS33 ffie .. SMC4R6E4Vi/ S E T 

"sTPICK ON FEET 23974 

el• 321341*******41.11141-

• 

BOOKS . BOOKS . BOOKS 

1 BASIC ELECTRONICS. A super book covering theory and practice Educational. Suits age 14 j upwards Lots of useful projects  circuits built on an 5 Dec breadboard Approx 525 Pages  E7.06 

I 

CONSTRUCTORS PROJECT BOOKS 
Specially written for the electronics enthusiast. Each book contains a collection of constructional 
protects, giving details of how the circuit works. how it may be auembled and how setting up and 
trouble shooting problems may be solved. The colour in the teat helps to clarify details Delightful 
books 
ELECTRONIC GAME PROJECTS Royer  £.36 
ELECTRONIC PROJECTS FOR HOME SECURITY Bishop  £.35 
ELECTRONIC PROJECTS IN AUDIO Pentold  £.36 
ELECTRONIC PROJECTS IN MUSIC Flird  £.36 
ELECTRONIC PROJECTS IN PHOTOGRAPHY Penfold  £35 
ELECTRONIC PROJECTS IN THE CAR George  £.36 
PROJECTS IN AMATEUR RADIO Er SNORT WAVE USTENING Ra w  £.36 
PROJECTS IN RADIO AND ELECTRONICS Sinclair  £.35 
ELECTRONIC PROJECTS IN HOBBIES Foyer  £.36 
ELECTRONIC PROJECTS IN THE HOME Bishop  £.36 
ELECTRONIC PROJECTS IN THE WORKSHOP Fanfold  £.36 
ELECTRONIC TEST EQUIPMENT PROJECTS Ainslie  £36 
MORE ELECTRONIC PROJECTS IN THE HOME Flied  £3.36 
110 ELECTRONIC ALARM PROJECTS FOR THE HOME CONSTRUCTOR Marston  £5.36 

PAPERMAC - ELECTRONIC PROJECTS 
A eel of 4 books fin, of interesting circuits and prOKKIs. 

is* SPECIAL OFFER PRICES II* 
COST EFFECTIVE PROJECTS AROUND THE HOME Watson  ton 
PROJECTS FOR THE CAR AND GARAGE Bishop  £.26 
AUDIO CIRCUITS AND PROJECTS Bishop  £3.96 
TEST GEAR PROJECTS Dixon.   £3.25 

SEMICONDUCTOR DATA BOOK Newnes .  £.90 
MICROPROCESSORS FOR HOBBYISTS R Coles  P M 
PRACTICAL ELECTRONIC PROJECT BUILDING ANEMIA and Colwell  £.36 

POPULAR LOW COST BOOKS 
Most titles new this month 

RADIO CONTROL FOR BEGINNERS Raver    11 75 
INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE. 320 pages. Michell,  £2 96 
ELECTRONIC PROJECTS FOR CARS AND BOATS Penfold  11 95 
SECOND BOOK OF CMOS IC PROJECTS Fanfold  11 50 
50 SIMPLE L.E.D. CIRCUITS BOOK 2  £1 35 
ELECTRONIC MUSIC PROJECTS Pentokl  £1.75 
ELECTRONIC HOUSEHOLD PROJECTS (MON!  £1.75 
ELECTRONIC GAMES Penfokl   £1.75 
PROJECTS IN OPTO ELECTRONICS Penfok1  El 25 
62 PROJECTS USING IC 741 Reamer   96p 
ELECTRONIC TIMER PROJECTS Re m  •   El .96 
POWER SUPPLY PROJECTS Fanfold  11.75 
REMOTE CONTROL PROJECTS Bishop  £1.95 
SOLID STATE SHORT WAVE RECEIVERS FOR BEGINNERS Penfotd  (1 25 
BEGINNERS GUIDE TO BUILDING ELECTRONIC PROJECTS Penfold  £I.50 
MODEL RAILWAY PROJECTS Penf old   El 55 
IC 565 PROJECTS Parr  £1.95 
ELECTRONIC MUSIC AND CREATIVE TAPE RECORDING Berry  El 76 

M ORE KITS AN D 

CO MP ONEN TS 
IN OUR LISTS 

FREE PRICE LIST 
Price list included with 

,ders or send sae (9 1 4) 
CONTAINS LOTS MORE 

KITS, PCBs 6 
COMPONENTS 

I I ,,strations, product  . ., r,ptions, circuits all in. 
Judea. Up-to-date colt  st enclosed. All products 
are SIOCk lines for fast del,ery. 
Send 70p in stamps or add 70p to order. 

1982 ELECTR ONICS 

CATALOGUE 

MORE H.E. KITS PLUS E.E. and E.T.I. PROJECT. 
KITS IN THE PRICE LIST. 

C1060 
TIC46 
0A47 
0A90 
0A202 
WOOS 
WOE 
Z5J 
1744001 
1514005 
1744148 
165404 
IN5408 
13E244 
MPF102 
TIS88A 
VN67AF 
2\3819 
263820 

SSp 
dip 
lip 
fp 
16p 
33p 
47p 

£2 92 
sip 
Ilp 
Sp 
18p 
19p 
lip 
Sip 
sip 

Ei 21 
28p 
789 

2N5457 
2N5414 
4067:: 
AC118 
AC141 
AC142 
AC176 
BC182 
BC182L 
BCH] 
BC1E4 
13C1S4L 
BC2I 2 
BC2I2L 
BC213 
EIC214 
BC214L 
B0131 
BFY50 

51p 
up 
118p 
2fp 
389 
399 
379 
lip 
lip 
lip 
11p 
11p 
11p 
11p 
11p 
11p 
11 p 
48P 
25p 

BFY51 
BFY52 
BFX88 
BR Y39 
MPSA65 
RPY58A 
TIP31A 
TIP32A 
TIP33A 
TIP34 A 
TIP121 
TI P2955 
TIP3055 
TIS43 
TPSA13 
SN3053 
263055 
263702 
263704 

24p 
239 
329 
489 
39p 

LI 16 
52p 
1139 
54p 
99p 

£1 12 
69p 
69p 
38p 
35p 
2Sp 
Sip 
11p 
lip 

) W CARBON FILM RESISTORS 
EN SERIES. IR-10M    1Ip each 
MIN. HORIZ. PRESETS. 100R-4M7  129 each 
MIDGET POTS. LINEAR. 470R-4M7 37p each 
LOG. 4K7-2M3   lap each 
S WITCHED POTS. 4K7-1M LIN 759. LOG 769 

POLYESTER  (C NN  CAPACITORS.  NOV 
lOnF, 15nF; 22nF, 33nF; 47nF 7p each. 68nF, 
100nF 8p. 150nF, 220nF 129. 330nF 15n. 470nF top. 
683nF 211p, 10F 33p. 1 54,F 49p. 2 20F 11Sp. 

SUS MINIATURE AAAAA CERAMICS, 113V 
Values in pF; 22; 33; 4 7: 5 6; 68: 82; 10; IS; 
22, 33; 47 & 56pF 7p each. 68pF; 100pF 7p each. 
150pF; 220pF; 3.30pF lip each. 390pF, 470pF, 
ICK)OpF Sp each. 22000F ip each. 3300pF, 4700pF 
7p each. lOnF 13p. 100nF 22p. 47nF 14p. 

ELECTROLYTIC CAPACITORS 
AXIAL Leads: 10F/16V Ilp: 10F/63V, 1pF/100V 
12p, 2 20F/63V, 3 36F/63V, 4 7pF/Ii3V 12p; 100F/ 
16v 11p; 100F/25V, 10pF/63V 12p; 22mF/10V, 22 0/ 
25V 12p: 22 0/63V 16p; 33KFPIOV. 479F/25V 12p: 
47.F/40V 19p: 47gF/1113V 111p; 1000F/16V 12p: 
1030F/25V 15p; 1000F/40V Illp; 1000F/63V Zip. 
2200F/105. 19p; 220 0/25V 19p; 4700F/16V 21IP 
470pF/25V 311p: 4700F/40V 99p; ettOsFl16V 32p. 
10330F/10V 30p. 1000gF/16V 33p: 1000gF/25V 48P. 
10000F/40V Sep: 1000/4/63V 75p; 22000F/10V 35p. 
22030F/25V 114p; 2200pF,63V £1 IS. 

INTEGRATED CIRCUITS 
4001  20p  LM3136N  92u 
4011  20p  LM387  £1 10 
4013  32p  LM389N  ft 10 
4017  Up  LM1830  £1 98 
4020  66p  LM3909  82p 
4024  60p  LM3914  £2.99 
4069  2Op  LM3915  C3 95 
4091  20p  MC3340  £2.15 
4093  399  NE570N  £4.98 
40174  £1.20  NE571N  £4 84 
4522  £125  0M335  C8.98 
555  25p  5676477  £2.59 
556  79p  T L064  £1 84 
701  UP  TL071  47p 
CA3130E  lip  7E082  74p 
CA3140E  52p  T L083  C1.52 
HAI388  £3.20  TL084  11 54 
ICL7611  Pp  TL430  96p 
ICM7556  Illp  U2370  Et 69 
LF351N  56P  U2675  £220 
,LF353N  99p  ULN2283  £1 57 
I LF365  £1.14  254414  95p 
11-F366  £1.16  2N419CE  £2.21 
•LM301A  38P  7400  22p 
ILM317K  £3.20  7447  ft 14 
I LM336  £1.16  7490  569 
' LM380N  Op  7495  80p 

OPTO 
BPX25    £2 24 
2N5777    60p 
ORPI2   99p 
TIL32  81p 
TIL78  74p 
LEDS WITH CLIPS 
3mm. Red 15p. Green 18P• Yelln 
269. 

5rnm. Red 16p. Green Up. 'Cello. 
29p. 

FLASHING LED  78p 
RECTANGULAR Red  24p 
MAINS PANEL. Neon ..  32p 

ZENER  DIODES.  400mVV 
BZY88, Range 2V7 to 33V  12p 
each. 

I.C. SOCKETS 
8 pin.... 16p  18 pm  22p 
14 p.n.. . 17p  24 pin.  . 45p 
16 pin  . lOp  28 pin . 45p 

SWITCHES 
MIN. TOGGLE spat Sep: spat 69p. dpat 711p. 
MIN. PUSH ON. 18p.  PUSH OFF. 229. 
FOOTS WITCH & ALT. ACTI N spco £1 35. 
dpco £1 88. 

ROTARY S WITCHES. 1p 12 way. 2p 5w, 3p 4w. 
40 3w   119p each 

12V 185R OPCO RELAY  ET N 

JACKSON 
300pF dilecon   £2 36 
560pF dilecon   Et 92 
C804 Vet. Copse; 10pF C2 28 
25pF £2 411. 50pF £2 48. 100pF 
£2 83. 150pF £3 48. 
'01' 365pF L3 45. '02' 365pF. E4 49 
'02' 208 + 176pF £3 98. 

SPEAKERS. Miniature_ 8 ohm   87p 
ft '5 ohm   Illp 
CRYSTAL EARPIECE  6Sp 
MONO HEADPHONES  ET 96 
TCLEPHONE PICK-UP COIL    72p 

MIN. BUZZERS. 6V. Up. 9V. £1 
12V 65-f. 
MAGENTIC EARPIECE    15p 
STEREO HEADPHONES.  £4 35 
F.M. AERIAL   49p 

VEROBOARD 0.1" COPPER STRIPS 
10 strips 24 holes  (1.20 per 5 
24 strips 37 holes  711p 
24 strips 50 holes .  89P 
36 strips )7 holes  89p 
35 strips 50 holes .  99p 
Terminal pins 0 1"  52p 100 

PP3 CLIPS 10p 
PPS CUPS lip 

EuROBREADBOARD  £5.20 
5 DEC BREADBOARD  £.911 
BIMBOARD 1 BREADBOARD  M S 
VER08 LOC BREADBOARD   t4.20 

PANEL METERS 
50uA. 100uA. IrnA 
IA, 25V 100uA 0 
1013uA;  5A  AU 
£495 each. State 

ADVENTURES WITH 
MICROELECTRONICS 

by Tom 

An easy to follow book suitable for all ages. Ideal for beginners. 
No soldering. Uses a Bi-nboard 1 breadboard, gives clear instruc-
tions with lots of pictures. 11 projects based on integrated circuits 
-includes dice, two-tone doorbell, electronic organ, MW/LW 
radio, reaction timer, etc. Component pack includes a Bimboard 1 
breadooard and all the components for the projects. 
Adventures with Microelectronics £2•55. Component pack £2944 
less battery. 

ADVENTURES WITH ELECTRONICS by Tom 
Duncan 

An easy to follow book suitable for all ages. Ideal for beginners. 
No soldering, uses an S-Dec breadboard. Gives clear instructions 
with lots of pictures. 16 projects-including three radios, siren, 
metronome, organ, intercom, timer, etc. Helps you learn about 
electronic components and how circuits work. Component pack 
includes an S-Dec breadboard and all the components for the 
projects. 
Adventures with Electronics £2•40. Component pack £17-911 less 
battery. 

MAGENTA gores you FAST DELIVERY OF QUALITY COMPONENTS & KITS. 
All products are stock lines and are new & full specification. We woe personal sarvice & 
quality products to all our customers-HAVE YOU TRIED UST 

MAGENTA ELECTRONICS LTD. 
HG23,  135 HUNTER ST.,  BURTON-ON-TRENT, STAFFS., 
DE14 2ST. 0283 65435. MON-FRI 9-5. MAIL ORDER ONLY. 
ADD 45p P&P TO ALL ORDERS. 
•  OFFICIAL ORDERS wkeeciiir. 

IRISH REPUBLIC 6 B.F.P.O. EUROPE: 
Deduct 10% from prices Shown Payment. 
must be in Sterling. 
ACCESS and BARCLAYCARD (VISA) 
ORDERS ACCEPTED BY PHONE OR 
POST. 
SAE ALL ENQUIRES. 
Normal despatch by return of post 

NW • ed. %IV, 
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NEW PRODUCTS for home electronics 
enthusiasts are sometimes thin on the 
ground. Every month brings a number of 
announcements concerning the release 
of new instruments, chips or other com-
ponents, but many are only of interest to 
specialists working in industry or institu-
tions. 

Specialist equipment does have its 
place, however. The ECR81 cassette 
recorder from Monolith Electronics is a 
good example. It is specially designed as 
a low-cost data storage medium for 
home computer systems, such as the 
Sinclair ZX81. 
The problems with using ordinary 

cassette recorders are well known to 
home computer operators; the level of 
the output signal from the computer is 
often so low that errors are introduced or 
the data lost altogether. Tape stretching 
can also cause loss of information, 
because the computer loses syn-
chronisation with the recorded signal. 
The ECR81 (top) has a number of 

features designed to overcome these 
commonplace difficulties. It has a high 
quality cassette mechanism with cer-
tified tape tension, torque, speed and 
head alignment, signal enhancement 
and shaping circuits for peak perfor-
mance, and a long-life head matched to 
TDK's "Super Avilyn" cassette tape. 
The output level control is preset to 
eliminate fiddly volume adjustments and 
a write-protect microswitch is fitted to 
prevent the accidental erasure of 
valuable tapes. 
The ECR81 is supplied for £47.50, 

including VAT, and comes fully tested 
and complete with mains lead, DIN con-
nector  and  certification tape.  All 
machines have their serial number and 
performance records (which are check-
ed against the certification tape) kept at 
the factory. For further information, con-
tact Monolith Electronics Co. Ltd., 5-7 
Church Street, Crewkerne, Somerset; 
Tel. 0460 74321. 

One of the most interesting new releases 
this month is a new range of PacTec 
cases from OK Machine Er Tool (UK) Ltd. 
The special feature of this series, the HP 
series, is a battery compartment for 
standard 9 V batteries. The HP-BAT-
9 V (middle) is typical; it has a removable 
battery hatch in the back panel and 
comes complete with battery clip and 
lead, as with the other cases in the 
series. 
All are constructed from ABS material 

for strength and durability and have a 
textured appearance. They are available 
in four standard colours (grey, tan, black 
and blue) and there are a number of 
useful options, including belt-clips, 
shoulder straps and wrist straps. Other 
options provide flame-proof material and 
electromagnetic/radio frequency 
shielding. 
The HP series cases are available from 

Watford Electronics or direct from OK 
Machine Et Tool (UK) Ltd., Dutton Lane, 
Eastleigh, Hants SO5 4AA, Tel. 0703 
610944. 

6  Hobby Electronics, April 1982 



One rather essential piece of equipment 
for the electronics workshop is a reliable 
DC power supply. It will soon repay its 
cost with savings on batteries! Telonic 
Berkeley UK Limited's new range of 
Kikusui PAB Series supplies (below, left) 
offer practical features and a wide range 
of output options but, best of all, they 
are attractively priced for the home elec-
tronics enthusiast. 
There are 17 models in the range, 

with outputs from 32 V at 0.5 A up to 
18 V at 5.5 A. The output voltage may 
be varied from zero up to the rated out-
put by the use of two variable controls, 
giving coarse and fine adjustment (some 
models have a 10-turn potentiometer). 
Output current is variable from 10% to 
100% of the rated value so that a unit 
may be operated as constant current 
source, as well as the usual regulated 
voltage supply. Output voltage and cur-
rent are displayed on separate meters 
and overload protection is by constant 
current transfer. 
Prices range from £59 to £138, ex-

cluding VAT, and interested readers 
should contact TeIonic Berkeley UK 
Limited at 2, Castle Hill Terrace, 
Maidenhead, Berks; Tel. 0628 73933. 

A new range of boxes, suited for more 
ambitious projects, have been released 
by Boss Industrial Mouldings Ltd. Their 
new BIM 2600 range of small and 
medium sized desk consoles (above) are 
intended for applications where meters, 
keyboards or switches are incorporated, 
with adequate space available on the 
side and rear panels for mains sockets 
and connectors. 
They range in size from  178 x 

210 mm to 483 x 261 mm with an 
overall height of 51 mm. The sloping 
front panel is designed to permit comfor-
table operation of panel-mounted con-
trols and to provide excellent display 
visibility. Construction is two-piece 
aluminium in standard colours (brown 
base and biege top panel) with the whole 
unit held together by screws running 
through base rubber feet into hank 
bushes. 
For price and availability contact Boss 

Industrial Mouldings Ltd., James Carter 
Road, Mildenhall, Suffolk IP28 7DE; Tel. 
0638 716101. 

Back in the dim, Dark Ages of Electronics 
lie, pre-1956 and the invention of the 
transistor), all electronic equipment used 
these funny, tubular-shaped things 
made of glass and metal; they were call-
ed valves (or tubes, as the Americans 
would have it). There is still considerable 
interest in much of this obsolete equip-
ment, either as collector's items (on the 
principle that anything antique will even-
tually be worth something) or as func-
tioning equipment (an old valve radio 
makes an excellent 'kitchen see). 
One of the main sources of informa-

tion on the subject is "The Antique 
Wireless Newsheet", published by The 
Vintage Wireless Company of 64 Broad 
Street, Staple Hill, Bristol BS16 5NL. 
The company deals in obsolete elec-
tronics of most kinds, including antique 
wireless, industrial electronics and old 
components such as valves and 
speakers. 
Their newsheet contains information 

on all these, plus lists of service data — 
circuits and manuals — and "complete 
equipment" for sale. Keen readers of our 
Famous Names series would also be in-
terested in the occasional feature on 
some of the less well-known pioneers of 
radio, such as T. Graham Farish (printed 
in Newsheet No. 75), who was one of 
the largest manufacturers of electronic 
components in the Golden Age of 
amateur radio, 1920-1933. 
Interested readers should contact the 

Vintage Wireless Company at the above 
address. 

New developments in consumer elec-
tronics — the gadgets that we buy for 
personal use — are sometimes quite 
rapid. No sooner had last month's article 
on the Sinclair pocket TV been printed, 
than the Sony Corp. of Japan announced 
their own small-screen TV system. What 
next? Watch this space! 
If Sinclair's past performance is any 

example, though, they will continue to 
beat the Japanese manufacturers at 
their own game — making and selling 
cheap but efficient products for the 
mass market (that's us, folks). 
Already plans are being made to com-

bine the flat-screen TV with Sinclair's 
existing computer technology, to 
develop a low cost integrated ter-
minal/digital phone/work station. This 
project, which is being undertaken in 
conjunction with ICI (Britain's one-and-
only mainframe computer giant) has 
been dubbed the "One Per Desk IT Work 
Station"; it is intended to operate as a 
peripheral to ICL's recently announced 
digital PABX system and, pending final 
agreement, production is scheduled to 
start in 1983. 

Sinclair's  "existing  computer 
technology" refers, naturally, to the 
amazing ZX81. With monthly produc-
tion running at 50,000 units lover 60% 
of which are for export), the ZX81 has 
achieved worldwide sales of more than 
250,000 computers. Sinclair now has 
. . more units installed than any other 

personal  computer  manufacturer 
worldwide . . ", and a good thing that 
is, too! 

NIT 

Meanwhile, the in-car entertainment in-
dustry continues to produce new and 
more powerful products for us to spend 
our money on. 
The latest from Blaupunkt include the 

Autoflex aerial range,  the Toronto 
"state of the art technology" radio/ 
cassette combination and the Blue 
Magic line of hi-fi speakers. 
The Autoflex (above) is described as a 

"new  breed"  of  car aerial.  It is 
miniaturized (non-telescopic) but pro-
vides the highest quality reception on 
both AM and FM. There are four varia-
tions available, for different mounting re-
quirements, but the basic aerial is the 
same in every case; it is only 45 cm long 
and consists of a two-direction copper 
coil wound about a slim glass fibre rod. It 
is specially designed to reduce wind 
noise and is virtually indestructible; a 
highly flexible section at the base en-
sures that it cannot be snapped off. The 
non-telescopic construction means that 
it can never seize-up — and of course it 
does not need cleaning, greasing or 
special maintainance. The Autoflex 
aerials are priced from £21 to £24, in-
cluding VAT. 
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MONITOR   
The Toronto (right) is the latest in high 
technology car radio/cassettes, with 
special operating features (such as 
microprocessor controlled tuning, digital 
display and fully electronic controls) 
designed for optimum performance and 
ease in use — and, therefore, safety. Un-
fortunately it is priced accordingly 
(£275 excluding VAT), but we can all 
dream. 
The Blue Magic  (below) series 

speakers, however, are much more 
accessible. They are designed for flush 
mounting in door panels or on the rear 
shelf and can cope with high power out-
puts up to 40 watts (music power). 
The line starts with the SL 1225, a 

single cone model rated for 25 W music 
power;  there are three dual-cone 
models, rated from 25 to 30 W and, 
finally, the top-of-the-line CL 1 340 triple 
cone model. The speakers are supplied in 
pairs, complete with leads and mounting 
template,  priced from  £30.76 to 
£63.25 per pair, including VAT. 
For details,  write to Blaupunkt, 

Robert Bosch Ltd., PO Box 166, Rhodes 
Way, Watford, Herts WD2 4LB; Tel. 
01-606 2023. 

Now, if there is any room left in the car's 
dash board,  perhaps you are con-
templating installing a CB rig? If so, there 
are several new items which have come 
to our attention, lately, that may be of in-
terest. 
A new entry in the field, which is 

definitely worth considering if your 
space is becoming limited, is the Domico 
Convoy I, a slim-line CB transceiver 
made in Japan and distributed in the UK 
by Domicrest Fancy Goods Ltd. The rig is 
government approved and carries "all 
the usual features". The retail price is 
"something  under"  £80,  including 
VAT, and Domico also provide a full 
range of aerials, mikes, SWR meters etc. 
All items carry a one-year guarantee, 
with parts and service facilities available 
at the company's premises, at 31-37 
Hoxton Street, London Ni 6NJ; Tel. 
01-729 4600. Domico products are 
available from the usual retail outlets but 
in case of difficulty, contact them at the 
above address. 
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Major,  (above) manufactured by 
Cybernet, is a more established name 
among CB operators. Three transceiver 
models are available — the 2000, 3000 
and 5000, plus the Model 4000 base 
station.  Specifications include PLL 
(Phase Locked Loop) digital synthesiser 
circuitry, dynamic microphone and built-
in circuit protection and they meet all 
Home Office CB regulations for 27 MHz 
operation. They are supplied complete 
with mike, mounting bracket, cable and 
instruction manual. For more detailed in-
formation, contact Major (UK) Ltd, Unit 
2,  Station Yard,  Wilbraham  Road, 
Fulbourne, Cambridge CB1 5ET; Tel. 
0223 881055. 

Finally, you've just bought a rig but have 
forgotten all the little bits and pieces that 
(should) go with it, consider the new 
H 165 CB accessory kit from Harvard 
(above). It contains an MPT 1 320 
"legal" base loaded 27 MHz FM anten-
na, a locking slide bracket with key, 
patch leads, a three-function SWR meter 
and a gutter-mount for the antenna. The 
recommended retail price does not ap-
pear to have been finalised, but is ex-
pected to be around £20. Contact Harris 
Overseas Ltd, Harvard House, 14-16 
Thames Road, Barking, Essex IG11 
OHX; Tel. 01-594 5533, for up to date 
price information and availability.  HE 
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'Rapid 
TElectronics 

LINEAR 
CA3162E  450 164377 

*709  25 CA3189E 
*741  14 ICL7106 
748  35 1C10038 
AT 11270 840 1CM7555 
AT-3,8910 700 *11351 
• AY-1.8912  11153 

625 11356 
CA3046  40 LMIO 
CA3000  65 *LM301A 
CA3009  215 LM3Il 
CA3090AQ 375 LM318 
CA31310  90 , *LM321 
CA3110E  45 LM339 
CA31601  100 1M348 
C411613  140 I M1511 

L ta 1 111  :3 0 

4,1011  14 
• 4001 12 
4007  14 
4006  65 
4007  17 
40011  RI 
4009  30 
4010  35 
• 4011 13 
4012  17 
• 4013 22 
4014  60 
4015  60 
• 4016 22 

4  35 
*1020 SS 
4021  65 
4022  70 
4021  II 
4014  40 
1025  IS 
• 4026 96 
4027  30 
4028  SS 
4029  75 
4010  35 
4011  170 
4014  170 

290 *LM180 
790 *164361 
320 LM3132 
00 *LM186 
40 164307 
11.5 1.64193 
90 41M709 
395 164710 
25 164725 
70 LM733 
115 * M741 
II LM747 
50 LM748 
OS LM1493 
SO LM7917 

65 1613909  70 
III LM3911  120 
120 *LM3914 200 
65 *1643915 200 
120 16413600  120 
100 MC1310  150 
25 MiC3302  150 
SO A4C3340  135 
350 NE515  270 
75 NE S29  225 
14 140531  150 
75 19F 544  105 
35 • NESS5  16 
40 *141556  45 
200 NE 565  120 

14E567 
NE571 
RC4136 
9476018 
5N76477 
TBA800 
TBA810 
TBA820 
TBA950 
TCA910 
TDA1004 
TDA1008 
TDA1010 
TDA1022 
TAD1024 

100 
425 
90 
150 
150 
80 
85 
80 
210 
170 
300 
320 
225 
560 
125 

11.071 
11072 
11064 
XR2206 
ZN414 
ZN423 
1N424 
ZNI2SE 
IN426E 
IN127E 
ZN428E 
ZN1034E 

45 
75 
90 
300 
100 
195 
135 
390 
330 
650 
480 
200 

4036 
4019 
4040 
4041 
4042 
4041 
4044 
4046 
4047 
4048 
*1(149 28 
4050  20 
4051  60 
1052  70 
4053  60 
4054  110 

211.5 
295 
SS 
75 
SS 
60 
65 
70 
70 
SS 

4055  115  4081  20 
40so  440  41185  65 
4060  SS  40 86  65 
063  90  4089  140 
4066  35  • 4093 33 
067  395  4094  14 
• 4068 Is  4095  50 
4( 0  18  4097  3441 
4020  10  4098  SS 
4071  10  4°99  !!! 
4072  18  40106  ,0 
4071  20  40109 100 
4075  20  40163 100 
4076  60  40171 100 
4077  25  40175 100 
4081  54  40191 120 

4302  70 
1501  50 
1507  38 
4508  200 
4510  65 
*4511 SO 
4512  70 
4514  100 
4515  ISO 
4516  75 
*4518 45 
4520  70 
4521  200 
4526  SO 
4527  90 
*4528 75 

4529 
4512 
4514 
4518 
4541 
4549 
455) 
4555 
4556 
4559 
4560 
4584 
4585 
4724 

150 
95 
495 
110 
110 
300 
215 
45 
48 
310 
180 
45 
99 
1441 

Tel: 0322 863494 
Hil!croft House 
Station Road 
Eynsford, Kent DA4 OEJ 

CO MPONENT KITS 

An ideal opportunity for the beginner or the e‘Feoensed 
constructor to obtain a wide range of components at 
reduced prices 

3/4 W 5% Resistor Kit Contains 10 of each value Irons 
4 70 to 1M 1650 resistors) 4410p. 

Ceramic Capacitor Kit Contains Sol each value from 
220 MO 01 (135 caps 13709. 

Polyester Capacitor Kit Contains 5 of each value from 
001 to 1uF (65 caps 1575p each. 

Preset Kit Contains Sof each hoe Value Irons 
10032 to 1M (total 65 presets) 4250 e4ch• 

Not and Boll Kit Total 300 items 14 90. 
25 6BA % bolts  25 4BA % bolts 
25 613A 1/2 ' bolts  25 4BA ./1" bolts 
SO 6BA nuts  SO 6BA nuts 
613A washer.  50 6BA washers 

1 =222 =111 
PP( Battery clips 
fled or black crocodile clips 
Black pointer control knob 
Pair Ultrasonics 
10221) twist ed vane heatsink 
20mm panel fuseholder 
4mm terminals (star colours) 
1018 transistor socket 
teirons 64 (,hrts speaker 
h4min ohm speaker 

401Ci•v044, 

0:131219111 

6p 
6p 
1Sp 
35413) 
28p 
259 
33p 
1Sp 
70p 
'Op 

TT L 

7400 
7101 
7402 
7403 
7101 
7405 
7406 
7407 
7*//1 
7409 
7410 
7411 

11 
11 
12 
14 
14 
17 
26 
26 
IS 
16 
14 
20 
20 

7411 
7414 
7416 
7417-
7421) 
7421 
7411 
7427 
7428 
7430 
7412 
7413 
7438 
7437 
7440 

L A M  .1 15 %  11  1,2, 

1501 
1502 
1503 
1504  15 
1505  15 
1508  16 
1509  16 
L510  16 
1511  16 
1512  IS 
1513 
1514 
1515  IS 
1570  IS 

24 
35 
25 
25 
IS 
20 
20 

2$ 
IS 
25 
27 
27 
27 
17 

7442 
7444 
7446 
7447 
744/1 
745(1 
451 
7451 
7454 
7460 
7472 
7473 
7474 
7475 
7476 

40 
85 
60 
48 
50 
16 

16 
16 
16 
25 
25 
25 
3$ 
10 

-4110 
74)11 
7461 
7485 
7486 
7489 
7490 
7492 
7492 
7491 
7494 
7495 
74 % 
7497 
741011 

45 
70 
SO 
75 
25 
100 
20 
45 
40 
30 
35 
SO 
45 
120 
ao 

74107  30 
74109  32 
74121  28 
74122  45 
74121  48 
74125  40 
74126 40 
74112  40 
74141  65 
74165  65 
74147 100 
74148  75 
74150 75 
74153  45 
74154  75 

74155  60 
74156  60 
74157  41 
74160 40 
74161  60 
74162  60 
74161  60 
74164  60 
74165  60 
74167 180 
74170 165 
7417)  60 
74174  65 
74175  '0 
74176  SS 

74177  71 
74179 65 
74180 65 
74181 135 
74182  75 
741 % 70 
74191  70 
74192  70 
74191  65 
74194  70 
74195  63 
741 %  63 
74197  61 
74198  95 
731 %  35 

16 
IS 

14  1527  IS 
31:  L530  16 

S  16 
1537  16 
1538  16 
1540  16 
1547  311 
1547  40 
1540  SO 
1551 

g 1555 
1573 
1574 
1575 

16 
30 
25 
25 
27 

1576  20 
1578  24 
1581  SO 
1585  70 
1586  25 
1590  35 
1592  34 
1591  35 
1595  SS 
15 % 110 
15107 45 
15109 30 
15112 30 
15113 30 
15114 30 
15122 42 
15123 SS 

15125  30 
15126 30 
15112 45 
15136 30 
1 51)8 35 
15139 35 
15145 75 
15147 160 
15148 95 
15151 40 
15153 40 
15154 120 
15155 45 
15156 45 
15157 35 
15158 36 
15160 42 

15161 
15162 
I. 5161 
I 5164 
I 5165 
15166 
15170 
15173 
15174 
15175 
151 % 
15191 
15192 
15193 
15195 
151 % 
15197 

42 
42 
42 
SO 
120 
SS 
170 
70 

606°  
SS 
SS 
6055 

SO 
60 
60 

15721 60 
15240 90 
15241 80 
15242 110 
15241 85 
15244 110 
15245 120 
15247 75 
15261  40 
15257 48 
15258 45 
15259 95 
15266 25 
15771 90 
15279 50 
15281 45 
15351 100 

114  tii 

15367  38 
15365 50 
15373 SD 
15374 00 
15375 SO 
LS377 10 
15378 70 
15390 75 
15193 75 
LS399 220 
15541 135 
1,5670 t'; 

PANS 
ISTORS BC157  10 BC558 

E3C158  10 BCY70 
'5 *BC159  I BCY71 
15 BC160  45 B(7572 

si  /5 13C168C  10 (40115 
• AC 128 20,BC169C  10 (11)131 
5C176  35 BC170  8 111)132 
AC187  22 BC171  10 110133 
AC188  22 BC172  S 1(0135 
M)142  120 BC177  II 111)136 
513149  80 BC178  18 (11)137 
50161  40 BCI79  IS 110118 
'5D162  40 BC182  10 111)119 
A1124  60 *I3C1821 8 1(1)140 
01126  SO BC183  10 110204 
A3119  40 13C1831  10 130206 
51 186  70 EIC184  10 130272 
51239  75 *BC1841 7 13E180 
(C107  10 BC212  10 BF182 
1C10713  10 13C2121  10 E311134  
• F3C108  S BC213  II BlItIS 
1C108/3  12 BC2131  10 131194 
(C108C  12 BC214  10 131195  32  
BC109  8 413C2141 5 1311 %  12 
1C109C  12 BC237  S 01 197  12 

22 BC238  14 BF 198  10 
1C115  22 BC 108  15 OF 199  18 
1(7117  22 FIC327  14 f3F 2no  30 
1C119  35 I3C128  14 • Flf 24411 111 
1C137  40 B(7137  14 81246  30 
1C119  40 BC338  14 13125611  45 
1C140  30 BC477  30 131-257  32 
1(7141  30 BC478  30 131291  25 
1C142  25 BC479  30 B1259  35 
1r141  20 13(7517  40 Bf 317  40 
1C147  $ *13C547  7 BFR40  23 
1(7148  8 13C545  10 1311180  25 
T(149  9 BC549  10 ,131 52'1  25 

10 BF X/14  25 
111 151585  25 
15 BF X86  25 
IS 111 557  25 
00 13F 5811  25 
35 fil 550  23 
35 HI 551  23 
SO BE562  23 
SO  BF 551  32 
30  11E555  32 
30 141 566  32 
30 138519  40 
35  F35520  20 
35  145529  35 
110 115595A  25 
110 BU205  140 
05 RU206  200 
35  qu2no  170 
35 M12955  99 
25 MIT 140  SO 
25 MI/ 5211  65 
12 6411511  95 

MR- 1055 70 
MP( 101  40 
MI') 1114  40 
MPSA05 22 
M85,106 25 
MPSA12 30 
MP5A55 30 
MPSAS6 30 
MPSUOS SS 
MPSU(16 SS 
M851.55 60 
MPSU% 60 
IPI9  35 
TIP29A  40 
T1P29f3  55 
1 IP29C  40 

TIP%  45  *ZTX107 8121481,,  -,-. 
TIPIOA  40  *ZTX108 1112141055  SO 
TIPIOB  SO IT X109  12 2N3442  120 
11190(7  60 ITX30)  14 *2143702 6 
TIP31A  45 11%301  16 2143703  9 
1181113  45 Z15302  IS • 2143704 6 
0811C  SS 110304  17 7143705  9 
I IP12A  45 I1)(341  30 2141706  9 
1P1213  SS ZT)(500  IS 2143707  10 
T1P1 K  60 ITX501  IS 260700  10 
T 11:131A  SO 115502  IS 2N1709  10 
11811C  75 1T5503  111 2141772  190 
IPMA  60 £1 8504  25 2193771 210 
11814C.  85 214697  20 • 2N3819 IS 
T!PISA  160 214698  40 2N5820  40 
I in 35c,  sip 2N70bA  20 2193823  65 
I 1P3bA 170 7147130  20 2N1866  90 
T1P16C  195 219918  35 2143 943  10 
11841A  60  2191132  22 2143904  10 
T1P42A  60 2N161 t 30 • 2N3905 
1110120  90 2N2218A 45 2141904  10 
TIP121  90 2N2219A 25 -144017  45 
1181/2  90 2N2221A 25 2144058  10 
10041  120 2N2222A 20 2N4(80  10 
0814/  120 2142360  25 2194061  10 
I 18147  120 2142)69  11 2144062  10 
1182955  60  2142484  25 2145457  341 
TIP1055  SS  2142646  45 2146458  36 
11541  40 2N2904  20 2146459  30 
11544  45  2N29114A 20 2N54115  34 
11545  45  2N7905  22 2145777  45 
11590  30  2N290SA 22 2144027  30 
11591  30  2192906  25 40360  40 
• VN1OKM  2N2906A 25 40361  SO 

45  21512907  25 40362  SO 
VN46A1  75 2N2907A 25404013 
VN66AF  85 2142926  4°594  1V0  
VN88,51  2143053  23 

NEW TELEPHONE ORDER SERVICE 
1i Now ordering from Rapid is 
St even easier Just telephone 
0322 863494 with your 

* requirements and your 
* Access or Visa number for 
immediate despatch. Nothing 

41( could be more simple' 

liAlturvc 

CAPACITORS 

Polyester Radial Leads 250V 21301510. 
001 0 015, 0022.0 013 Int 0 047. 0 068.01.7p; 
0 15.0 22.9p; 0 33.0 47, 13p; 0 613, 209; To 20. 

Electrolytic Radial or Axial leads 
0 47/61V, 1/63V, 2 2/63V, 4 7/6 W, 10/25V, 7p; 
22 ,25V, 17/25V, Sp; 100,2511,9p; 220'25V, 149; 
470/25V, 20; 1010/25V, 30P• 

Polyester Siemens PC11 
In. 2n2  407,6n8. 10n, 15n, 7p; 220. 0n. 47n, 68n 1M 
100n, 09; 1500, 11p; 220n, 13p; 330n 30p; 470n 269; 
6800. 209; So. 33p; 2u2, Sep. 

Tantalum bead 
0 1.022.0 33 0 47. 11( 48 35V 12p; I 2, 4 7 10 a 
25V, 290; 15/16V 309; 22.165/ 27p; 13 Thy, 45p: 
47 6V. 27p; 47/16V 709; 68/6V. ao; 100 /105  

Ceramic  2204301u 50V 3p each. 
Polystyrene 5% tolerance 
1(0.1000p 6p. 1500-47000p. 680110-0 012 109 
Trimmers Mullard 800 Series 
IOW 220, 2-2201 30p. 5 5-650F 35p. 

TRANSFOR MERS 

REGULATORS 

Positive 
• 78105  25 
78/12 
78115 
*7805 
• 7812 
7815 

30 
30 
45 
45 
60 

1643139K  130 
*LM317T 120 

Negative 
79105  45 
791.12  65 
79L 15  65 
*7105  45 
*7912  45 
7915  GO 

41M323K 356 
161773  40 

SOLDERING IRONS 

Antex CX 17W Soldering Iron 
2 Irnrn and 4 7mm bits to sult 
CB 17W element 
5nteg /(25 2533 Soldering Iron 
(mm and 4 7irtrn bits to suit 

525 25W element 
',older pump desoldenng tool 
Spare nozzle for above 
10 metres 22 swg solder 

42 % 
55p 
19% 
4406 
Sip 
I 91111, 
4110p 
'011 
100p 

Please add carnal,-
charges to our 

i. Miniature mains  normal post charg 
606V 019V, 12012V all 0 100mA 100, each 

High quality, Split bobbin construction 
6VA 0-6,0-6 0 0 SA, 0-9, 0-9V 0 0 4A 

0-12 0-12V 0 0 3A 226s gado. 
12VA 116. M16 a 1A, 0-9,0-9V 0 I 2A, 

0 12.0-12 00 SA, 0-15, 0.15V 00 4A 
17 0 each (plus 400 carriage) 

21VA 0-6,0-6V 0 I SA, M19,0-9V 0 1 2A, 
0.12.0.12V 0 1A. 0-15,0-15V • 0 8A, 
33 90 each (plus 60p carriage) 

SOVA  012 0-12V  2A, 0-15,0-15V 0 I SA, 
4010 each (plus 70p carnage) 

100s,'A  0 111 0 10V  1 6A 
9209 cads (plus 000 carriage) 

CABLES 

20 Metre pack single COre 
onnertmg cable. ten 
ilitlerent colours 
Speaker cable 
standard screened 
Twins, reened 
'54, 1 nre main, 

6Sp 
10p 111 

16p re 
249 ni 
219  
"O 

TENTIO MET RS 

Rotary Carbon track lug 
on Lin SK -1M 
Single 32p. Stereoll1 0 each 
Slide tiOnim travel single 
Log or Lin SK•SOOK 63p. 
Preset Submin hoeiz 
1000.1M  7p. 

are 4% 41 Si 20,  *  lea  **JPit 

it 
11( 

SOCKETS 
• t pill  7p 
• 14 pm  9p 
• 16 Pm 30 P 
18 pm  159 
20 pin  1111, 
pm  2Up 

24 pin  22p 
28 pin  249 
40 pm  12p 

•  101 ii 

Submin Tog., 
SPST 559  51'01 6%  • 1/1"01 50, 
Miniature toggle 
SPOT 800  SPOT centre off 10p 
DPOT 90p  DPOT centre off moo 
Standard toggle 
SPST 359  DPIT0 490 
• Miniature DPDI slide 12p 
*Push to make lip  Push to break 229 
Rotary type adisestable stop 
1812W  214M.  11' l‘\  II' 155 all Sip each 
DIslssivritcshoi; 
4 p   

12,'  12 
0A47  10 
OMO  $ 
OA91  7 
0A200  I 
0A202 
114914  4 
• 1144148 2 

• 1N4001 
1N40132  S 
1144006  7 
1144 007  7 
1145401  IS 
1N5401  16 
1145406  17 
400mW ten 11* 

S,e * 46  limm 
,1 ilgaA 

0-500mA 

0-50V AC 
I I lmA 

VU 
illOmA  0 1005' A( 
I 1-50mA 
0•100mA 
45 90 cad.. 

RESISTORS 

.W 5% Carbon film 1,2 
,ieries 4 70 TOM 19 each 
W 5% Carbon film E 12 

ivrees 4 70 4647 ip earit 
.W 1".. Metal I,),,, F 24 

ILZI MG111121I MINI M 
- - ' miler sheets — please 

..0,• i„,,, c 4 OIL pads etc 1  459 
[ Silo etch resist pen  1009 
I ibre glass board 3 75' 0 5"  750 
F erric Chloride 250ml bottle  100p 

Doren,/ 

3  2  1  70p 
4x 3  14  S59 
4  1 2  101M 

i,'4n1  1/09 
6 s 4 is 1  1509 
8  fy  2  11109 

* burn red 
*Invo green  12 
• (mm yellow  12 

Clips io suit 39 each 

Res'angular 
* nil 
green 
velln* 

12 
17 
17 

'seven Segment ()Niles 

Corn cathode 
01 704 SI 1'  95 
• NIL)500 0 5'  65 
IL 111 0 1"  105 
I II 422 (15"  115 

* ill * * red 
* imm gotten 
• 5rnm vellne.  12 

III 12 
11178 
T IL III 
O RP12 

12 

40 
40 
60 
Bi 

Corn anode 
01207 0 3"  95 
NO507 0 S-
T IL 112 0 3"  105 
III Ill 0 S'  115 

All seven segmen displays are 
supplied with ion ii non details 
2N5777  45  Dual Colour LEO ,0 

S. 

CONNECTORS 

DIN  Plug  Ski 
1 pin  9p  Op 
1 pin  129  10p 
5 pin  139  lip 
Mono  109  129 

I as k  Plug 
2 Crnm  10p 
1 Smrn  *7p 
Standard  10 
Stereo  249 

lnun  Ilp  139  imm 

UHF (CB) Connectors 
P1259 Plug 40p  Reducer 14p 
50239 Square chassis sock,' Op 
502195 Round chassis sot k. •  • 

IL C 3 pin 250V,bA 
Plug chassis mounting 
Socket free hanging 
Socket with 2m lead  1209 

Ski 
1119 
* 7p 
290 
20 

lip  17p 

VERO 

Veroblot 3509. 
Size 0 1 mato,' 
25 0 l' 
25 x 3 75' 
1 5 x 5' 
175 x 5' 

VQ Board 

'sir,7=1°) 

229 
7Sp 
8Sp 
95p 

16% 

50p 
Double sided  609 
Spot face cutter  105p 

111112131 21 M1  
SCRs  TR1ACs 
*C10613  30  400V 4A 

, 100V 8A  70  4013V 8A 
I 4COV 12A  99  400V 16A 

BRIDGE RECTIFIERS 

60  IA 50V  22 
70  IA 400V  35 
105 

6A 100V 
6A 2(TOV 
6A 400V 

lOOKII,  210 2 4576M 
/O WN,  370  1 2760.4 
1MIlz  300 1 67964 
I 008m  370 4 06A 
1 84 I.'M 300 4 1946.4 
2 OM  270 401M 

5 OM 
6 OM 

220 6 144M 
240 7 O W 
120 0 904 
10 10 064 
ISO 12 00.4 
125 16 03.4 

240 
200 
140 
250 
170 
150 
290 
240 

18 OM 
18 412M 
19 968M 
26 69M 
27 145M 
38 6667M 
48 OM 
11664 

240 
220 
300 
300 
240 
320 
220 
300 

* Same day despatch  * Competitive prices The Rapid Guarantee * Top quality components * In-depth stock 
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00 

* PROMPT DELIVERY * PRICES INCLUDE V.A.T. * AMPLE STOCKS 
A PERSONAL SERVICE FROM A SMALL EXPANDING COMPANY 

STEREO CASSETTE TAPE DECK MODULE 
Comprising of a top panel and tape mechan 
ism coupled to a record/play back printed 
board assembly Supplied as one complete 
unit for horizontal installation into cabinet or 
console of own choice These units are brand 
new, ready built and tested 
Features  Three digit tape counter  Auto 
stop Six piano type keys, record, rewind, 
fast forward, play, stop and elect Automatic 
record  level  control  Main  inputs  plus 
secondary inputs for stereo microphones 
Input Sensitivity: 100mV to 2V Input Im-
pedance 68K Output level 400mV to both 
left and r.oht hand channels Output Im-
pedance  10K Signal to noise ratio: 45dB 
Wow and flutter  0 1°. Power Supply re-
quirements 18V DC at 300mA Connections 
The left arid right hand stereo inputs and 
outputs are via individual screened leads, all 
terminated with phono plugs 1phono sockets 
provided) Dimensions: Top panel 51/2 in x 
11 Nin Clearance required under top panel 
2)4in  Supplied complete with circuit dia-
gram and connecting diagram  Attractive 
black and silver finish 
Price £26.70 + £2.50 postage and packing 
Supplementary parts for 18V D C power supply 
{transformer, bridge rectifier and smoothing 
capacitor) £3.50. 

NE W RANGE QUALITY PO WER LOUD-
SPEAKERS 115 . 12  and 8 I These 
audspeakers are ideal for both hi fi and 
iisco applications Both the 12  and 15 
,nits have heavy duty die cast chassis 
ind aluminium centre domes All three 
.nits have white speaker cones and are 
/tied with attractive cast aluminium 
ivound finish) fixing escutcheons 
Specification and Price 

15 - 100 watt R.M.S. Impedance Bohm 
••9 oz magnet, 2 aluminium voice coil 
Resonant Frequency 20Hz  Frequency 
Response to 2 5KHz Sensitivity 97dB 
Price £32 each. f 2 50 Packing and Car 
• age each 

12" 100 watt ft M.S. Impedance 8 ohm. 50 oz magnet 2 aluminium voice ioil 
Resonant Frequency 25Hz Frequency Response to OKHz Sensitivity 95013 Price 
£23.70 each. 12 50 Packing and Carriage each 

8" 50 watt R.M.S. Impedance 8 ohms, 20 oz 1 '/," aluminium voice coil. Resonant 
Frequency 40Hz. Frequency Response to 6KHz. Sensitivity 92d0 Also available with 
tilack cone fitted with black metal protective grill Price: White cone £8.90 each. Black 
coneigrill 19 50 each P Fr P f 1 25 each 

PIEZO ELECTRIC TWEETERS  MOTOROLA 
Join the Piezo revolution The low dynamic mass no voice coil) of a 
Piezo tweeter produces an improved transient response with a lower 
distortion level than ordinary dynamic tweeters As a crossover is not 
required these units can be added to existing speaker systems of up 
to 100 wafts more if 2 Mil in series) FREE EXPLANATORY LEAFLETS 
SUPPLIED WITH EACH TWEETER. 

TYPE E 

TYPE D 

TYPE F 

TYPE 'A' (KSN2036Al 3 ' fOUnd with protective 
wire mesh ideal fin bookshelf and medium 
sized Hi fi speakers. Price £3.45 each. 

TYPE 'B' IKSN1005A1 3  super horn For 
general purpose speakers, disco and P A 
systems et• Price 14 35 each. 

TYPE 'C' IKSN6016Al2  5- wide dispersion 
horn  For quality Hi fi systems and quality 
discos evc Price 15 45 each. 

TYPE 'D' IKSN1025A) 2- • 6- wide dispersion 
horn  Upper frequency response retained 
extending down to mid range 12KHz) Suitable 
for high quality Hi ti systems and quality 
discos Price 16.90 each. 

TYPE 'E' IKSN1038A) 1 " horn tweeter with 
attractive silver finish tom Suitable for Hi fi 
monitor systems etc Price £4.35 each. 

TYPE 'F' (KSN1057A1 Cased version of type 
E' Free standing satellite tweeter  Perfect 
add on tweeter for conventional loudspeaker 
systems Price £10.75 each 
U.K. post free lor SAE for Piero leaflets) 

1K.VVATT SLIDE DI M MER 

•  ',owls loads up to 1K W 
•  ,mpact size 

4 Yx•' 
16 

• Easy snap in fixing through 
panel cabinet cut out 

• Insulated plastic case 
• Full wave control using 8amp 
mac 

• Conforms to BS800 
• Suitable for both resistanci• 
and inductive loads 

Innumerable applications in 
industry, the home and discos 
theatres etc 

Price: £1.70 each + 50p P&P 
lAny quantity) 

BSR P256 TURNTABLE 
P256 turntable chassis • S shaped tone arrn 
• Belt  driven • Aluminium  platter • 
Precision calibrated counter balance • Anti 
skate (bias device) • Damped cueing lever 
• 240 volt AC operation (Hz I • Cut our 
template supplied • Completely manual arm 
This deck has a completely manual arm and is 
designed primarily lor disco and studio use 
...twre all the advantages of a manual arm are 

required 
Price 128.50 • 1-2 50 P&P 

dV13  PO WER AMPLIFIER MODULES 

Vu Meter 

Matching 3-way loudspeakers 
'and crossover 
Build a quality 60watt RMS system 8ohms 

Build a quality 60 wan R M S system 

* 10 Woofer 

* 3 Tweeter 

* 5 Mid Range 

* 3-way crossover 

flitelf with attractive cast aluminium fixing es-
cutcheons arid rrR.sI, protective wills which are 
removable enabling a unique choice of cabinet 
styling Can be mounted directly on to baffle 
with or without conventional speaker fabrics 
All three units have aluminium centre domes 
and rolled loam surround  Crossover coin 
lines spring loaded loudspeaker terminals and 
recessed 1110ftrlif nu panel 
Price E22.00 per kit . £2.50 postage and pack 

SC palf M el),  1,,  ii-' 

12" 80 watt R. M.S. loudspeaker. 
A superb general purpose twin cone loud 
speaker  50 oz  magnet  2  aluminium 
voice coil Rolled surround Resonant Ire , 
quency 25Hz.  Frequency  response to 
13KHz Sensitivity 95dB Impedance 8ohm 
Attractive  blue  cone with  aluminium 
centre dome 
Price [17.99 each . f 250 pbp 

B.K. ELECTRONICS 

GENERAL PURPOSE 41/2" MINI 
SPEAKER 

General purrat  • .  loudspeaker, ideal 
tor ffIlf  ,,,,tems etc. 

*Rolled fabric surround 'Twin cone 08ohm 
impedance •15 watt RMS •1" voice coil 

•1301 magnet •Frequency range 50 15000Hz 

Price: £6.90 each + 75p P&P 

100 WATT R.M.S. 
Power Amplifier Modules with integral toroidal 
transformer power supply and heat sink 
Supplied as one complete built and tested 
unit  Can be fitted in minutes. Auxilliary 
stabilised supply and drive circuit incorporated 
to power an L E 0 Vu meter. available as an 
optional extra 
SPECIFICATION 
Max. output power 100 watts R MS IOMP1001 
Loads: lOpen and short circuit proof I 4 16 ohms 

Frequency Response20Hz•25KHz -• 3dB 
Sensitivity for 100 watts 500mV at 10K 
T.H D.  00 1% 

Size: 360 • 115 • 813mm 
Prices: OMP 100W  £29.99  E2 00 PEtP 

OMP 150W  £39.99  £2.00 
V u Meter  £6.50 

37 Whitehouse Meadows, Eastwood, Leigh-on-Sea, Essex SS9 5TY 
* SAE for current lists. * Official orders welcome. * All prices include VA I * Mail order only. * All items packed (where 
applicable) in special energy absorbing PU foam. Callers welcome by prior .(1)pointment please phone 0702-527572 

PE:3VISA 
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Project • 

Scott Engine Driver 
Jonathon 

MODEL TRAIN CONTROLLERS aren't 
new; in fact, HE has presented two in 
the last few years. However, none that 
we have seen have offered all the 
features of this one! Our new device 
offers simulated inertia, twin 
controllers in one box, real engine-like 
control layout, realistic pick-up and 
current drive, which provides 
automatic compensation for bad 
contacts. It also has full short/open 
circuit indication. Whether you are a 
habitual Hamley's first floor addict or 
just starting with the beginnings of a 
railway set-up, this project will give 
you scale-realism. 
Our controller will drive any DC 

locomotives, up to 15 volt rating at up 
to 11/2  amps per track and has two 
controllers in the one base (most 
people have at least two lines in their 
layout). 
You may also notice that our Dual 

Engine Driver has rather an unusual 
control layout. There is a 'throttle', as 
well as a three-way control switch with 
positions, labelled 'Accel' and 'Brake' 
and a centre-off 'Coast' position. 
When the switch is thrown up to the 
accelerate position, the controller pulls 
the train slowly up to the power level 
set by the throttle and it can be left 
there for long journeys. Pushed to the 
centre position, the train will 'coast' 
and eventually come to a halt. For 
controlled braking, push the switch to 
the (momentary) brake position 
(released, it springs back to 'off'); 
repeated brake pulses will allow you, 

A double-value model 
train controller with 
simulated inertia for 
scale realism. 

with a little practice, to stop neatly at a 
station. This 'power-coast-brake-coast-
brake' sequence may be familiar from 
travelling on the Tube or on short Main-
line runs. In fact a short station-to-
station run rarely requires the operator 
to touch anything but the accel/brake 
control. For long runs, the throttle 
needs to be adjusted to set a steady 
pace — as is the case on an Inter-City 
run. This controller action is as 
'realistic' as we could devise with 
readily available components. 
However, real engine-like controls 
could be made up and fitted to a panel, 
rather than the base that we used. For 
example, we could have used a 10-turn 
potentiometer for the throttle and a 
'steam-valve' knob, but we opted for a 
simpler, less expensive approach. 
Since these are mechanical, rather than 
circuit, modifications we leave it up to 
you! 

Construction 
Construction is relatively 
straightforward — if you follow the 
steps below and the accompanying 
layout diagram. Firstly, drill the box and 
front panel; make the holes for the 

cable on the rear of the box, and the 
mountings for heatsinks, PCB, 
transformer, feet, etc, on the bottom. 
Once this is done, label the panel with 
rub-down lettering and spray it with 
protective lacquer. While this is drying, 
fit the terminals, transformer, diode 
bridge, feet and mains cable. The diode 
bridge should not require a heatsink if it 
is a 6 Amp type, as specified. We did 
not use an on-off switch in the AC 
mains line, as is usual on train controllers, 
but of course you may if you wish. 
Next, fit the components to the 

PCB, following the overlay (Figure 2). 
Take care to orient the components 
correctly — only the resistors may be 
mounted either way around! Finally, fit 
the transistors to the heatsinks and 
mount them as shown. If you use a box 
similar to ours, there is plenty of room 
for the heatsinks to be individually 
bracket-mounted on the base and, as 
they are then isolated, there is no need 
to insulate the transistors with washers 
and thermal compound. If, however, 
you use a metal case as a heatsink, or 
one heatsink for both channels, you 
must then insulate Ql, Q2, Q101 and 
Q201 from the heatsink. Be sure to 
remove all burs and to use thermal 
compound; the transistors can develop 
tens of watts during momentary 
overloads and this demands several 
square inches of heatsink and good 
thermal contact! 
When the panel has dried, fit all the 

knobs, switches etc. Then, all the 
flying leads should be connected; use 
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• Dual Engine Driver 

Ti  17V 

240V AC  +  AC OUT 
TO PCB  I 

17V 

R1 
1k 

C1 
3300u 

LED1 

'ACCELERATOR' 

RV1 
200R 

C3 
SW1  22u + 

R2  'BRAKE' 

470k  R3  R4 
270k  10k 

2u2 

R5 
330k 

PB1 
R6 
2M2 

NOTES 
Id  1 IS  CA 3140 
01  IS  BD139 
02  IS  TIP3055 
SW1 IS A CENTRE-OFF SWITCH 

'DRIVE' 

ZD1 A 

„ill! 'OPEN LINE' 
LED2 

LED3 

01 

02 

+V 

POWER 
SUPPLY 

-V 

'EMERGENCY STOP" 

LED2 LED1 

•  

SW2a 

SW2b 

OUT TO 
TRACK 

• Figure 1. The circuit for a single 
controller; the other half is identical. 

4 Figure 2. Component overlay for half 
the board. The full PCB foil pattern is 
reproduced on page 78 

controls and the LEDs on the front 
panel, the terminals (6) and the AC 
32/0.2 (32 conductors, each 0.2 mm 
diameter) or heavier gauge wire for the 
lines which carry 1.5 amps. The 
remaining connections can be made 
with ordinary hook-up wire. Now it is 
time to test the controller. If everything 
is in order, you should be rolling! 
The Dual Engine Driver is capable of 

controlling any size train, of any gauge, 
that uses up to 15 V supply. Once it is 
operational, there are several 
adjustments that can be made to set up 
the controller to suit your system. You 
may, for example, vary the start-up 
impulse, change the maximum throttle 
setting or alter the amount of inertia to 
obtain better performance from your 
trains. These changes are described 
be:ow. 

The Circuit 
The unit consists of two separate, 
identical controllers, each supplying 
sufficient power to drive one train, and 
a common DC supply. The controllers 
each need 30 VA, maximum, and the 
specified transformer, rated at 65 VA, 
will comfortably run both controllers 
with 'headroom' left for an AC output, 
as is usual on model train controllers. 
Smoothing capacitor Cl lifts the DC 

supply rail to about 20 V but, as 
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Dual Engine Driver II 

 Parts List 
RESISTORS 
All 1/4W 5% except where stated 
R1,10, 
101,110  1k 
R2,102  470k 
R3,103  270k 
R4,104  10k 
R5,105  330k 
R6,106  2M2 
R7,107  2k2 
R8,108  1R0 2.5 watts 
R9,109  6k8 

CAPACITORS 
Cl , 101  3300u electrolytic 25 V 
C2,102  2u2 radial electrolytic 

16 V 
C3,103  22u tantalum 16 V 

POTENTIOMETERS 
RV1,101  20OR wirewound 

SEMICONDUCTORS 
IC1,101  CA3140 
ZD1,101  BZX6IC 10 V zener diode 
LED1,101 0.2" LED red 
LED2,102 0.2" LED yellow 
LED3,103 0.2" LED green 
Q1,101  BD139 
Q2,102  TIP3055 

MISCELLANEOUS 
Ti  Transformer 17-0-17 

centre-tapped 4A 
BR1  6A 100 V bridge rectifier 
SW1  SPDT centre-off toggle 

switch (momentary 
action) 

SW2  DPDT toggle switch 
DP1  push-to-make push button 

switch 
Case, knobs, PCB, grommets, cable, 
solder etc. 

See Buylines, page 21  for cost and 
availability of these components. 

several volts are lost in the controller 
circuitry, the voltage supplied to the 
train is about the same as it would be if 
the supply were unsmoothed. As well 
as providing 'Power On' indication, R1 
and LED I put a regulated 1V65 across 
RV1, the throttle control. 
Assume, for the moment, that SW1 

is in the centre-off position, C3 is 
discharged and the throttle is set to 
about 1/3 maximum; C2 will be charged 
to about OV5. If SW1 is then switched 
to the 'Accelerate' position, the 
voltage on C2 suddenly appears on C3, 
but rapidly discharges through C3 and 
R4, the voltage on C3 falling to about 
1/10th of its peak value of OV5. Then, 
however, C3 begins to charge through 
R2, ultimately reaching the voltage set 
by the wiper of RVI. The net effect is a 
fast voltage pulse on Pin 3 of ICI 
which quickly falls, nearly to 0 V, but 
then gradually rises back up to OV5. 
This voltage pulse is translated into a 
current pulse by IC1 and Q1/Q2, giving 
that sudden engaged-gear jerk 
characteristic of certain engines, 
particularly steam engines, as the slack 
is taken out of the couplings and the 
engine begins to build-up full power. 
The intensity of the start up pulse 

can be modified by changing C2 and/or 

R4; increasing R4 produces a stronger 
'jerk' but does not alter the start-up 
(1/10th of the throttle setting) while 
decreasing the value of R4 reduces the 
'jerk'. Increasing C2 gives both a larger 
pulse and start-up power while 
decreasing C2 reduces both. Thus by 
adjusting the values of both 
components, you can produce a 
suitable jolt (one that doesn't lift the 
engine off the track) and a realistic 
start-up. 
At this point, the voltage on C3 has 

risen to the value set by the wiper of 
RVI, the throttle control. Any further 
adjustments of the throttle will take 
effect slowly, as the charge on C3 
adjusts to the new level, thus 
simulating the large weight and inertia 
of an actual train. Increasing C3 
increases the inertia while decreasing 
its value produces a less pronounced 
effect. 

The maximum current drawn by a 
train, and so its maximum speed, is set 
by R5/R6. If your engine demands 
much less than the 1.5 amps which the 
controller is capable of supplying, it 
may be necessary to reduce the top 
speed by increasing the value of R5 
and possibly, reducing the value of R6 
— together, they should add up to 
about 2M5. For example, values of 1M 
each for R5 and R6 would give a 
maximum current of approximately 0.8 
amps. 
Look again at IC1, Q1 and 02. The 

transistors are connected as a 
Darlington Pair, with the engine as their 
collector load (via reversing switch 
SW2a, b) and current-sense resistor R8 
as the emitter load. The voltage 
developed across R8 is in the feedback 
loop of the op-amp, and IC1 tries to 
drive the Darlington Pair so that the 
current through 01/02 develops a 
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S Dual Engine Driver 

G.S.C. (U.K.) Limited, Dept. 14Z 
Unit 1, Shire Hill Industrial Estate, 
Saffron Walden, Essex. CB11 3A0. 
Telephone. Saffron Walden (0799) 21682 
Telex: 817477. 

14 

voltage across R8 equal to the voltage 
on the non-inverting input, pin 3. 
Effectively, this forces the current 
through the load to be proportional to 
the voltage at pin 3 (which is, of 
course, proportional to the voltage on 
C3!). 
Should the impedance of the load be 

too high — for example, when there is 
a bad track connection or an open 
circuit on the output — IC1 output is 
unable to force more current through 
Q1 /Q2 and so moves towards the 
positive rail, lighting LED2 and 
indicating a fault condition. 
LED3 is normally on, when a voltage 

is applied to the output, but is 
extinguished by a short circuit — thus, 
all fault conditions are indicated. By its 
current regulating action, the controller 
tends to counteract the effects of bad 
contacts or high resistance paths, but a 
continuous flicker in LED2 is normal as 
the engine moves over insulators or 
particles on the track. 
Returning, now, to the control 

section, if SW1 is moved into the 
'Coast' (centre-off) position, C3 
discharges slowly through R5 and R6; 
the current drive also drops, as the 
voltage on pin 3 decays, and eventually 
the engine will come to a halt. Of 
course, if the values of C3, R5 or R6 
have been adjusted, the time taken for 
this to happen will also be effected. 
The train can be halted rather more 

rapidly by switching SW1 into the 
'Brake' position (this position is a 

'momentary action' ie, the switch 
springs back into 'Coast' when 
released). In this position, C3 
discharges fairly rapidly through R3, 
removing the current drive and bringing 
the engine to a stop. With practice it is 
possible it is possible to use the brake-
coast-brake sequence to bring the train 
to an exact halt. 

Should it be necessary to bring the 
train to an abrupt stop, the 'Emergency 
Stop' switch, PB 1 , shorts C3 to ground 
through R4, stopping the train in about 
1 second. 

Our thanks to Hamley's Ltd of Regent 
Street, who supplied the trains for the 
picture. HE 

Guess who builds this great 
 4  

Logic Probe ...YOUM £12.50 
With this easy-to-build Logic Probe Kit from GSC and just a 
few hours of easy assembly — thanks to our very descriptive 
step-by-step manual — you have a full performance logic 
probe. 
With it, the logic level in a digital circuit is indicated by light 

from the Hi or Lo LED; pulses as narrow as 300 nanoseconds 
are stretched into blinks of the Pulse LED, triggered from 
either leading edge. You'll be able to probe deeper into logic 
with the LPK-1, one of the better tools from GSC. 

-  -‘;• 
Complete, 
easy- to- follow 
instructions 
help make this a 
one-night project. 

GLOBAL SPECIALTF_S CORPORATION rem NE me m um m mu NE um No m = Ns m m ow ion ou 

M  I 

GLOBAL SPECIALITIES CORPORATION. DEPT 14Z 

.  Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex. 

.  Name   

Address   

I  l Inc P&P and 15'. VAT I enclose cheque/ 
1  LPK-1 £15.52  Po for  f   
.  Phone your order vxdh Access. Barclaycard 

il  or Amencan Express  Card No.  .  Expory date 

Ell MI N 111 M E MI N M E MI .1. M N M il =  MN BM = I= M  =  MN .111 ill 
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131-PAK BARGAINS 

5121 SCREWDRIVER SET 
6 precision screwdrivers in hinged plastic 
case Sizes - 0 8 1 4 2 2 4 

2 9 and 3 8mm  £1•75  

5131 NUT DRIVER SET 
5 precision nut drivers in hinged plastic case 
With turning rod 

21.76 Sizes - 3. 3 5 4 4 5 and 5mm 

5141 TOOL SET 
5 precision instruments in hinged plastic case, 
CrOsspoint (Phillips) screwdrivers 
H and H 1 Hex key wrenches 
1 5 2 and 2 5mm £1.76 

5151 WRENCH SET 
5 precision wrenches in hinged plastic case 
Sizes - 4. 4 5 5 5 5 and 6mm 21.75 

BUY ALL FOUR SETS 5121-5E51 and get , 
HEX KEY SET FR55  - -' 
HEX KEY SET ON RING 

Sizes 1 5. 2 2 5 3 
4 5 5 5 and 6mm 
Made of hardened steel 
HO/1 £1.25 

BI-PAK PCB ETCHANT 
AND DRILL KIT 
Complete PCB Kit comprises 

1 Fade Mini Drill 10 00ORPIA 12v DC inCi 3 
colletS 8 1 xlmm Twist bit 
1 Sheet PCB Transfers 210mm x 150mm 
I Etch Resist Pen 

1/2 10 pack FERRIC CHLORIDE crystals 
3 sheets copper clad board 

1 sheets Fibreglass copper clad board 
Full instructions for making your own PCB 
boards 
Retail Value over £15.00 

OUR BI-PAK SPECIAL KIT PRICE £11.75 
OR(If R NC SX81 

4., 

BI-PAK SOLDER  \ \\ 
DESOLDER KIT 
•, comprises  ORDER NO SX80 

I High Qualify 40 watt General Purpose 
Lightweight Soldering Iron 240v mains Inc 
3/16" (4 7mm) bit 
1 Quality Desoldering pump High Suction with 
automatic ejection Knurled anti-corrosive 
casing and teflon nozzle 
1 5 metres of De-soldering braid on plastic 

dispenser 

2 yds (1 83m) Resin Cored Solder on Card  t 
1 Heat Shunt tool tweezer Type 
Total Retail Value over £12.00 
OUR SPECIAL KIT PRICE £8.55 

SEMICONDUCTORS FROM AROUND THE WORLD 

100 

eikek, 

A Collection of Transistors Diodes Rectifiers Bridges SCR 
lilacs IC s both logic and Linear plus Opto s all of  1 0 0 
which are current everyday usable devices 

Guaranteed Value over CIO at Normal Wait Price 

yours 
lo, £4' 0 0 .!a etc in 

• ler No SX56 
• 

EXPERIMENTOR 
BOXES - ALUMINIUM - 
PLASTIC 
ALUMINIUM BOXES 
Made with Bright Alurri  ' 
construction with deep lie and sc•ews 
SIZE 'L.  W  H  Order No  Price 

55. Pk  1 Yr  159  83p 
4  21/4 145  161  83p 
4  2 Va 2  163  83p 
3  2  1  164  57p 
8  6  3  166  £1.58 
6  4  2  167  £1.12 

All measurements for boxes are shown in inches I 

"IRRESIS TABLE 
REELS TOR BARGAINS" 

Pai  Ora  Clasenebew 
Pm. 

SX10 

_00  4,1  type Resrstovs SOIl  'o  CI 

ResistorsSall watt Caibon  

7. wart Carbon Resistors 
5013  ZOO  wan Carbon Resistors SXI4 

150  waft Resistors 12 ohm 
/m2 Moved 

SX15  100  I and watt Resistors?? 
ohm Zr? Moved 

Paks SX1115 contain a range of Carbon Film Resistors 
El of assorted values from 1101ms to 1 mei Saw 

cover your prole(  N Pounds on these resistor paks and nave a full range to 

Quantities approximate rru,n, h v worohr 

MOTOROLA PIEZO 
ELECTRIC TWEETER 
Maximum Ratings 
25 volts rms which is equal to 
200 watts across 4 ohms 
100 watts across 8 ohms 
50 watts across 16 ohms 
BIETAK SPECIAL OFFER PRICE £4.85 
ORDER NO 1907 

DOME TWEETER 
Dome tweeter for systems up to 50w 
Impedance 8 ohms 
Frequency Response 2000-20.000Hz 
Dims 98mm diam a 31mm deep 
Our Price £2.55 DM T200 

El 
El 
El 

El 

Plastic Boxes 
JU'e0 Black Close fining 

Flanged Lid fixing screws into brass bushes 
SIZE 'L  W  H  Order No  Price 

4  2  1  141  £1.00 
49. Ph  1Yr  143  £1.30 
6  3 V. 2  144  £1.50 

Plastic as above but with aluminium top pane 
4  2 )ir 1  106  £1.40 

Plastic sloping front 

5'S 4 Vs 2 V. 
Slope 
to 
1 Va  148  £2.14 

Length W = Width H = Height 

CAPABLE 
CAPACITOR PARS" 

paa No  08. 
5116  250 
S111  700 

Sill 
S119 
S120 

5121 

5estooto'  CI 
Wired lyPes 

100  CeramiLu :aListo rispiMSiniagliureMixed   ELI  

bi, 
100 
100  Mixed 

ueb feiamics6801 0,5mi  [Eli 

60  assoows Polyester- ne 
Polystyre 

Capacitors 
Mixed C280 type TaPK.1015  
metal foil 
tlectrolytics all sorts 

S122  100 Qualitv I lectrOTIPTs 5123  50 
50 1000 mt 
tanta lum Beads mixed 

51.24  ZO  .  nt b, beight 
,es approsimar e cou 

f.1 
CI 

CI 
El 

11-1 

Consumption 
Size 
RANGES 
DC Voltage 0-200mV 
0-2 20 200 1000V Act 08% 
AC Voltage 0 200 10000 
Ace 1 2% DC Current 0-200uA 
0-2 20-200mA 0-10 A Acc 1 2% 

BRAND NEW LCD 
DISPLAY MULTITESTER. 
RE 188m 

LCD 10 MEGOHM INPUT IMPEOANCc 
• 39, digit '16 ranges plus hFE test facility 
PNP and NPN transistors •Auto zero auto 
polarity •Single- handed pushbutton 
operation 'Over range indication '12 5mm 

I'S-inch) large LCD readout • Diode check 
•Fusl circuit protection •Test leads battery 
and instructions included 
Max indication  1999 or - 1999 
Polarity indication Negative Only 

Positive readings appear 
without ± sign 

input impedance  10 Megohms 
Zero adiust  Automatic 
Sampling time  250 milliseconds 
Temperature range - 5°C to 50°C 
Power Supply  1 a PP3 or equivalent 9V 

battery 
20mW 
155 a 88 a 31mm  1 

" - 

Resistance 0-2-20 200K ohms  
0-2 Megohms Acc 1% fo4 a .-BI-PAK VERY LOWEST POSS PRICE 

f3 5.00. • 

TheThird and 
II Fourth Hand... 
i 

out have never got untrl now 
this helplul unit with Rod mounted 

horizontally on Heavy Base Crocodile clips 
attached to rod ends Six ball 8, socket pints 
give infinite variation and positions through 

360° also available anached to Rod a 2'0 chair 
magnifier giving 2 5 x magnification Helping 
hand unit available with or without magnifier 
Our Price with magnifier as illustrated ORDER 
NO 1402 £5.50 

0111nOul  r Ler ORDER  f 4.7 5 

AUDIO PLUGS, SOCKETS 
AND ACCESSORIES 

25 roPZef gi';'411;cci',Z:76'.;""'''' 
Speakers Phono lack Stereo and Mono etc etc Valued at well over E3 normal Order No Mono 

Our Price I I 50' ow oak Guaranteed to save you money 

5.126 j Prs pl 6 pin 240 DIY Plum and Chassrs 
Sockets 

sue  100 Silicon NPN transistors -ail perfect 
Coded mired types with data and but 

5839  sheet No reiecls Real value  CI.50 

100 Silicon PhP hansisfor s-all perfect 
Coded mixed types olth data and sow 

sheet No reiects Fantastic value  12.50 

50o 

TECASBOTY 
the Electronic Components and Semiconductor Bargain of the Year A host of Electron. 

components including potentiometers  rotary and slider presets - horizontal and vert,..i 
Resistors of mixed values 22ohms to 2M2 - 1 8 to 2 Watt A comprehensive range of 
capacitors including electrolytic and polyester types plus disc ceramics etcetera 
Audio plugs and sockets of various types plus switches !uses healsinks. wire nuts bolls 
gromets cable clips and !yes knobs and PC Board Then add to that 100 Semiconductor, 
to include transistors. diodes. SCR's oplo's all of which are current everyday usable devices 
all a Fantastic Parcel No rubbish all identifiable and valued in current catalno  v 00! 
,er i 25 00 Our Fight Against Inflation  Price -  

heal the Budget 
A'  Mlin Depression JUST £6.50. 

0 no SX 85 

BI-PA K Sand iglu, orders to Dept HER BI PAC PO 800 6 WARE RENTS 
SHOP AT 3 BALDOCK ST WARE HERTS 
TERMS CASH WITH ORDER SAME DAY DESPATCH ACCESS 
BARCLAYCARD ALSO ACCEPTED TEL l0920I 3182 GIRO 388 7008, 

• ADD 15% VAT AND 50% PER ORDER POSTAGE AND PACKING 

Silicon NPN'I: TypeTransitors 
PlaSlii. ,_entre cl limo, 
BC18,21  1831 - 1841 

. L+.1 45 VLF° 30 IC200mA Mte 100-400  v 

ALL deflect devices  uncoded ORDER AS SX1831 
''“  inn Ai  5pg 011  i000 Oti 

Cl 50 £2 50 £10.00 £17.00 

PNP SILICON TRANSISTORS: 
Similar /TX500  110214 - E -Line 
VCEO 40 VCBO 35 X 30OrnA Me 50-400 

Brand New  Uncoded  Perot Devices 

£2 00 £3.50 £15 00  £25 DO 

1 Amp SILICON RECTIFIERS 
Glas,  r,400i IN4004 
50  .  •  tor VLIS 
ALL perfect desk es  NU duds Min 50v 
50 los £1.00 - worth double ORDER NO Sx76 

Silicon General Purpose NPN TranSii0fS I0-18 Case 
Lock hi leads  coded CV7644 Similar lo BCIIT 
BCI07 PBS ALL NEW' VCE /On IC500mA 

ffte 75-250 50 on 'Oc on  500 on  100o on 
PRICE £2.00 £3.110 £17.50 £30.00 

Order as CV7644 

Silicon Generai Purpose PNP Transistors 10•5 Cane 
Lock lit leads coded CV9507 simdar 291905A to 
131030 VC 60 IC 600mA Alin tile 50 ALL NEW' 

50 oft  100 oft  500 oh  1000 off 
PRICE 12.50 £4.00 £19.00 £35.00 

Older  CV9507 

Use your credit card Rini us on Ware 31821101S and 

(it  44o, nen faster Goods normally sent 2nd 
Gass Marl 
Rementef you must 061102 at 15% to year ceder 
Tour Postage au 50o Pa' Tot/10,5 s' 
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• Feature 

INSIDE 
COLOUR TV 

Interested in how a colour TV works? Want to know what 
makes it tick? This special feature by guest writer Don Keithley 

explains all. 

MOST of you will have read the article (if 
not, why not?!), 'How A TV Receiver 
Works', in the December 1981 issue of 
Hobby Electronics, so you will know 
how a black and white TV works. As 
you'll soon see, colour TV uses all the 
principles used for black and white TV so 
you must understand those first. 
Briefly, then, you should recall that a 

black and white TV scene is made up 
from lots of separate lines (625, in the 
British TV system) on the face of a 
phosphor-coated tube. The lines are 
made by guiding an electron beam from 
an electron gun across the inside surface 
of the tube. Controlling voltages applied 
to the electron gun, and to its deflection 
coils, tell the beam where to point and 
how many electrons to send in the beam. 
As the electrons hit the phosphor, 
energy is given off in the form of light and 
the greater the number of electrons, the 
brighter the light. 
Using these very same principles, we 

can make a colour TV, because the light 
given off by the phosphor doesn't have 
to be white (as it is in a black and white 
TV tube) — it can be red, green, yellow, 
pink, blue, orange, brown, turquoise, or 
any colour we want it to be. All we re-
quire is a selection of different coloured 
phosphor spots (say, 10) arranged in 
groups on the TV screen. All we have to 
do after that is to fire a beam of electrons 
at the right coloured phosphor spot 
within each group and hey presto, we 
have a colour TV. 

It's Not That Easy 
Unfortunately, there are some impossi-
ble problems with such a colour TV 
system. For instance: 
• If the picture is to be in sharp focus 
the groups of phosphor spots will 
have to be very small — in fact, each 
group must occupy about the same 
space as the gap between lines on the 
screen, ie 1/625th of the screen. This 
means that each spot will be about 
1/10th of this size — but this is too 
small to be accurately manufactured. 

• Not only would it be impossible to 
manufacture such a tube, it would 
also be impossible to focus the elec-
tron beam on to the correct coloured 
spot in each group. Blurring of colours 
would occur, with greens becoming 
blues, reds becoming browns, etc. 
etc. 
• Even if the gods were on our side 
and we were able to produce such a 
tube, and even if we could focus an 
electron beam to the required 
accuracy, there would still be another 
impossible bridge to cross — can you 
imagine just how complex the con-
trolling voltages would have to be? 
The beam would have to be accurate-
ly positioned on one exact spot in one 
exact group of dots; the number of 
electrons fired in the beam would 
have to be specified, the beam would 
have to be fired, then stopped. then 
moved on to the next group and the 
whole process started again — for 
every group on the TV screen. All-in-

all, the controlling voltages applied to 
the electron gun and its deflection 
coils would be so complex that to 
transmit them over the air would re-
quire far more air-space than there is 
to spare! 
• We must also consider the people 
who won't have colour TV, because a 
black and white TV won't be able to 
produce a picture from such a colour 
signal (and vice versa) so two com-
pletely separate systems would be re-
quired, one for black and white and 
one for colour. 

As you'll have guessed by now, this col-
our TV system is not the one for us. So 
what do we do? How do we make a bet-
ter system? One which is technically 
possible to build, doesn't use any more 
valuable air-space, and which we can 
use alongside the existing black and 
white system without the two interfer-
ing. Let's go back to basics and find out 
just exactly what 'colour' is and perhaps 
that will give us the answer. 

WHITE 
LIGHT 

RAIN-LOADED 
ATMOSPHERE 

CLOUDS 

RED 
ORANGE 
YELLOW 
GREEN 
BLUE 
INDIGO 
VIOLET 

Figure 1. One of the most natural sources of colour is a rainbow. White light from 
the sun, refracted through a rain-loaded atmosphere, breaks-up into seven colours. 
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Feature 

Mother Nature 
Colour is a natural phenomenon. You've 
only to look at the green grass, the blue 
sky, or the flowering yellow daffodils to 
see that. Take the example of a rainbow 
— it's a natural phenomer on, too, but 
believe it or not a rainbow can be used to 
show the main principle of colour TV. 
A rainbow is formed when light from 

the sun (white light, that is) shines 
through an atmosphere loaded with 
minute rain particles. Rain particles 
refract the white light lie bend it) and 
literally break it up into the seven colours 
of the rainbow: red; orange; yellow; 
green; blue; indigo; violet (Figure 11. 
The rain-loaded atmosphere acts as a 

prism, similar to the glass prism used in 
the simple classroom physics experi-
ment. What that experiment proves is 
that the colour which we call 'white' is 
simply a combination of other colours. 
Theoretically, it should be possible to 
combine the seven colours of a rainbow, 
or from a prism, back into white light 

..,0 umiii, .. sobs  F viEw15 E a TUNE S . . .211111-11  

11  pm  IXITelupial NMI*  

.NITILT I I /401111CIE  Tv arid IMO TO vlUll 
. alN1-11, 

ImiCTIMal  . .S W01  Ntytems . • . •IIMMII 
spaRys e memom  

riii. jams.  a li 
.4YRIIr LAMM  M b  INC 114111MING   

with another prism. 
Figure 2 shows how seven colours 

can be used to create white light but, 
given the right conditions, we find that 
we can get white light from only three 
colours, red, green and blue. These three 
colours are called primary colours. The 
interesting thing is that white light is 
created by the three primary colours only 
when they are in the correct proportion: 
if the proportions differ, then a non-
white colour is created. By controlling 
the proportion of primary colours, then, a 
very wide range of non-white colours 
can be created. 
We can show the range of colours ob-

tained with the three primary colours of 
red, green and blue in what is called a col-
our triangle (Figure 3), where each cor-
ner of the triangle corresponds to a pure 
primary-coloured light. Each point inside 
the triangle represents a different 
perceived colour. White light, at the 
point of equal primary strengths, is at the 
centre of the triangle. 

VIOLET 

ARTIFICIAL RAINBOW 
CREATED BY 

REFRACTION OF WHITE 
LIGHT THROUGH GLASS PRISM 

WHITE LIGHT 

WHITE LIGHT 

Figure 2. Using a glass prism to create an artificial rainbow from white light and 
another prism to recreate the white light from the seven colours of the rainbow. It 
would make a good LP cover! 

You can see from this that we can 
now make a colour TV with a tube which 
has only three coloured phosphor spots 
— and not the ten coloured spots of our 
first example. Manufacturing such a 
three-colour tube is complex, but not im-
possible. The coloured spots in the tube 
are arranged in what are called triads lie 
groups of three), so that each spot has 
one of a different colour next to it. When 
colour TV tubes were first made, these 
triads consisted of circular spots, as 
shown in Figure 4a, but later designs 
have rectangular spots as in Figure 4b. 
There are only a few spots shown in 
Figures 4a and b but, in reality, a colour 
TV tube contains many hundreds of 
thousands. 

Implications 
The use of only three coloured spots 
means that, to get any non-primary col-
our, more than one spot in a group will 
have to emit light at the same time. To 
cope with this requirement, more than 
one electron gun is needed — three, in 
fact — arranged to fire separate electron 
beams at each spot in a triad. The elec-
tron guns which fire the beams are called 
red, blue and green guns, not because 
they fire red, blue and green electrons, 
but because they are aimed at red, blue 
and green spots. 
Obviously, the red beam in a colour 

TV tube must hit only the red spot of a 
triad; similarly, the green beam must hit 
only the green spot and the blue beam — 
the blue spot. Any cross-over of electron 
beams, causing the wrong coloured spot 
to emit light, would mean that the wrong 
colour will be emitted and the overall TV 
scene displayed on the tube will be incor-
rect: can you imagine blue grass, yellow 
sky or perhaps pale green people? This is 
prevented by inserting a metal plate bet-
ween the tube's screen and the electron 
guns. In the plate are small holes or slots 
(one at each triad), which make sure 
each coloured spot is hit only by the 
beam from the same colour gun. The 
plate is accurately positioned so that 
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• Inside Colour TV 

each beam is cut-off or 'shadowed' from 
the other two spots of the triad and thus 
they can never emit their colour when a 
different beam is fired. Figure 5 shows 
such a plate (called a shadow mask) and 
the three electron guns firing beams at 
the spots of a triad. 
Also shown in Figure 5 are the con-

vergence coils which allow the individual 
electron beam to be adjusted so that, at 
any one time, they all hit the same triad 
of spots. If the beams hit spots of the 
wrong triad, the scene displayed by the 
tube will have a blurred, out-of-focus 
appearance, especially in areas of sharp-
ly contrasting colour changes. By alter-
ing the current through the convergence 
coils, the magnetic fields around them 
change and hence the deflection of each 
electron beam can be minutely adjusted 
until they all hit the same triad. When this 
is true, the tube is said to be correctly 
converged. 
So — we know how a colour TV tube 

works: the question now is — how do we 
actually transmit and receive the con-
trolling voltages which drive the guns in 
the tube? Remember that our aim is to 
produce a colour TV system which 
doesn't interfere with the existing black 
and white system — the two must be 
compatible! Well, once again we find the 
answer is to go back to basics, this time 
to find out just what the actual dif-
ferences between 'black and white' and 
'colour' are. 

Mono And Chrome 
A black and white (monochrome) scene 
consists only of brightness information, 
called luminance. We only see the 
'greyness' of any particular part of that 
scene; if part of the scene is very bright 
we'll see it on the screen as light grey, or 
perhaps white; if a part is very dark we'll 
see it as dark grey or perhaps black. 
Colour scenes possess luminance in-

formation too — we can always tell how 
bright a coloured object is — but they 
also have chrominance. Chrominance is 
the 'magic' ingredient which defines the 
actual colour of an object. It's interesting 
to note that, although human eyes can 
detect the two different sorts of visual 
information, some animals' eyes can't. 
Cattle, for example, can't 'see' 
chrominance information (their eyes 
simply do not respond to the frequencies 
which make up 'colour'). They can only 
see in black and white! It's the same 
thing with TV: a black and white TV 
transmitter doesn't use chrominance in-
formation and so the receiver can only 
display a black and white picture; a col-
our TV system uses both luminance and 
chrominance information and thus can 
display the scene in colour. 
What we have to ensure, though, is 

that we can transmit both luminance and 
chrominance without the chrominance 
information  interfering with the 
luminance. As long as this is so, black 
and white TV and colour TV systems will 
be compatible and both types of TV 
receiver will display a picture from the 
same transmitted signal. 
A convenient way of studying a 

system's waveform (such as that in a 
black and white TV) is to look at its spec-
trum. Special machines, known as spec-

GREEN 

BLUE 

EACH CORNER OF THE TRIANGLE 
REPRESENTS A PURE PRIMARY 
COLOUR 
ANY COLOUR WITHIN THE TRIANGLE 
IS MADE UP FROM A COMBINATION 
OF THE THREE PRIMARY COLOURS 
- ONLY THEIR RATIOS CHANGE 
ANY COLOUR IS STRONGEST AT THE 
EDGE OF THE TRIANGLE BUT GETS 
PALER TOWARDS THE CENTRE 

RED 

Figure 3. A colour triangle. Every colour that can be shown on a TV screen 
can be located in a colour triangle. 

( a ) 

Figure 4. Colour triads of phosphor spots; (a) how triads were originally 
made; (b) the more usual form in use today. 

b 

 ̂

trum analysers, can be used to find out 
the size of the signal present at any fre-
quency and display it (much like an 
oscilloscope displays a simple wave-
form) on a cathode ray tube. A typical 
spectrum, which could be obtained from 
the screen of a spectrum analyser, of a 
black and white TV signal is shown in 
Figure 6. Any other black and white TV 
signal would be similar. In the spectrum, 
you can see the band of frequencies 
which holds the luminance information, 
corresponding to the number of lines per 
screen, the position of the electron beam 
on the screen, and the brightness of the 
beam at any time. You can also see the 
narrow peak, at a frequency of + 6 MHz, 
which is used to send sound information. 
The information transmitted for sound is 
a lot less than that for luminance, hence 
the sound peak is a lot narrower than the 
luminance curve. 
Darker luminance information, eg 

dark grey and black, is transmitted on the 
lower end of the luminance curve while 
lighter information, eg light grey and 
white, is transmitted on the upper end. 
You'll appreciate from the curve that 
much less 'lighter' information is needed 
in a black and white TV picture than 
'darker' information. 
If we were to look at the spectrum of 

only the chrominance information of a 
colour scene, we would find it much 
smaller (about 1 /5th) than the scene's 
luminance information. It is this fact 
which enables us to transmit the two 
types of information, together, without 
interference. The possible spectrum of a 

colour TV signal is shown in Figure 7 and 
the differences between it and the 
previous spectrum are obvious. The 
peak holding the chrominance informa-
tion is at a frequency which, on the 
previous spectrum, would have been 
slap bang in the middle of the upper slope 
of the luminance curve. In the colour 
spectrum you'll see that the upper 
luminance slope has been taken back a 
bit so that the chrominance peak doesn't 
interfere with it. If you remember, the 
upper end of the luminance curve con-
tains the information of lighter parts of 
the TV scene, so all we've done in com-
bining luminance and chrominance into 
one TV signal is to reduce the overall 
brightness of the received picture — a 
colour TV scene is, therefore, slightly 
darker than the same scene transmitted 
in only black and white. To a large ex-
tent, a user can compensate for this by 
turning up the brightness control: so the 
lack of brightness information isn't 
regarded as a serious deficit. Hence, a 
colour TV system is compatible with a 
black and white TV system and the two 
can run side-by-side without in-
terference. 

Colour Sums 
The way in which chrominance is added 
to the luminance signal to produce the 
complete colour signal is interesting. 
There are three gun signals as well as the 
original luminance signal, so theoretical-
ly there should be four separate signals. 
However, because of a mathematical 
relationship between the chrominance 
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and the luminance signals of any colour 
TV scene, the number of signals actually 
transmitted is reduced to three. If you 
remember, the three primary colours - 
red, blue and green - can be added 
together in the correct proportions to 
produce white light. Similarly, by keep-
ing the proportions identical but varying 
the three guns' controlling voltages, 
grey light can be made. By turning all 
three guns off, 'black light' is produced 
too. By keeping the proportions the 
same, you see, we have in effect made a 
black and white TV out of a colour TV. 
We can state this mathematically: 

xR + yB + zG = L 

where: R, B and G are the controlling 
voltages of the three guns and L is the 
effective luminance signal voltage which 
would be applied to a black and white TV 
gun to produce the same scene; x, y and 
z are the colour proportions required for 
the condition to exist. Because the pro-
portions are parts of a whole, then x + y 
+ z must equal 1. 
Now, in order that a black and white 

TV can produce a black and white picture 
from a colour signal, we know that the 
luminance signal, L, must be transmitted 
unaltered. But instead of duplicating the 
information (which we would be doing if 
we transmitted the three colour signals 
as well) we use a clever bit of maths to 
reduce the number of colour signals: we 
can send only two colour difference 
signals along with the luminance signal. 
The three colour difference signals are: 

R - L; B - L; G - L. 

Now, from the luminance signal already 
sent in a black and white signal, and two 
of the colour difference signals (say, R - 
L and B - L), the third colour difference 
signal IG - LI can be calculated. From 
the above equation we know that: 

xR + yB + zB = L 

And we know that x + y + z = 1, so: 

xR + yB + zG = (x + y + z)L 

Expanding the bracket: 

xR + yB + zG = xL + yL + zL 

So: 

xR - xL + yB - yL + zG - zL = 0 

Grouping (you'll see the cOlour dif-
ference signals appear now): 

x(R - L) + yIB - LI + zIG - Ll = 0 

So, if we know two colour difference 
signals IR - L and B - Ll, the third: 

G - L = - x IR - LI - y IB - LI 

This can all be accomplished elec-
tronically by a circuit, known as a colour 
matrix circuit. You can buy them, 
nowadays, on a single integrated circuit. 

BLUE GUN 

GREEN GUN 

RED GUN 

CONVERGENCE COILS 

SHADOW MASK 

SCREEN 

GREEN SPOT 

BLUE SPOT 

RED SPOT 

Figure 5. How a shadow mask makes each colour-beam strike a spot of its 
own colour; you will appreciate the shadow mask needs to be very 
accurately positioned. Also shown are convergence coils to position all three 
beams on to the same triad of spots, at any one time. 
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Figure 6. A spectrum of a black and white TV signal showing luminance 
curve and sound peak. 
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Figure 7. A colour TV signal spectrum. The luminance curve is reduced to 
allow inclusion of the chrominance peak. 

With the aid of a colour matrix IC all the 
TV has to do is receive the luminance 
signal along with two colour difference 
signals and the third colour difference 
signal is automatically produced. The TV 
can then display the complete colour pic-
ture. 
And there you have it; a colour TV 

system can be made using the same prin-
ciples which a black and white TV 

system uses - plus just a few more, of 
course. We've looked at how the 
transmitted colour signal differs from a 
black and white signal, and from this, 
we've seen how the two TV systems 
can run together at the same time, 
without interference. It's all quite simply 
really, isn't it? 
Roll-on 30 TV! 

HE 
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MASTER ELECTRONICS W W1 
The PRACTICAL way! 

This new style course will enable 
anyone to have a real understanding 
of electronics by a modern, practical 
and visual method. No previous 
knowledge is required, no maths, and 
an absolute minimum of theory. 
You learn the practical way in easy 

steps mastering all the essentials of 
your hobby or to start or further a 
career in electronics or as a self-
employed servicing engineer. 
All the training can be carried out in 

the comfort of your own home and at 
your own pace. A tutor is available to 
whom you can write personally at any 
time, for advice or help during your 
work. A Certificate is given at the end 
of every course. 

You will do the following: 
•Build a modern oscilloscope 
•Recognise and handle current electronic 
components 

•Read,draw and understand circuit diagrams 
•Carry out 40 experiments on basic 
electronic circuits used in modern 
equipment 

•Build and use digital electronic circu ts 
and current solid state 'chips' 

•Learn how to test and service every type 
of electronic device used in industry and 
commerce today. Servicing of radio, TV., 
Hi-Fi and microprocessor/computer 
equipment. 

NeweJob?NewCareer?NewHobby?GetintoElectronicsNow! 
!FREE! 

!f 

I .r. TO 
LB111  National Radio &Electronics School Reading,Berks.RG17BR I 

Please send your brochure without any obligation to 
NAME 

ADDRESS 

am interested in: 

I  I COURSE IN ELECTRONICS 
as descr ibed above 
RADIO AMATEUR LICENCE 

OTHER SUBJECTS MICROPROCESSORS 
LOGIC COURSE 

BLOCK CAPS PLEASE 

ITUMRos. 
SAFGAN OSCILLOSCOPES— 5 mV/div sensitivity. Choice of Band-
width 10, MHz, 15 MHz. 20 MHz. 1S/div-100n S/div. Calibrated 
timebase. Solid trigger with bright line auto, normal and TV 
86 facility 7 modulation. Calibration output Bright and clear 
display Portability •Model 07410-10 MHz £20525  6.00 cur. 
Model OT415-15 MHz £217.35 • 6.00 cart • Model 01420 20 MHz 
£228 85 • 6.00 CUE  Send S.A.E FOR FULL spec 

THANDAR PDM35 3', DIGIT LLD. DIGITAL POCKET MULTI— 
METER • DC volts (4 ranges) 1mV ID 10008 • AC volts 18 to 500V 
• DC current (6 ranges) 1nA to 200MA Resistance (5 ranges) 1t2 
Is 20 meg 02 £39 95 • AC adaptor £5 95 • carrying case £3 65 
• MI41604 Battery £1 57 

THANDAR TM35I 3', DIGIT LCD DIGITAL POCKET MULTIMETER 
• DC volts 1 mV to 1000V • AC volts 1V to 500 V AC rms•OC current 
Lira to 2A •Resistance luta 2 M (2 Diode checks Basic accuracy' 
(0.75% of reading • 1 digit)• Battery life typically 2000 hrs • leads 
inc • £45 94 • 40KV Probe £34 95 .Universal test lead set £12.95. 

THANDAR TM352 3', DIGIT LCD DIGITAL POCKET MULTIMETER 
• DC volts- 100,(V to 10008 • AC volts IV to 10008 • DC current: 
100 nA to 108 • Resistance 10 to 2 Al (/.Diode check •hFE 
measurement • Audible continuity check • Basic accuracy 
(0.5% of reading • 1 digit • Battery life 150 hrs  •£57.44 inr. 
leads • Battery • Universal test lead set £12.95 
• 40 KV probe £34 95 

THANDAR SC110 SINGLE TRACE LOW POWDER 2" 
OSCILLOSCOPE • Bandwidth DC to 10 Mhz • Sensitivity- 10mV/ 
My to 50 V /div • Sweep speeds- 0 1/u secs / div to 0.5 secs/div. 

• .1  Power requirements 4-10 V DC 4 'C' cells Size & weight 
-1.• 255.150.40mm 800gms £159 85 a truly portable and superb 

instrument • Carrying case £8.86. AC Adaptor £5.69 • Nicad Batt. 
pace £8.63 • • 1 probe £9.78 • • 10 probe £11.50 Complete range of 
Thandar instruments available from stock S.A.E. for CAT. & prices,  IISA 

,111111111111 

ELECTRONIC COMPONENTS AND 
TEST EQUIPMENT 

35. HIGH BRIDGE, NEWCASTLE 
UPON TYNE NE11EW TEL: 0632 326729 

6_S C. SOLOERLESS BREADBOARDS •Accepts all components with 
leads up to 033- •Replaceable nickel-silver spring clip contacts. 
• Combines bus strip with board • Unlimited expansion • 3" and -6" 
centre chanels • Three free experimental circuits with every purchase 

Centre  Stop  Strip  Tie  Term  i.c. 
Channel  Length  Width  Points' CI ips  Cpty  .Price 

EXP-600  15mm  I52mm  filmm  550  110  328pm £ 25 
EXP-300  eMrn  152mm  53min  550  110  614pin  ifi 62 
EXP-413  n/a  152mm  25mm  160  32  n/a  £2.65 
EP-650  15mm  91mm  filmm  270  54  140pin £14 
EXP-350  Bmm  91mm  53mm  270  54 314pin  £3.62 
EXP-325  8mm  48mm  53mm  130  26 122pin  it 84 
Please send SAE for catalogue listing complete range of G S C 
Instruments and Boards 

SABTRONICS LCD MULTIMETER MODEL 2033. .DC volts 100 ut/-
10008 Accuracy  5' • AC volts 100 A-1000 V Accuracy 7 11/0 
• DC current 10,bA-28 Accuracy ti 1% •AC current 10AA-28 Accurai 
' 1% • Resistance 10710 MI! Accuracy  1% • £42.27. • Please 
send 30p for full Sabtronic catalogue and price list 

TMK 500 MULTIMETER •30 kopv •AC volts 2 5 10 25 100 250 
500 1000V • DC volts 0 25 1 2.5 10 25 10 25 100 250 1000 .DC 
current 50Ara 5MA 50MA 12 amp • Resistance 0-6K 60K. 60 meg. 
• Decibels -20 to 56 d/b • Buzzer continuity test • Size 160-110 
• 65 • Batteries and leads inc. £26.95 

VN360 TR MULTIMETER • AC volts 10 50 250 1000 *DC volts 
0.1. 05. 25, 10v 150v 250v. 1000v. • OC current 50,ua 2.5 MA. 
25MA, 250 MA • Resistance 0-2K 20K 2M 12 20 M02, • Transistn• 
check • DB -10db  • 22dh £16.95 

4   DESOLDERING TOOL £6 45 

SCHOOLS COLLEGES. UNIVERSITIES SUPPLIED PHONE OR 
SEND YOUR ACCESS OR BARCLAYCARD NUMBER 
PRICES INCLUDE VAT PLEASE ADD 75p POSTAGE TO 
ORDERS UNDER £10 00 
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As a result of our constant search for 
ways to make life easier for our 
readers, we have changed the format 
of the project pages. One of the 
changes was to remove the ubiquitous 
Buylines boxes, in favour of a single 
source-and-supply page — yes, this is 
it! 

Dual Engine Driver 
There are only a couple of unusual 
items in the project, as it was 
constructed using 'bulk-buy' parts. The 
2.5 watt resistor is supplied by 
Electrovalue (74 EV series, who could 
be used as a source for the remaining 
components, thereby saving on 
postage costs! Otherwise the 
wirewound pot may be bought from 
Maplin (250 ohms instead of 200 
ohms), and the transformer from 
Watford (15 volts, centre tapped). 
All the LEDs and other 

semiconductors are available from 
Technomatic, who specialise in these 
particular components. The case used 
for the prototype was from BICC-Vero, 
who also supply other designs — it's 
well worth sending off for their 
catalogue ("Hobby Herald"), which is 
free on request. 

Capacitance Meter 
Most of the components used in this 
project are easily obtained. 
The displays must be of the 

common cathode type, and 0.5 inch 
size to fit the PCB; they can be bought 
along with the CMOS ICs from 
Technomatic. 
The normal type of rotary switch 

comes set for its maximum number of 
positions; these will have to be reduced 
to four, via the retaining clip. Also, care 
must be taken when handling the 
CMOS ICs, so as to prevent accidental 
damage. If you are not using sockets, 
then a low leakage soldering iron is 
essential — a suitable type is being 
offered as part of a package by 
Litesold, who advertise in this 
magazine. 

Signal Tracer 
There should be no trouble in obtaining 
the components for the tracer, 
especially since there are only around 
twelve of them! The BC 650 is a 
special low noise type, but should be 
fairly easy to buy — Magenta have 
assured us that they will be getting 
some in. 

Bike Alarm 
If you wish to avoid the hassle of 
shopping around for individual 
components, then Magenta Electronics 
are the people to contact. Not only will 
they send you a complete kit, they can 
also supply any of those hard-to-find 
items to supplement your usual 
sources. 
If you wish to buy from separate 

suppliers, then the capacitors and tilt 
switches, along with the 7611 CMOS 
op-amp, are contained in the RS 
catalogue. However, since they only 
supply to the trade (as so many of you 
have written to tell us!) you would be 
advised to contact Crewe Allan Et Co. 
Ltd. at 51, Scrutton Street, London 
EC2A 4PJ; they can supply any of the 
components advertised by RS. 
The transistors and CMOS timer 

(7555) are also available from Watford 
Electronics and the miscellaneous 
hardware from Maplin. Other items, 
termed as extras, can be bought from 
Electrovalue, whose catalogue is well 
worth getting hold of. 
As a guide to the price of this 

project, take a look at Magenta's 
advertisement — bearing in mind that 
this is for a complete kit. 

Now for the next big date in the 
CB calendar... 

MARCH 19-21 1982 - ROYAL HORTICULTRAL HALLS LONDON 

Britain's Leading CB Monthly 

PRESENTS THE 

1982 National Citizens' Band Show! 
TRADE/PRESS PREVIE W — MANUFACTURERS — IMPORTERS — W HOLESALE 

— RETAIL — ACCESSORIES — PUBLICATIONS 

Advance details, floor plans and booking 
forms are now available. There are some very 
special terms for 'early bird' company's who 
reserve their stands — quickly! This is your 
chance to display, demonstrate and Sell your 
products to the national CB audience both 
trade and public. 

FULL DETAILS PHONE OR SEND COUPON 
TO: ROY PERRYMENT Citizens Band 
01-437-1002 

11 = 

Return to: Roy Perryment — Advertisement Manager — 
Citizens Band Magazine, 145 Charing Cross Rd, London 
WC2H OEE. Please send all available show information to: 

Messrs   

Tel:   

L Our products are•  

Hobby Electronics, April 1982  21 



II 
111111111 
• hid 

Something to say? Let's hear it. 

Hobby Electronics' monthly mail is 
usually a mixed bag of enquiries, 
requests, suggestions and complaints. 
Occasionally, too, someone writes in to 
say how much they like us — or not, as 
the case may be! 
This month's letters are much the 

usual assortment, but we'd like to hear 
more about what you want in YOUR 
electronics monthly magazine. After 
all, a lot of effort goes into producing 
HE and we'd certainly like to get it right 
for you. So why not use this 
opportunity, every month, to tell us 
what you like about HE, or what you 
don't like; what subjects you are 
interested in and which ones put you to 
sleep! 
In short, we'd like to hear your 

POINT OF VIE W. 

Intruder Confusion 
Dear Sir, 
While I would agree with most of your 
readers that your magazine is 
instructive and comprehensible, I have 
to say that printing errors would seem 
to be your downfall. 
It has got to the point, now, where 

one has to wait until the following 
month for the mistakes to be rectified, 
before constructing any project. 
I have recently spent about £10 on 

components for your Intruder Con fuser 
(HE January 1982). After constructing 
two of the devices, neither of which 
worked, I waited for the following issue 
for corrections to the circuit. 
After turning the IC right way up, I 

would have thought that this would 
have solved the problem — but, no. I 
then had the unit completely checked 
by an electronics shop; they said they 
thought it would not work with a 1V5 
supply, however, we have not tried 
putting more voltage onto the device. 
Can you please help. The unit is 

needed because our neighbour's house 
has just been burgled. 
Yours sincerely, 
B.M. Haddock, 
Wimbledon. 

The electronics shop got it wrong too. 
The LM3909 IC is specifically designed 
as a low-power LED flasher and is 
intended to operate from a 1 V5 supply, 
as indicated in the circuit. 
As to printing errors, they do arise 

from time to time but we are making 
every effort to ensure that the 'times' 
are fewer. We hope that future 
excellence will make up for past 
mistakes, and that we have not fallen 
too far, in your estimation. 

Flushed With Success? 
Dear Sirs, 
I would be most grateful for any help 
you can give me. 

I started making the 'Diana' Metal 
Detector but, as I was ill for some time, 
soon stopped. 
I recently bought some more parts 

for the project, brought out the 
magazine — and then my youngest 
daughter put it down the toilet and 
flushed it!! I now have a half-completed 
metal detector — and lots of bits. 
Please help. I will gladly buy another 

copy of the magazine, if it is available, 
or a photocopy of the item concerned, 
so long as the overlay diagram is clear 
enough for me to get going again. 
I would like to complete the detector 

before the weather revives. 
Sincerely, 
J. W. Frith, 
Cheshire. 

The problems hobbyists encounter are 
sometimes almost beyond belief! Can 
any of our readers match this tale of 
woe? A £10 mixed bag of 
components, donated by Magenta 
Electronics, will be sent to any reader 
who can top Mr. Frith's story. 
Meanwhile, if Mr. Frith would like to 
turn to our Backnumbers page, he will 
be able to send in for the article he 
requires. 

Circuit Suggestions 
Dear HE, 
Do you think your backroom boys are 
clever enough to design a circuit to 
solve the following problem? 
Time and time again, I walk out of a 

room and leave the stereo turned on — 
which can't be that good for the 
amplifier and other components. What 
about a circuit which would turn the 
stereo off after, say, five minutes, if no 
music had been played for that length 
of time? 
I bet you a binder you can't do it. 

Yours, 
L. Poltawski, 
Manchester. 

Although a gadget such as you 
describe is not, strictly, necessary — 
an amplifier is unlikely to be damaged 
merely because the power is on — our 
'backroom boys' have been called 
'front and centre' and they will look 
into it. 
They won't accept your bet, though 

— they don't need another binder, 
thanks all the same. 

Radio Research 
Dear Sir, 
I wonder if you could send me any 
information you have on the beginnings 
of radio and electronics in general, and 
their development up to the present 
time. 
I need this for a sixth Form General 

Studies project. I am a faithful reader of 

your magazine and have nearly every 
copy. 
I will be grateful if you can help. 

Yours, 
M. Ford, 
Trowbridge, Wilts. 

Much of the information you need can 
be found by reading through the 
Famous Names series, but the 
development of electronics will be 
covered more extensively in a new 
series, called The Electronic 
Revolution, which we are planning to 
start in the May issue of Hobby 
Electronics. 

Telephone Tricks 
Dear Hobby Electronics, 
I would like to build an amplifier and 
speaker for my telephone, and also a 
digital counter to indicate how many 
units I am using. 
Could you use this as one of your 

projects? If you already have, could 
you send me details of how to obtain a 
copy? 
Yours faithfully, 
A. W. Almond, 
Dagenham, Essex. 

Neither of these projects are simple, 
but we will look into the possibilities. 

Danger! UXBattery 
Dear Sir, 
I have recently constructed a NiCad 
charger/battery eliminator unit based 
on a design published in Hobby 
Electronics. This unit will allow me to 
use NiCads in most of my battery 
powered equipment, however, I still 
need 'dry cells' for my DMM (Digital 
Multimeter) and electronic flash gun, 
both of which require the higher 
voltage obtainable from HP7/MN1500 
cells. 
Can you publish a circuit or tell me 

where I can find details of a circuit to 
re-charge or refresh such batteries? I 
know that it is possible to purchase 
commercially manufactured units for 
this purpose though I would, of course, 
prefer to build my own. 
Yours faithfully, 
ML. Peake, 
Bilston, West Midlands. 

Charging units for dry cells are 
commercially available, as you 
mention, however there are a number 
of problems in using them. Firstly, the 
batteries cannot be allowed to become 
more than half-discharged because, 
beyond that point, holes have been 
eaten through the zinc electrode and 
these cannot be re-plated. Secondly, it 
is possible that a build-up of gas inside 
the cell will cause it to swell and go 
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open circuit. Thirdly, there is a danger 
of explosion, if the charge rate is too 
high. For these and other reasons, we 
do not consider the idea suitable for a 
Hobby Electronics project. 

Hobby Indexed 
Dear Sir, 
I have subscribed to Hobby Electronics 
for about a year, now, and I find it very 
useful and interesting. I have two 
questions which I would be glad if you 
would answer for me: 
1. Do you produce (annual) indexes 

of all the articles published in HE? If so, 
what is their cost? 
2. Have you ever published an 

article on the construction of a hand-
held device to detect wires, nails or 
screws in wood? If so, in what issue? If 
not, could you suggest any source 
where/ might find the details of such a 
project? It would be very useful to 
someone, like myself, who sometimes 
needs to run an electric saw through 
second-hand timber. 
Yours faithfully, 
A.H. Jansley, 
Tonbridge, Kent. 

An annual index is published each 
January, listing articles which have 
appeared during the previous year. 
Indexes for 1979, 1980 and 1981 are 
available from our Backnumbers 
Department for the usual cost — see 
page 64. 
This is Mr. Jansley's lucky day 

(month?); a metal/cable/pipe locator 
project is being prepared for 
publication, soon. 

'Diana' Speaks 
Dear Sir, 
I have just purchased my first HE 
magazine and now I'm hooked. 
lam thinking of buying a 'Diana' 

Metal Detector kit and was wondering 
if a speaker could be incorporated into 
it. If so, could you tell me how, and 
what components would be needed 
(please explain simply for a beginner). 
Many thanks. 

Yours sincerely, 
T. Fletcher, 
Gravesend, Kent. 

Adding a 'voice' to the metal detector 
is a bit more complicated than simply 
connecting up a speaker. However, we 
have had a number of requests for this, 
and a suitable modification will appear 
shortly. 

Fair Comment 
Dear Sir, 
With regard to Your Letters, HE 
February 1982, page 23, I feel I should 
errata your Errata. 
In the very last sentence, not only 

should the notch appear at the top, but 
should should be spelt should. 
Should you find this worth 

mentioning (I doubt it), I should waste 
no time in correcting it. Should I? Or 
should you? Or should we forget it? — I 
should. 

Yours it's a stupid word anyway, 
Sincerely, 
A. Barnes, 
Brentwood, Essex. 

I don't think I should comment. Shall I? 
I shan't. 

Astronomical Observations 
Dear Sir, 
I received your excellent magazine the 
other day and at once began to read 
Your Letters. I was absolutely delighted 
to read the letter from Mr. Robin 
Cartley, Vice-Chairman of the Crofton 
Astronomical Society. Myself and a 
number of friends were just about to 
write to you regarding a relatively 
simple radio telescope. 
I now write on behalf of my friends, 

who are hoping that you will feature 
such a project. We are all students who 
make the odd kit out of various mags 
and we believe that this would be an 
excellent project. We hope that you will 
give it a shot. 
We would also like to take this 

opportunity to congratulate you on 
your magazine. It really is marvellous. 
Please keep up the good work. 
Yours sincerely, 
M. Carroll, 
Wexford, Rep. of Ireland. 
PS Any chance of finding out who 
Clever Dick is? 

On our part, we hope that we continue 
to live up to your good opinion of us, so 
keep reading HE! Our research on a 
simple radio telescope is progressing 
(the theoretical background is quite 
demanding), but we can't promise 
anything definite, just yet. 
Clever Dick? Never heard of him! 

Optical Allusions 
Dear Sir, 
Having phoned once, to locate this 
particular item, I was asked to ring 
back when the person who could help 
me would be in. Upon phoning again I 
was told to write in, including an SAE, 
for all technical enquiries. My enquiry 
could have been answered in one word; 
the name of a supplier. However I am 
writing in, since the lady at the end of 
the second call put the phone down on 
me. 
Next time I hope I get the first one 

again! 
Issue: November 
Article: Flashmeter 
Item: BXP25 Photo-diode. 
Where is this, or a suitable 

equivalent, available? No advertisers in 
your magazine carry one. 
Yours wait fully, 
B.C. Baldwin, 
Hutton Cranswick, East Yorkshire. 
PS Give my love to the Switchboard! 

Item: BPX25 Photo-diode (note the 
difference) is stocked by Magenta 
Electronics (see their advert in any 
recent issue). 
Price: £2.24 
Technical Enquiries: In general, 'phone 
enquiries cannot be answered. 
Switchboard: Sorry, they're engaged. 

Tug-o-War 
Dear Sir, 
I have twice built the Tug-o- War 
project from the October issue of HE. 
The first time I made my own PCB from 
a Hobbyprint. I made up the circuit but, 
when I switched on, it made a 
continuous buzz. I then found that the 
enable pin (pin 4) of IC3 was open 
circuit; when this was corrected the 
buzz stopped but the project still did 
not work. 
I dismantled it and sent off for a 

ready-made PCB from the service 
which now replaces Hobbyprints. Pin 4 
of IC3 was open circuit, again, and the 
same fault was found. When that was 
corrected, the only part I could not get 
to work was PB2 — it had no effect, 
when pushed. 
Are there any other faults that you 

may have published in a later issue of 
HE? I do hope you can help. 
Yours faithfully, 
D. Duncan, 
Darlington, Co. Durham. 

There were two faults in this project. 
The first, and most serious, was on the 
PCB foil pattern. Pin 4 of IC3 should be 
connected to R19; the missing section 
of copper track should be replaced by a 
piece of tinned copper wire or a line of 
conductive paint. Secondly, R20 
should be 2k2, not 8k2. We hope the 
game can now be brought to a 
successful conclusion. May the best 
man win. 

Windscreen Wipe-Out 
Dear Sir, 
I built the Windscreen Wiper Controller 
(HE, March '81) but it will not drive the 
wipers, in any mode. It pulses once, 
but the relay merely chatters after that. 
The wiper switch as three wires and 

the motor is single-speed, self-parking. 
I tried the local auto-electrician but, 
when he saw the unit, his comments 
were unprintable. 
Can you suggest how to connect 

the unit to the wiper switch? 
Yours faithfully, 
J. Maple y, 
Aberdeen. 

The Controller is intended to be 'wired 
across' ie, in parallel with, the existing 
wiper switch which can still be used to 
obtain continuous sweeps, in the usual 
way. However, given that you have 
three wires to contend with, this does 
not appear to be as simple as it sounds 
(auto electrics do seem to be designed 
to confuse the non-specialist). We can 
only suggest that you consult the 
manual for your car, or carefully trace 
the wiper circuit to determine which 
two of the three should be used. Failing 
that, you should perhaps consult 
another auto-electrician. Before you do, 
though, check that the Veroboard 
tracks between the IC pins have been 
cut; these track breaks, which were 
omitted from the bottom view of the 
layout, should be at D11, El 1, Fl1 HE 
and G1 1. 
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7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7417 
7413 
7414 
7416 
7417 
7420 
7421 
7422 
7423 
1425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 
74478 
7443 
7445 
/446A 
7448 
7450 
7451 
1453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
7482 
74834 
7484 
7485 
7486 
7489 
74908 
7491 
7492A 
74934 
7494 
74958 
7496 
7497 
74100 
74107 
74109 
74116 
74118 
74119 
74120 
74121 
74172 
74123 
74125 
74126 
74128 
74132 
74136 
74141 
74142 
74145 
74147 
74148 
74150 
741514 
74153 
74154 
74155 
74156 
74157 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74170 
74172 
74173 
74174 
74175 
74176 
74177 
74178 
74180 
74181 
74187 
74184A 
74185 
74186 
70188 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
74721 

74251 
74273 
74278 
14179 
74./83 
74284 
74285 
74790 
74793 
/4298 
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llp 

lip 
12n 
12p 
12p 
18p 
25p 
259 
14p 
159 
15p 
209 
20p 
22p 
359 
25p 
25p 
17p 
30p 
20p 
22p 
lap 
30p 
25p 
30p 
lop 
25p 
27p 
27p 
30p 
17o 
709 
36p 
913p 
60p 
93p 
45p 
17p 
17p 
17p 
17p 
17p 
369 
30p 
30p 
20o 
309 
30p 
50p 
100p 
70p 
45p 
100p 
90p 
20p 
210p 
269 
60p 
30p 
30p 
50p 
50p 
45p 
120p 
SOp 
22p 
40p 
90p 
7Sp 
90p 
70p 
250 
459 
48p 
40p 
409 
40p 
450 
32p 
65p 
200p 
70p 
100p 
75p 
80p 
45p 
450 
70p 
50p 
50p 
50p 
100p 
60p 
60p 
60p 
60p 
50p 
55p 
70p 
140p 
300o 
65p 
60p 
60p 
500 
70p 
100p 
50p 
1609 
90o 
90o 
120p 
5009 
325p 
50p 
50p 
50p 
50p 
12p 
129 
14p 
14p 
14p 
15p 
14p 

70p 
75p 

150p 
80p 
75p 
200p 
200p 
100p 
100p 
100p 
55p 
55o 

74367  550 
74368  55p 
74390  100p 
14393  100P 
74490  120o 

74LS SERIES 
741500  12p 
741501  14p 
741502  14p 
741503  14p 
741.504  15p 
741505  15p 
741508  16p 
141509  15p 
741010  15p 
741511  15p 
741513  25P 
741514  4017 
741520  160 
741521  15p 
741522  16P 
741526  16p 
741527  16p 
741030  15p 
741532  16p 
741537  16p 
741538  161, 
741.542  369 
741.547  40P 
741551  15p 
741555  30p 
741573  25p 
741574  16p 
741575  24p 
741576  20p 
741083  459 
741585  65n 
741586  200 
741590  71 IP 
741597  4,2P 
741593 
741595  45p 
741496  100o 
7410107  45p 
1415109  30p 
7415112  34p 
7410113  30p 
7415114  313p 
7415122  42p 
7415123  SOp 
7415124  12Dp 
7410125  30p 
7415126  30p 
7415132  45p 
7415133  30p 
7415136  309 
7415138  349 
7415139  36p 
7415145  76p 
7415147  160p 
7415148  913p 
741.5151  zop 
7415153  60p 
7415154  90p 
7415155  40p 
7410156  40p 
7415157  35p 
7415158  36p 
7415160  40p 
7415161  40p 
7415167  40p 
7415163  40p 
7415164  48p 
7415165  100p 
7415166  90p 
7415170  120p 
7410173  2op 
7415174  45p 
7410175  50p 
7410181  140p 
7410190  50p 
7415191  50p 
1410792  50P 
7415193  4611 
74,5194  40p 
7415195  46p 
7415196  60p 
7415197  659 
7415221  60p 
7415240  70p 
7415241  70p 
7415242  90p 
7415243  80p 
7415244  65p 
7415245  90p 
7015251  409 
7410154  *up 
7415257  45p 
7415258  45p 

90o 
100p 

7415266  25P 
7415273  7Sp 
7415279  45p 
1410283  45p 
7415298  160p 
7415373  250p 
7415324  ISOp 
7415348  ISOp 
1415352  100p 
7415353  100p 
7410363  160P 
7415364  160P 

7415365  369 
7415367  36p 
7410268  3613 
7415373  70p 
7410374  70p 
7415375  SOp 
7415377  90p 
7415378  70p 
7415390  55p 
7410393  SO0 
7415399  2009 
7410540  135p 
7410541  135p 
7415670  170p 

4000 SERIES 
4000  12p 
4001  14p 
4002  150 
4006  65p 
4007  16p 
4008  60p 
4009  35p 
4010  443p 
4011  140 
40 12  16p 
4013  35 

/law 

4014 
4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4078 
4029 
4030 
4031 
4034 
4035 
4036 
4039 
4040 
4041 
4042 
4043 
4044 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 
4054 
4055 
4056 
4059 
4060 
4063 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
4076 
4081 
4081 
4086 
4089 
4093 
4094 
4095 
4016 
4097 
4098 
4099 
40085 
40097 
40098 
40102 
40103 
40106 
40109 
40163 
40173 
40174 
40175 
40193 
40257 
4502 
4503 
4507 
4508 
4510 
4511 
45 ,2 
4514 
4515 
4516 
4518 
4520 
4521 
4526 
4527 
4528 
0532 
4534 
4536 
4538 
4539 
4543 
4553 
4555 
4556 
4560 

4568 
4569 
4572 
4583 
4584 
4585 
14495 

413p 
60p 

31/P 
45p 
60p 
32p 
60p 
65p 
70p 
20p 
40p 
20p 
130p 
32p 
60p 
75p 
40p 
170p 
16 09 
80p 
29 09 
295p 
55p 
713p 
55p 
009 
70p 
709 
75p 
55p 
27p 
17p 
60p 
80p 
60p 
13 09 
1209 
72 09 
50 09 
90p 
1009 
35p 
40 09 
180 
18p 

lap 
lap 
lap 
20p 
lOp 
60p 
160 
20p 
72p 
150p 
40p 
1509 
9Sp 
9Sp 
341:10 
90p 
120p 
90p 

912 09 
1200 
11309 
180p 
45p 
1009 
1009 
1209 
90p 
100p 
1209 
160p 
70p 
50p 
40K 
200p 
659 
SOp 
65p 
150p 
1009 
75p 
45p 
70p 
1509 
'op 
90p 
75p 
90p 
5009 
300p 
120p 
1109 
100p 
290p 
SOp 
60p 
180p 

300p 
11110p 
309 
90p 
45p 
100p 
400p 

746 SERIES 
74500  60P 
74504  60p 
74506  75p 
14532  90P 
74574  90p 
74585  300p 
74586  180p 
745124  3000 
740137  1600 
740133  7Sp 
745138  22Sp 
700139  2250 
745157  2600 
740163  3000 
745174  250p 
745175  32 09 
745194  350p 
740241  4509 

LINEAR I.C. 
AN103 
441 0212 
441 1313 
441 1320 
441 5050 
443 /1310 
443 8912 
445 12244 
445 1315 
A45 4007D 
C 430204 
043019 
04 3046 
CA3048 
CA3063 

CA30606 
CA3066 
CA3C89 
CA 30 0080 
CA3130E 
CA3140 
CA31606 
C431615 
CA3162 
043189E 
CA3240 
C4321300 
DAC14738 8 

64111363 
HA1388 
1C17106 
IC 18038 
ICM 7555 

£7120 
1C7130 
IF 347 
19351 
1F353 
LF356P 
1E357 
LM 10C 
LNI3014 
LM310 

1M318 
1671319 
11.1324 
M335/ 
L M339 
L M348 
M358P 
1913/7 
164380 
LM381AN 
101382 
1771386 
L M387 
17,3389 
LA4393 
164394 
LM709 
191710 
164711 
151733 
L M747 
LM/47 
1M148 
1012917 
1743302 
L M3900 
L M3909 
1M3911 
177439 14 
1833915 
LM3916 
191136 00 
1.3515131 
M515161 

200p 
600p 
668p 
320p 
140p 
600p 
6509 
2409 
600p 
520p 
120p 
80p 
70p 
22 09 
300p 

729 
48p 
225p 
375p 
90p 
50p 
1009 
1409 
450p 
300p 
1209 
200p 
2009 

300p 
270p 
8509 
300p 
80p 

400p 
400p 
160p 
48p 
100p 
95p 
1209 
4250 
27p 
1209 

200p 
225p 
05p 
140p 
65p 
75p 
75p 
'75p 
75p 
1130p 
1709 
95p 
120p 
950 
100p 

350p 
36p 
50p 
70p 
100p 
18p 
70p 
35p 
200p 
1400 
55p 
95p 
'30p 
2100 
225p 
225p 
125p 
3000 
00 09 

9183712 
MC13109 
MC 1458 
MC 14951 
MC 1496 
MC3340P 
MC3403 
MK 50398 
911970 
919107 760 

MN62214 
06037 
1,1551, 
149556 
96564 
5E565 
99566 
56067 
NE570 
.4E571 
NE5534A 
P11024 
0C4 736 
RC4151 
05669 
SAD10244 
08E96364 
SL490 
591 6417 
098515 
147120 
147201 
147205 
TA 7222 
147310 
14621 
184651 
TBA8130 
1134810 
1134820 

194950 
TCA220 
IC 4940 
10410044 
11341(08 
01341010 
11341022 
TDAI024 
10410349 
11341170 
TDA20024 
1082070 
71071 81 
11077 62 
11074 
110134 
11094 
TL 170 
TL430C 
U44170 
U42240 
UDN6I18 
4056784 
4102 003 
UPC575 
UPC5920 
UPC1156H 
002206 
7012207 
0132211 
0132216 
25414 
2N419C 
204231 
254249 
204255 
2144279 
27410348 
IN 10406 

36 09 
15 09 
40p 
3509 
70p 
1209 
120p 
750p 
800o 
620p 
Es 

1500 
20p 
50p 
420p 
130p 
155p 
140p 
42 09 
425p 
250p 
500p 
70p 
200P 
260P 
1250P 
800p 
350p 
175p 
750p 
2009 
2500 
2500 
2009 
200p 
275p 

200p 
90p 
1009 
90n 

VERO BOARDS 
2.5" 0 5"   909 
2.5" . 3.75   80p 
2.5" x 17"  1459 
3.75" 0 3.75"  90p 
Vero Block  £3.90 

VERO SYSTEMS 

3.75" 0 5"  1009 
3.75" X 17"  400p 
4.75" 0 19"  5209 
2.5" x 1"  1109 
Spot Face Cutter   £1.30 

Plain Board 3.75" x 5"  90p 
Vero Pins 0.1" Full/Half 11001 
 50p 
WiringPen  £3.40 
2 spare Spools  £1.30 
Wire Wrapping Stakes Full (1d)) 
Full £2.20  Half £1.65 

ANTEX IRONS  MULTICORE SOLDER 
C15  E4.20 Spare Ele ment £1.80  Size 10 Reel 0 7m m, 39m Long   

CCN15  (4.25 Spare Ele ment £2.20  Size 12 Reel 1.2 m m, 14n1 Long   

X   £4.40 Spare Element £1 .90  (add 50p 'reel pEtp I 

SCC pX25aire £ 0 Bit 57p Stand f2.00  Size 660 .'40 Alloy Dispenser 5 8m   

 £4.40 Spare Ele ment £1.  Size 5 Saubit Dispenser 6.1 m   

SWITCHES 

TOGGLE SWITCHES 
Miniature Centre off 
SPDT  80p  DPDT  85p 

Subminiature 
SPST 60p SPDT 66p  D9DT 70p 
DPDT SLIDE SWITCHES 
STD  18p  MIN  15p 
NORLYN Wafer Switch 
1912W, 2P6VV, 3P4W, 49314  55p 

DIGITAST SWITCHES 
I EXPERIMENTOR 
BOARDS 

STD or SUB MIN  75p 
IChoice of colours) 

STD S WITCH WITH LED   

Push to Make Switch IA, G or BI 
Push to Break Switch (Black)   

Push to Latch   

Toggle Switch DPDT   

£3 80 
£3 80 

£1.00 
60p 

EXP 600  £6 60 
1059  EXP 650  €3 75 

. 15 P  EXP 300  £6.130 
14 P  EXP 325  £1 65 
60 P  EXP 350  £3 30 

Square Keyboard Switch  38 P  EXP 4B  f2.40 es  56p 

350p 
1750 
300p 
320p 
225p 
600p 
120p 
250p 
300p 
325p 
320p 
45p 
75p 
130p 
110p 
200p 
50p 
70p 
170p 
300p 
320p 
320p 
100p 
400p 
200p 
300p 
300p 
400p 
6000 
675p 
90p 
225P 
150p 
1350 
350p 
625p 
200p 
7009 

PRESENSITISED COPPER BOARDS 
Single Sided 8  4 Yo" (1.50.  6"  4" £1.25 
Double Sided 6"  f1.75 

LO W PROFILE OIL SOCKETS BY TEXAS 
8 utr,  9p  18 pin  169  24 pin  24p 
14 pin  10p  20 prn  113p  213 pin  260 
16 pin  11p  22 9,  22p  40188  309 

WIRE WRAP SOCKETS BY TEXAS 
8 p.n  26p 18 di, 500 24 p.8  TOP 
10 pie  3Sp 20 pin  6017 28 pin  809 

16 pin  40p 22 nin  65p 40 pin  100P 

FOR FAST DELIVERY 

JUST PH ONE 

01-452 15001450 6597 
MINIMUM ORDER £5 

VOLTAGE REGULATORS 
FIXED PLASTIC 

14  -ye  ye 
5V 14  7805  50p  7905 
12V IA  7812  50p  7912 
I5V IA  7815  55p  7915 
1811 IA  7818  550  79 18 
244 IA  7824  55p  7924 
By 10OrnA  78105  30p  79105 
12V 100mA  78112  30p  79L 12 
15V 100104  78115  30p  79115 

OTHER REGULATORS 
1643096 14 5V  13Sp 
1913116  325p 
1013171 IA Adi  200p 
1 M3371  225p 
1143231( 3A 5V  500p 
M723 1507,A Ad, 37p 
11.494  400p 
751540  300p 

OPTO ELECTRONICS 
2951/7  45p 
OCP71  1FlOp 
08912  120p 

OPTO ISOLATORS 
11074 
MC 126 
MC 024130 
11074 

LEDS 
0 120" 
11132 
111209 And 
11L211 Gr 
111212 On 
111216 Red 

DISPI ASS 
30159 
01704 
01701 And 
END357 
FI90500 
900507 
91403 640 
MA94641 

130p 
14809 
190p 
240p 

7811 GEC 
78H05KC 
78MG72C 
78GU1C 
79GU1C 
79HGKC 
11497 
LM3054H 

010160 
ORP6I 
11178 

111111 
TIL I 12 
TILI 13 
111116 

55p 
55p 
60p 
60P 
600 
65p 
70p 
70p 

50 09 
560p 
140p 
200p 
225P 
700p 
300p 
 250p 

1200 
120p 
55p 

90p 
900 
90p 
90p 

111220 Red  12p 
55p  TIL222 Gr  159 
I1P  111228 Tel  220 
16p  Record.3..914r 
18p  LEDs IP. G. 4/  3°P 
10 0  0085 881  slop 

711311  6000 
111312 3  1100 

200p  111321 2  130p 
140p  111330  140p 
140p  7750 60  20 09 
120p  DRIVERS 
90p  9368  2500 
90p  9370  300p 
175p  11006118  34:49 
200p  Jr 156184  3209 

* SPECIAL OFFER * 

2114L-2 
2716 
2532 

• 

1-24  25-99  100 + 
0.95  0.90  0.85 
2.10  2.00  1.95 
4.25  4.00  3.75 
0.75  0.70  0.65 

TECHNOMATIC LTD. 
MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED 
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 

((Tel. 01-452 1500, 01-450 6597 Telex. 922800 
305, EDGE WARE ROAD, LONDON W2 Tel: 01-723 0233 

TRANSISTORS 
40161 2 
B M? 8 
BC 748 
BC11 , 
FIC147 
BC149 
BC157 
BC 159 
BC169C 
BC172 
F1C177 
BC179 
BC18273 
8C1154 
BC 187 
BC212 3 
01214 
3IC217 
BC12/ 
ar.331 
BC338 
BC461 
13C477 8 
BC5 ,6 
BC5470 
FIC501711 
BC549C. 
BC5578 
BC559C 
81570 
EICY71 2 
00131 2 
81:1135 6 
00139 
00700 
80169 
80232 
130233 
00245 
00241 

4677 
13p 
14p 
209 
90 
10p 
10p 
119 
12p 
12p 
17e 
1Bp 
109 
IIP 

70p 
Ilp 
12p 
159 
16p 
lip 
No 
296 
30o 
40p 
16p 
SP 
lie 
lip 
lie 
lip 
12o 
5013 
4013 
409 
409 
60p 
95o 
75p 
65o 
70p 

80242  700 
130477  40o 
OF24413  350 
13;2568  70p 
03257 13  32n 
86337  30P 
89539  25o 
1301940 1  25P 
80079  26o 
91080 1  250 
8FR96  1110p 

029 40p 
400 

139084 5 
81086 

8F/038 
OF 089 
135450 
00451 2 
(39456 
135490 • 
00039 
85019 20 
FIU104 
8U105 
Hu m. 
FP)105 
81.1121 
03111154 
00295 

gd,Ig 
BUY69C 
E310 
11.94802 
6422501 
MJ2955 
MJ3001 
9414502 
MJE340 
MJE2955 
MJE3355 
MOT 102 
5191 03 4 
5541 M 

5, 544? 
MeS44 .1 
MO5,156 
MPSA70 
MPS 493 
MSPUO6 
MOSu07 
M3'0445 
MPSU65 
'1P29.4 
'1P29C 
1,1304 
'10301 

1,1311 
'.0324 

40p 

1110p 
24p 
24p 
Alp 
BOP 
450 
210 
2259 
190p 

2509 
225p 
150o 
120o 
200o 
200o 
1450 

350p 
500 
10 

2250 
110p 
2290 
11 
63o 
100p 
790 
40p 
Op 
70p 
30p 
50o 
50p 
50o 
5013 
50p 
329 
50p 
400 
030 

90p 
709 
40p 
559 
lop 
60.• 
5119 
112o 
800 
47p 

T i9334 
T 11333C 
iP344 
TiP34C 
119354 
TiP35C 
TiP364 
T1P36C 
TIP414 
TIP41C 
T 19424 
TIP42C 
TIPS, 
73P120 
119121 
TIP122 
TIP142 
TIP147 
T1P2955 
TIP4056 
71593 
2107 00 
ZTX300 
IT%452 
7105 00 
715502 
710504 
710062 
710652 
275752 

1/14136 
1/34101(94 
0566 
25697 
20696 
207064 
20708 
20918 
25930 
251131 2 
201613 
251711 
252102 
202160 
2022194 
26122224 
2023694 
252484 
202606 
2742904 5 
29290434 
2029074 
752926 
251053 

90p 
114p 
11 % 
1600 
225o 
210p 
270p 
340o 
659 
78p 
70o 
62o 
160p 
700 
75p 
SOp 
13 96 
130p 
76p 
79P 
700 
196 
175 
116P 
15p 
lip 
70p 
66p 
10p 
70p 

90p 
1110p 
110p 
2So 
45p 
30o 
30o 
450 
113p 
36p 
2Sp 
250 
70o 
350o 
2So 
250 
2Sp 
30o 
Sop 
70p 
300 
No 
IP 
lop 

203054 
2513055 
2613442 
293553 
7743584 
2143643 4 
2613702 3 
753704 5 
253706 7 
253708 9 
203773 
253819 
253E420 
203823 
203866 
203902 
203903 4 
203905 6 
2144037 
204123 4 
2144125 6 
254401 3 
204427 
204871 
205087 
205069 
295172 
205191 
705194 
255245 
205298 
255401 
255457 8 
255459 
205460 
205485 
205875 
206027 
206052 
256059 
206107 
206247 
256254 
206290 
2SC1172 
25C1306 
2SC 1307 
25C1957 
25C1969 
25C2028 
25C2029 
>Arc s2r331: 

75C2612 
30129 

sop 
lip 
1409 
240p 
25 96 
Sip 
12p 
12p 
lop 
12p 
7009 
2So 
50o 
700 
90o 
700p 
18p 
20p 
65p 
27o 
27p 
27p 
90o 
110p 
27p 
17p 
27p 
90e 
90o 
40o 
659 
60o 
40P 
40v 
60p 
110 
250p 
/55 
300p 
3250 
65p 
190v 
130p 
65p 
150p 
16017 
150p 
90p 
1950 
1209 
250o 

250o 
250p 
170p 

314140  1209 
35141  11 4 
31401  1100 
35/04  120o 
40290  2009 
710361 2  75p 
40408  90o 
40409  100p 
40410  1009 
40411  300 9 
40594  120o 
40595  120. 
40613  75p 
4087 , 2  100P 

DIODES 
134127  12p 
00036 300  20o 
0447 op 
0490 91  90 
0495  9p 
03%200  9p 
04202  10p 
15914  Op 
15916  70 
1541413  1p 
154001 2  5o 
104003 4  6o 
154005  6p 
154006 7  7p 
155401 3  lap 
155404 7  19p 
15920  9p 

2ENERS 
7 7V 33V 
400m W 
700 

TRIALS 
PLASTIC 
3A 4004 
6A 400V 
04 500V 
134400V 
84 5004 
124 4004 
12A 5001/ 
16A 400V 
164 5001.7 
12800D 

9p 
15p 

60p 
70p 
Rip 
75p 
95p 
(15p 
105p 
110p 
1309 
130p 

THY R1STOR S 
i44000  100p 
KA 6000  140p 
1244000  160p 
1641000  180o 
1644000  111114 
BT106  110, 
C1060  /So 
MCRIO1  36o 
T1C44  27p 
203525  130P 
254444  140p 
255060  UP 
205064  40p 

BRIDGE 
RECTIFIERS 
14 504  19p 
1000  20P 

IA 4000  25p 
1 A 6004  300 

30p 
24 1000  35o 
24 4000  45p 
fA 200V  60p 
1460:P/  72p 
44 1009  PSO 
4A 4000  100P 
64 50V  80p 
hA 1000  100p 
64 6001/  120p 
T,;11 tleelt  200o 

400p 

ACORN ATOM 

PCB 
M OUNTING 
RELAYS 
604 121.101 ro.. 
SPOT 2A 244 DC 

1110p 
6o. 12V DC cod 
DPOT 54240 
DC 2404 AC 200P 
6or 12V DC Coil 
SPOT 10A 240 

DC 2400 AC 225p 

LOUD-
SPEAKERS 
Sue 
2'7  640  Spp 
277  88  170p 
2  EIR  9op 
177  871 100p 

A British designed personal computer - simple to 
operate and simple to build if in the kit form. Its 
expandability makes it a much more versatile machine 
than those that cost a lot more. 
It contains a full sized QUERTY keyboard and a 
modulator to enable direct connection to domestic T.V. 
The standard computer has BASIC and ASSEMBLER 
(machine code) graphics and sound output. 
Basic 8K + 2K Kit  £120 
Built   £135 
Fully Expanded  £185 

(pap £2.50/unit) 
Power Supply  £7.50 
For further details send SAE 

PLEASE ADD 40p P P Et 15% VAT (Export no VAT) 
Government, colleges, etc. ORDERS WELCOME 

VISA & ACCESS CARDS ACCEPTED 
FULL PRICE LIST ON REQUEST 
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U Project 

Digital 
Capacitance 
Meter 
Owen Bishop 

It's fast, accurate and not too fancy. 
The HE Digital Capacitance Meter is easy 
to build and will become one of the most 
used items in your workshop. 

A GLANCE through an electronics 
catalogue soon shows that most of the 
cheaper multimeters do nct measure 
capacitance. A few may measure 
values in the microfarad range, but not 
many measure in the nanofarad or 
picofarad ranges. This low-cost meter 
will, therefore, be very useful; it covers 
values from 100pF to 9900uF with 
two digit accuracy, it's cheap and easy 
to build. It also provides a good 
indication for values in the 10-100pF 
range but, in general, the main ranges 
will satisfy the requirements of most 
hobbyists. 
Many types of capacitor are 

manufactured to about 10% tolerance 
yet, for building filters, tuned circuits, 
timers and the like, it is often important 
to be able to know the precise value of 
a capacitor. Electrolytic capacitors, for 
example, are notorious for having very 
wide tolerance and for changing 
capacitance with age and use. Then 
there are all those look-alike 
polystyrene capacitors, which are 
marked in ink that seems specially 
prone to rub off at the first handling 
(their physical size is no real guide to 
their value, by the way). Finally, there 
are the bargain packs, containing an 
assortment of imported capacitors 
whose markings bear no recognisable 
relationship to any known classification 
system. When using these, the 
perplexing question is: "What have we 
here?". So, a capacitance meter is a 
distinct asset for these and many other 
circumstances. 

The Circuit 
The circuit uses the 556 dual timer IC 
in two common configurations. One 

O  
TEST 

CAPACITOR 

TRIGGER 

MONOSTABLE 

HE D.C. M. 

SCALE 

X10‘ 
X100\ 

How It Works 

MULTIPLIERS 

DISPLAY 

dOst  In 
x100n  x100, 

xlu xl 

ASTABLE 

TENS COUNTER UNITS COUNTER 

The HE DCM measures an unknown 
capacitor by counting the number of 
clock pulses which occur during the 
period of a gating pulse, produced by 
the monostable. The pulse is triggered 
by operating a push button switch (the 
trigger circuit ensures a clean start to 
the pulse) and its width is proportional 
to the value of the test capacitor, 
which is connected into the RC timing 
network of the monostable. 
The gate pulse 'enables' the display 

drivers and the counters, which then 
begin to register pulses from the 

DISPLAY DRIVER 

DISPLAY 

DISPLAY DRIVER 

LI 1 

astable multivibrator. At the end of the 
monostable gate pulse, the display 
drivers are locked and a two digit 
number is displayed. The counters are 
reset to zero, ready to begin a new 
count. 
The DCM has eight ranges, produc-

ed by changing the frequency of the 
astable multivibrator and by controlling 
the width of the monostable pulse by 
using different resistors in combination 
with the test capacitor. This is describ-
ed more fully in the text. 
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SW1a 

R3 
1k0 

12 

SW2a 

44  < R5 
l00k < 10M 

IC2b 
11 

oSMI2b 

IC1a 

TEST NPU TS 

C5 
100n 

R8 
4k7 

IC2c 

C2 
10. 

R6 
120k 

PR1 
475 

R7 
4k7 

PR2 
4k7 

13 

12 

NOTES 
IC1  IS  NE556 
IC2  IS  4011 
IC3  IS  4518 
IC4.5 ARE 4511 

10 

'C11, 
su-Ln 

Figure 1. The circuit of the Digital Capacitance Meter. 
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half, IC1b is an astable multivibrator 
used to produce a square wave at 
either of two fixed frequencies. The 
pulses from the astable are counted by 
IC3, which contains two complete 
decimal counters. The first counts units 
and its output carries over to the 
second, which counts tens. The display 
drivers, IC4 and IC5, convert the BCD 
(Binary Coded Decimal) outputs from 
the counters to provide the outputs 
required for driving the 7-segment 
displays. 
The counting action is controlled by 

the other half of the timer, ICla, 
connected as a monostable 
multivibrator; when triggered, this 
gives a single positive pulse. As the 
pulse begins (rises), the counters and 
display drivers are 'enabled' and pulses 
from the astable are counted. As the 
pulse ends (falls), the display drivers 
are latched to 'hold' and the count is 
displayed. 1 he counters are reset to 
zero at this time, ready to restart the 
count at the next high pulse, but the 
display 'holds' the count. The display is 

returned to zero by the enable pulse at 
the beginning of each run and counting 
begins immediately. 
The length of the pulse from the 

monostable, IC1a, is proportional to 
the capacitance of the test capacitor; 
the greater the capacitance, the longer 
the pulse and, therefore, more pulses 
from the astable are counted. The two-
figure display is read according to the 
format indicated by the range-setting 
knob. 
The period of the monostable is set 

by the test capacitor and whichever 
resistor, R3, R4 or R5, is selected by 
SW2a. 1 he frequency of the astable, 
IC 1 b, is set by the timing capacitors 
C2, C3 or C4 and resistors R6, PR1, 
R7 and PR2. By selecting the 
appropriate combination of timing 
components, the meter provides eight 
decade ranges from 100pF upwards. 

Construction 
Most of the circuit is accommodated on 
the printed circuit board. It is best to 
begin construction with the display 

circuit. The two 7-segment LED 
displays are soldered to the board first; 
make sure the iron is hot and work 
quickly, so as not to overheat the 
LEDs. It is better to solder a few pins, 
then wait a few minutes for the heat to 
escape before continuing; the decimal 
point pins (dp) do not need to be 
soldered. Next, mount R9-22 (or you 
could use two 14-pin DIL resistor 
arrays, if you wish). 
When you have mounted the 

displays and resistors, make the 
battery connections and test the 
display. Temporarily join the positive 
line to each of the resistors in turn and 
check that the correct segments light 
up on the display. WARNING — the 
current must go through a resistor 
before it goes to a segment. 
The two segment-drivers, IC4 and 

IC5, are wired in next. The counter, 
IC3, completes the display section of 
the meter. To check its operation, 
connect a pulse generator to pin 1 of 
IC3; the displays should show a regular 
count up to 99, returning to 00 and 
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PB1 

SW2b TEST SOCKET 

Figure 2. The component layout; note that R9-15 and R16-22 can be either individual resistors (as shown) or 14-pin DIL 
resistor arrays. 

repeating. If you do not have a 
generator, you can use the output from 
IC1b which, with its associated 
components, is the next section of the 
circuit to be completed. 
When the pulse generator (or 

astable) circuit is complete, connect 
the power supply. When pin 4 of IC2c 
is taken low (to 0 V), the display should 
count rapidly at about 1 kHz. When it is 
taken high, the count freezes at its 
current value. The rate of counting is 
too fast to see properly (the display will 
appear to show a steady '8'), but you 
can slow it down by temporarily wiring 
a large value capacitor (say, 10uF) in 
parallel with C2. This will let you check 
that the counters are working properly. 
Finally, complete the monostable 

and trigger circuits, ICI and IC2, and 
the remaining components. You will 
need to make off-board connections to 
SW2, PB1 and the capac tor test 
sockets before this part can be tested. 
It is probably best to mount the panel 
components and complete all the off-
board wiring now. Determine the 
orientation of SW1 and SW2 and drill 
the registration holes accordingly. If 
PB1 and the negative capacitor test 
socket are correctly positioned, the tag 
of the socket can be soldered directly 
to one of the lugs of PB1. The power 
comes from four HP7 (or similar) cells 

in a battery holder, which can be held 
in placed by a 'sticky fixer'. To test the 
complete circuit, mount a capacitor in 
the test sockets; it is useful to have a 
pair of test leads, with 4 mm plugs at 
one end and crocodile clips at the 
other, for short-lead and otherwise 
'difficult' capacitors. Remember to 
observe polarity, when testing 
electrolytic or tantalum capacitors. 
You are now ready to switch on and 

. . . the display should immediately 
show a value. If nothing happens when 
you switch on, check that the trigger 
circuit, which normally has a high 
output (IC2b, pin 11), goes low for an 
instant (about 1 mS) when PB1 is 
pressed. The output of IC1a (pin 5) 
should normally be low, going high for 
an instant when PB1 is pressed. If you 
use a 100 uF test capacitor with SW2 
at X1 n, the output should stay high for 
about 10 seconds and, during this 
time, the display will run from 00 to 99 
several times. 

Calibration 
ICla is a monostable oscillator that 
controls the period for which the 
display counts pulses from IC1b. The 
period, t, is equal to 1.1RC, where C is 
the value of the test capacitor and R is 
the value of whichever resistor (R3 to 

R5) is switched into circuit. For 
example, if the test capacitor is 10 nF 
and we use R4 (100k), t = 1.1 x 100 
x 103x 10 x 10 -9  = 1.1 mS. During 
this brief period the counter has to 
count 10 pulses from ICI b so that the 
display shows '10' at the end of the 
counting period. Now 10 pulses in 1.1 
mS is equivalent to a frequency of 
9.09 kHz, and this is the frequency to 
which IC1b is set when PR1 and R6 are 
short-circuited out of the timing chain 
by SW2b. If the test capacitor is 
100 nF, the period becomes 11 mS; 
the display must again count 10 
pulses, to show '10', so the frequency 
of IC2 must be reduced to 0.909 kHz 
by switching PRI and R6 into circuit. 
To calibrate the instrument we 

simply have to adjust PRI and PR2 to 
give frequencies of 9.09 kHz and 
0.909 kHz. The easiest method is to 
use an oscilloscope. Switch SW2 to 
position 1, bypassing PRI and R6; 
monitor the output from pin 9 of IC1b 
and adjust PR2 until the period of the 
signal is 1.1 mS (9.09 kHz). Now 
switch SW2 to position 2 and adjust 
PR1 until the period is 11 mS (0.909 
kHz) — do not re-adjust PR2 at this 
stage. 
The astable is not calibrated for the 

two slow frequencies, which are used 
with test capacitors over 100 uF in 
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TO BOARD R7 

S2 

(135) 

(R4) 

(R3) 

Si 

CAPACITOR 
SOCKETS 

C3 

C4 

( ASTABLE 
IC1b PIN8 

B1(+) 

+6V TO BOARD 

PIN1 ON IC1a 

OV 

TRIGGER INPUT 
IC2a PIN1 

Figure 3. Wiring diagram for the panel-mounted components. Check against the 
circuit to ensure all the wires go to the right place! 

• 

• 

fI ThL eat Niiii , 
r 

77\4' 

Figure 4. Internal view of the 
completed DCM, showing 
the insulated bezel fixings 
(the display window) and the 
PCB connecting pin 
locations. Note that the three 
resistors at the bottom of the 
board are mounted vertically. 
In our prototype, we used 

long-legged wire-wrapping 
DIL socket pins (available 
from Vero Electronics) to 
raise the seven-segment 

., displays so that they were 

3
closer to the bottom surface  r of the window, producing 
a brighter display. 
It's a trick worth trying. 

value. Additional timing capacitors, C3 
and C4, are simply added to the timing 
chain by switching them in via SW1. 
With C4 in circuit and SW2 in position 
6, the frequency becomes 90.9 Hz; 
with C3 in, it becomes 9.09 Hz. 
The accuracy of these two ranges 

depends on the tolerance of C3 and 
C4. The polyester capacitors 
recommended have a tolerance of 
10%, which is close enough for this 
end of the range. You could, of course, 
purchase several of the same nominal 
value and test them (using this meter!) 
to find two closest to the specified 
values. 

If you have no oscilloscope, the only 
method of calibration is to put a close 
tolerance capacitor in the test socket 
and adjust the astable circuit until the 
correct reading is obtained. It is better 
not to do this on the lowest range, for 
stray capacitance may bias the results. 
Use a 47 nF polyester capacitor on the 
X1 nF range and adjust PR2 to get a 
reading of '47' almost every time (you 
may occasionally get '46' or '48', but 
errors should be no greater than this). 
Then use a 4n7 polystyrene capacitor 
on the X100 pF range and adjust PR1 
until '47' is obtained. The meter should 
then be correct for all the other ranges. 

Parts List 
RESISTORS 
All  W, 5% except where specified 
R1  10k 
R2  1k0 
R3  1k0, 2% 
R4  100k, 2% 
R5  10M, 10% 
R6 
R7,8 
R9-22 

120k 
4k7 
15OR 
(or two 14-pin DIL thick film 
resistor networks) 

POTENTIOMETERS 
PR1,2  47k sub-miniature vertical 

presets 

CAPACITORS 
Cl  1u0 35 V tantalum 
C2  10n polyester 
C3  luO polycarbonate 
C4-6  100n polyester 

SEMICONDUCTORS 
IC1  556 dual timer 
IC2  4011B quadruple 2-input 

NAND 
IC3  4518B dual decade counter 
IC4,5  4511 7-segment decoder/ 

drivers 

MISCELLANEOUS 
PB1  push button switch 
SW1,2 2-pole 6-way rotary 

switches 
PCB, two 7-segment LED displays 
(common cathode 0.5" ); ABS case 
190 mm x 110 mm x 60 mm; knobs 
for SW1,2; 2 x 14-pin, 3 x 16-pin 
DIL sockets; 4 mm terminal sockets 
(1 red, 1 blue); battery holder for 4 x 
HP7; 1.0 mm terminal pins; self-
adhesive feet; connecting wire; 
solder, etc. 

For sources of components for the 
HE DCM, see Buylines, page 21 A 
full-sized PCB foil pattern is 
reproduced on page 78. 

Using The Meter 
Plug the test capacitor into the socket 
and select the required range. If in 
doubt, select a range greater than the 
one you expect the capacitor to lie in. 
Switch on, and press PB1. The value 
will be displayed instantly (though it 
actually takes a few milliseconds to get 
there). On all ranges, the displayed 
figure is multiplied by the display range 
and the scale factor. For example, if 
the display switch, SW2, is set to x1 u, 
the scale switch to X10 and the display 
reads '26', the value of the capacitor is 
26 x 10 x 1u = 260 uF. 
If the tens digit is zero, switch to the 

next lower range and press PB1 again. 
For the two highest ranges; SW2 must 
be in position 6 (x1u) and SW1 turned 
to X10 or X100, as necessary. 
Switch the meter off when it is not 

in use, since the display consumes 
considerable power. In use, however, 
the meter works so quickly that the 
reading can be taken in a couple of 
seconds and the battery will last for 
many months. HE 
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WATFORD ELECTRONICS 
35 CARDIFF ROAD, W ATFORD, HERTS., ENGLAND 

M AIL ORDER, CALLERS W ELCOME. Tel. Watford 40588 

ALL 0  S BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS DES-
PATCHED BY RETURN OF POST.  TERMS OF BUSINESS: CASH/CHEQUE 
P.Os OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL INSTI-
TUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY WELCOME. 
P&P ADD 509 TO ALL ORDERS UNDER £l0 NET. OVERSEAS ORDERS POSTAGE AT 
COST. AIR/SURFACE. ACCESS ORDERS WELCOME. VAT All prices exclushe of VAT Meese add 16% VAT to the total cost incl PE& 

IPOLYES TER RADIAL LEAD CAPACITORS:  . 
tOni 15n 22. 27n Sp: 33n 17n. 68n, 100n 7p: 150n, 210n lap. 
330n 470n 13p: 680.11111pc 1 a F 220 le 5 Flegn 2e 2 4119; ls 71110p. 

POLYESTER CAPACITORS: AskalLoad Type 
400V 1nF, 1,5. 2n2, 3n3. 407. 6n8 11p; 10n, 15n. 18n. 22n 12p; 33n, 47n, 68n 169. 100n. 150n 20p; 220n 
30p. 330n 42p; 470n 52p; 680n 40p; 1pF sep;2e2 Up; 49786p. 
160V 10n F, ,2n, 100.4 1Ip; 150n, 220n 17p; 330n. 470n 30p; 680n, 38p; luF 42p; 1p5 469. 2.2 489 
1000V in! 17p; 10n! 30p; 15n 40p; 22n 369; 33n 42p; 47n 411p; 100n 50p; 470n 906. 

ULTRASONIC TRANSDUCERS 
401,Hr 399pips 

ELECTROLYTIC CAPACITORS: (Values are in pF) 500V: 10 52p, 47 78p; 2501/: 100 86p; 63V: 0 47. 1 0. 
1 5, 22 25 3 3 Sp; 4 7 9p. 6 8. 10 10p; 15. 21, 120; 33 15p; 47 12p. 100, 169; 1000 709.50V: 47 12p; 68 
20p. 220 24p; 470 32p; 2200 90p Q V: 4 7, 15. 22 911; 3300, 909. 4700. 120p; 2511: 1 5. 6 8. 10, 2211p; 33 
69, 47 Op; 100 11p; 150 12p; 210, 15p; 330 Up; 470 259. 680 1000, 34p; 2200, 50p; 3300. Nip. 4700 
92p. 16V 40. 47, 100 9p; 125. 12p; 220 13p: 470. 20p. 680 349, 1000 27p; 1500. 31p; 2200 386. 3300 
74p; 4700 796 
TAG-END TYPE: 70V: 4700. 246p; 64V: 3300 11111p; 2200 1390; 50V: 3300 154p; 2200 110p, 40V 47,6 
1106; 25V: 10.000 32 ; 15.000 346p. 

TANTALUM BEAD CAPACITORS  
36V: 0,1 F. 0.21. 0.32 169; 047. oes, 
oo. 1.5 169; 22. 13 111p; 4.7. 6.8 

21p; 10pF 269; 18V: 2 2, 3 3 leip; 
4 7pF. 8.11, 10 111p; 15, 36p, 22 30p; 33. 
47 40p; 100 75p; 110 Pp; 10V: 15, 22. 
28pi 33,4'. 35p; 100 5619; 6V: 10042p.  

MILAN RI M CAPACITORS 
100V: 1 nE 1 4 4.17. 10 Sp; 15nE. 
22n 30n 40 47 7p; 56 100n 200 69; 
470n 500 169, 

MINIATURE TYPE TRIMMERS 
. 2 69E. 2 104, 2 259E, 5 56pF 30p 

COMPRESSION TRIMMERS 
3 40pF 10 800 269; 70.25 09! ISsi; 
100-580pF 3119: 400 1250pF lip 

POTENTIOMETERS: Rotary Carbon 
iota 0 25W Log & 0 5V11 Lon 
5000 140 5 200 11..neat °Nig Single 
Gang  299 
51q) 25,(1 Singh Gang  1111, 
58) /MO Smgie Gang D P Switch 74, 
51.17 265) Double Gang  Sip 

BUDER POTENTIO METERS 
0-25W log and linear values 6Ornm 
51(11-500411 single gang  70p 
1041)-500411 dual gang  11 69 
Self St ck Graduated Betel  469 

P OLYSTYRENE CAPACITORS: 
10pF to 1 nE Sp;I SriF to 10M Tip 

SILVER MICA (Values in 9F) 2. 3.3, 
4 7, 58, 8 2. 10, 15, 18. 21. 17. 33. 39, 
47, 50, 56, M. 75, 72. 85, 10). 120, 150. 
100p!  156 each 
200 220. 250. 270, XP. 330. 360. 390. 
470. 600. 930. 820  21p each 
1000, 1200, 1800. 2203  309 
3300, 4700pF  110p each 

PRESET POTENTIOMETERS 
Vertical Er Horizontal 
0 1W 50 M  5M M Miniature 
0 25W 100 M  3 3M M horit 
025W200 M -4 7M Myer, 

79 
10p 
10p 

RESISTORS  Carbon  Film  W O 
Stabdity Low No,se Miniature 
Tolerance 5% 

RANGE  VAL  1 99 100 • 
'1W  2112-4M7  624  29  1p 

2112-4M7  012  29  1p 
1"'  2112-10M  617  5p  49 
2% Metal Film 1011 1M  6p  4p 
IS. Metal Film 5111-1M  80  69 
100. price applies to Resistors of each 
value not mixed 

OPTO 
ELECTRONICS 
LEDs with Clips 
TIL209 Red  13 
TIL111 Grn  18 
TIL212 Tel  18 
.2" Red  14 
.2" Yell or Grn  18 
Square LEDs  29 
ORP12  78 
265777  45 
LD27I  46 
SE11205  91 
11132  52 
711.78  54 

55 
TIL100  90 
7 Segment Displays 
TIL321 5 CA  115 
T11322 5 CC  115 
01704 3 CCM  99 
O1707 3 CA  99 
3 Green CA  120 
131.747 6 CA  180 
END357  120 
MAN3640  175 
10 Seg Bargraph 

225 
LCD 372 Digits  550 

SWITCHES 

'TOGGLE 24 7500 
SPST  33 
0P07  44 
4 Pole on , 401  114 

SUB MIN TOGGLE 
SP changeover  60 
SPST on/off  54 
DP07 6 tags  75 
DPOT croff  so 
DPDT Biased  145 
SLIDE 250V: 
IA 0POT  IA 
1AC,Pc,oft  16 
vtA OPOT  13 

CERAMIC CAPACITORS M V: 0.5pF 
to 1014 ep; 22n to 4 1n sp. loOn 7p. 

Gas and Smoke Detectors 
TGS 812 end 813 5759 

VOLTAGE REGULATORS 
IA  103  0 so  -ve 
so  coos  1411,  7905  220, 
124  7817  144,  7912  220. 
150  7815  1410  _ 
180  7018  144, 

IA  10710  Plbstic Lasing 
1 50  7805  48p 7905  55p 
12V  7812  gh.  7912  55p 
15V  7815  gal,  7915  559 
180  7818  809 7918  559 
240  7824  609  7920  559 

100mA  1092 Plastic Casing 
50  78105  306  79105  609 
6V  78167  30p 
80  781.87  30p 
12V  781.12  309  79112  60p 
15V  78115  309 

CA3085  969 , 
LM 30014  170, 
11,83056  140p 
LM 30 90  13S, 1M773  
114  3, 7,,  no , 7AA550 

JACKSON'S VARIABLE CAPACITORS 

79115 

14ri'm  

T 04625B 
7041412 

5009 781105 
786406 

WIT 79110 

• 
759 
1509 
5509 
550p 
78 50 

We stock most 01 the 
DaftS for the Proiects 

.n761%  aqavne 

ACCESS 
.1.1 phone vow ardor 
oomph  W. dead iretth 
Or. rem own mtg.  1E10 

Wessel. 

SWITCHES Msmagur. Non-Locking 
Push 0MM. IS  P.I.1 Break  20 
MOCKER: SPSI  r off 104 r 250V  28 
ROCKER: Illuminated (black) chrome betel hghts 
when on DPST 34 240v  Si 
ROTARY: iADJUSTABLE STOP) I pole, 2 12 

2pr 2.6 ray 36/ 2.4 *ay 4P/2-3 4/09 Si 
ROTARY: Mains 250V AC 4 Arnp  62 

7400 111 
7400  11 17401  11 
7402  11 
7403  14 
7404  II 
7405  IS 
7406  28 
7407  28 
7408  16 
7409  16 
7410  14 
7411  20 
7412  20 
7413  24 
7414  32 
7416  25 
7417  25 
7420  16 
7421  20 
7422  20 
7423  22 
7425  28 
7476  30 
7427  27 
7428  28 
7430  16 
7431  26 
7433  27 
7437  27 
7438  27 
7440  17 
7441  es 
7442  38 
7443  90 
7444  90 
7445  65 
7446  55 
7447  50 
7448  50 
7450  16 
7451  16 
7453  16 
7454  16 
7460  16 
7470  35 
7472  30 
7473  30 
7474  25 
7475  40 
7476  30 
7480  44 
7481  120 
7482  70 
7483  so 
7484  so 
7485  95 
7486  18 
7489  205 
7490  ze 
7491  45 
7492  30 
7493  30 
7494  34 
7495  50 
7496  46 
7497  120 
74100  85 
74104  54 
74105  55 
74107  32 
74109  35 
74110  40 
74111  55 
74112  170 
74116  88 
74118  80 
74119  90 
74120  75 
74121  30 
74172  45 
74123  50 
74125  42 

74126 
74128 
74132 
74136 
74141 
74142 
74143 
74145 
74147 
74148 
74150 
74151 
74153 
74154 
74156 
74157 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74167 
74170 
74172 
74173 
74174 
74175 
74176 
74177 
74178 
74180 
74181 
74182 
74184 
74185 
74188 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74221 
74246 
74247 
74248 

40 
42 
48 
35 
70 
190 
250 
70 
S. 
75 
so 
45 
45 
75, 
75 
45 
99 
so 
60 
ez 
114 

62 
85 
185 
168 
290 
es 
72 
72 
55 
76 
SS 
N 
140 
7$ 
OS 
00 
2110 
70 
70 
70 
65 
75 
85 
es 
65 
99 
eo 
150 
150 
150 

74LS 
741500  12 
LSO1  13 
1002  14 
1503  14 
LSO4  15 
L505  15 
LSO6  15 
LSO8  15 
LSO9  15 
LS10  IS 
LS11  15 
1512  15 
LS13  30 
1514  44 
L$15  15 
1520  15 
LS21  15 
1522  15 
LS26  18 
1027  15 
LS78  20 
1530  18 
LS32  15 
LS33  16 
LS37  16 
LS38  16 
1040  18 
1.542  36 
1547  40 

SO 
LS55  30 
LS63  150 
LS73 
LS74 
LS75  28 
LS76  20 
1883  so 
LS85  70 
LS86  38 
LS90  35 
LS92  36 
.1593  36 
1595  45 
1.596  120 
15107  43 
15109  30 
LS112  30 
LS113  44 
LS110  35 
15122  44 
LS123  55 
10124  105 
LS125  30 
15126  30 
15132  45 
LS133  35 
15136  28 
LS138  35 
LS139  38 
1.5145  75 
15147  199 
15148  99 
LS151  39 
15153  39 
15155  39 
LS157  35 
15158  36 
LS160  41 
LS161  41 
15162  41 
LS163  41 
LS164  48 
LS165  145 
LS166  85 
LS173  72 
LS174  72 
LS175  58 
LS181  130 
1S190  58 
15191  58 
15192  58 
LSI93  65 
LS195  40 
L$196  58 
15197  85 
LS221  60 
1.5240  96 
LS241  96 
15242  85 
15243  es 
15244  ao 
15245  118 
15247  40 , 
15248  65 
15249  ea 
LS251  40 
L$253  40 
15257  es 

25 
25 

CMOS 
4000 
4001 
4002 
4006 
4007  1111 
4008 
4009 
4010 
4011 
4012 
0013 
0010 

14 
14 
14 
86 

62 
31 
40 
14 
I. 
34 
74 

4015  66 
4016  32 
4017  48 
4018  611 
4019  42 
4010  81 
4021  70 
4012  es 
4023  20 
4024  45 
4025  19 
4026  130 
4027  38 
4028  511 
4029  77 
4030  50 
4031  170 
4032  125 
4033  165 
4030  195 
403  95 
407.,  275 
403/  115 
4038  110 
4039  290 
4040  59 
4041  78 
4042  so 
4.'4I  70 
.4,44  65 

170 
4 Af  75 
44?  75 
4046  55 
4044  30 
4050  30 
4051  78 
4052  78 
0053  78 
4054  125 
4055  125 
4056  120 
4057  1915 
4059  480 
4060  90 
4061  1225 
4062  995 
4063  99 
4066  ae 
406'  399 
4068  22 
40E9  20 
4070  26 
4071  20 
4072  20 
4073  20 
4075  20 
4076  60 
4077  26 
4078  26 
0081  26 
4082  21 
4085  65 
4086  70 
4089  140 
4093  43 
4094  168 
0095  90 
4096  90 
4097  320 
4098  ea 
4099  95 
0160  95 
0161  ss 
4162  99 
0163  99 
4174  99 
4175  105 
4194  105 
4408  790 
4409  790 
4410  725 
$411  695_ 

4412 
4415 
4419 
4422 
4433 
4435 
4440 
4450 
4451 
4490 
4500 
4501 
4502 
4503 
4504 
4506 
4507 
4508 
4510 
451' 
4512 

SOO 
480 
2110 
770 
770 
950 
999 
350 
350 
350 
675 
28 
90 
50 
105 
65 
40 
286 
88 
88 
75 

ICs 
21141 3 
12708 
2716 
4116 
6502 
6522 
16800 

709C 8 0.1 
710 
733 
741 8 pm 
7470 
7480 
753 
810 
811595  90 
811596  90 
811597  90 
9400CJ  350 
AV 1 1313A 

AT 1 1320 
AT I 5050 
AT I 5051 
AY 3 8500 
I AY 3 8910 
AT 5 12244 

, Ay 5 1230 
CA3011 
CA3018 
CA3020 
CA3023 
CA302130, 
, CA3035 
CA3045 
ca3046 
CA3048 
CA3059 
CA3075 
CA E 
CA3061 
CA3385 
CA E 
043119040 
CA3123E 
CA3133 
CA3140 
CA3189 
CL7106E 
0L7107 
CL8038CC 
CM7205 
cnir2,6A 
CM72174 
CM7555 
LA4032 
LC7120 
L07130 

87 
185 
210 
Bo 
399 
350 
300 
35 
48 
100 
74 
78 
36 
185 
159 

660 
225 
99 
160 
390 
600 

235 
450 
130 
86 
210 
191 
95 
255 
365 
70 
220 
285 
213 
70 
190 
95 
200 
375 
150 
90 
48 
295 
750 
975 
300 
1150 
1950 
790 
so 
295 
300 
340 
- 

1311. SOCKETS: 8-pin Sp; 14-pin 10p; 16.pin 
169; 113-pin 16p, 20,190 22p; 24goin 25p; 28 
pin 24p; 40-pin 300 

100.'3009F  22 69 
500pF  256p 
6 1 Ball Drive 
4511/OAF  1056 
Dial Drive 4103 
6 1/36 1  77Sp 
Drum 54mm  S9p 
01 365pF  3509 
002 365pF  4359 

0 2 365pF with slow 
motion Drive  4960 
00 208/176  4359 
00208/176 
with slow 
rnonon drive  4959 
G804.5pF 10 15 
25 50pF  2789 
100, 150pE  3509 
'L' 3, 3100F  725p 
00-3•25pF  5756 

DENCO COILS 
'DP' VALVE TYPE 
Range I to 5 Ell. 
RD, TI Wht  1226 
6-7 8 9-R  110p 
1 5 Green  1506 
'T' type 1 to 5, 01, 
Rd Wht Y1  150P 
894 Valve Holder 

426 
R012  1469 

RFC 5 chokes 
1400 

RFC 7119mH) 
1609 

13, 14: 15. 16: 17 
1209 

18/1 6  1359 
18/465  1526 
TOO 1  1249 
M W5FR  1229 
M W/L W SFR 154p 

VEROBOAlib 
1 Pilch  clad pla, 
36  73p  529 
5  Up 

4%.36  UP 
11..5  9514  790 
i'.• 17  326p 211p 
4 .. 17  4269 
Pki of 100pins  509 

lace  1189 
, ,  , T..01  1629 

1111616 911 M MIMII MIN Er  

COPPER 
CLAD BOARDS 

1 awe giass 
6.6"  90p 
6.17- 1569 

',HOP 
9.8  949 

Gems Chloride 
lib Anhydr  I Mp 

DIODES 

89126 
84127 
CR033 
009 
0447 
0070 
0479 
0485 
0090 
0491 
0495 
04200 
04707 
5914 
9916 
144C01r 2 
144003 
144004r 5 
54006 r 7 
44148 
65401 1 
654.34 
65406 
145408 
544 
5921 
64 10.5. 
6,11 , 400V 
64/83116 

12 
12 
MO 
es 

s 
s 

IS 
le 
17 
16 

9 
40 
90 
IIS 

We  stock  a 
wide selection 
of  Electronic 
Books  and 
Magazines 

ZENERS 
Range 207 lo 
390 4006,W 

Speech 
Range 303 ro 
330 1 316 

169 each 

NOISE 
Diode   111617 

BRIDGE 
RECTIFIERS 
(plasm nee) 
14, 50V 
1 A 100V 
IA/4005 
IA, 600V 
2A 50V 
2A 701:10 
2A 4005 
1A 6000 
6,0 100V 
6A, 400V 
6A 6000 
104. 2005 
104:6000 
254 , 2001/ 
255, 6000 
84164 
VMI8 

18 
22 
29 
34 
35 
46 
46 
65 
83 
95 
125 
215 
350 
240 
395 
ss 
SO 

SCRs 
Thyristor• 

54, 4000  40 
54 6000  Ii 
88'300V  SO 
58.6 000  95 
124 100S, 711 
2/1 4005  95 
12A, 8005 1SS 
81'106  ISO 
87116  ISO 
010613  35 
TiC44  24 
T1C45  29 
1841  35 
155067  32 
765064  311 
2144444  130 

DIAC 
ST/  Si 

TRIACS 
i4100.. Ii 
342000  64 
3,4400%, 64 
8.11000 60 
804000 49 
848000 115 
1101000  78 
'704000 12 
2480.35 135 
164100V 103 
1645000 115 
2548000 220 
25410 005 

4110 
128000D 120 

TRANSISTORS 
ACI25  35 
AC126 7  35 
AC128  30 
ACI41/2  30 
AC176 87  30 
AC188  30 
ACY17/18  70 
4(020/i  75 
ACY22  40 
40140  120 
40149  79 
40161/7  42 
AF115  60 
AF139  40 
AF178  75 
AF180/6  70 
AF239  78 
8C107 8  10 
BC1088  12 
80108C  12 
80109  10 
8C10911  12 
BC109C  12 
BC117  24 
BC119  38 
BC137  so 
EIC140/3  30 
BC147/8  9 
80149  9 
BC153/4  27 
8C157/8  10 
BC159  11 
BC160  45 
BC167A  10 
8C1680  10 
8C1690  10 
BC170  15 
BC171/2 
EIC177/8 
BC179  20 
8C182/24  10 
BC183/L  10 
BC184  10 
BC1841  10 
80187  26 
BC212  10 
002121  10 
80213  10 
FIC2131  10 
BC114  10 
1302141  10 
903070  14 
BC378  95 
BC338  15 
BC441  34 
50461  34 

11 
20 

BC477  40 
BC516 ,7  413 
8C547 ,8  12 
BC549  10 
80556/7  15 
BC558/9  15 
BCY70  16 
EICY71  le 
EIC072  20 
80131/2  48 
130133  60 
0D135  45 
00136 7  40 
80138/9  40 
BD140  40 
8 06954  85 
806964  85 
00917  195 
BD460  160 
110061  160 
0E115  35 
80167  29 
BF173  27 
10177  25 
ElF178  30 
8E179  35 
BF 180  38 
0E194 5  12 
8E196 7  12 
0E198  16 
13E200  30 
812244  25 
10244  20 
8E256  35 
8E257/8  32 
8E259  35 
8E594/5  40 
BER39/40  23 
0E841/79  23 
BER80/81  25 
8E429  28 
BFX131  45 
0E084  26 
111FX85/6  28 
BFX87/8  28 
BFY50/1  23 
BETS?  23 
08039  40 
BSX20  20 
BSY65  35 
BSY954  25 
BU105  170 
BU205  190 
BU208  200 
E113  45 
E175  so 

E421  250 - 
MJ 2955  90 
MJE340  54 
MJE370  100 
MJE371  100 
MJE520/1  95 
MJE 2955  99 
MJE 3055  70 
MPE102  50 
mPF103  30 
MPF104  30 
mPF 105  30 
MPF106  40 
MPS405,6 25 
MPSA12  30 
MPS/155  30 
MPS456  30 
MPSUO6  55 
41051/56  60 
0C28  120 
0C35  125 
0C36  120 
0041/2  120 
0044  120 
0045/70  40 
0071/7  40 
0016  50 
0081/2  50 
0083/4  40 
0C170/ 1  85 
TIP79  34 
TIP29C  60 
TIP30  48 
110304  48 
TIP30C  58 
TIP314  45 
TIP31C  55 
TIP324  46 
TIP370  60 
TIP334  65 
TIP33C  78 
TIP344  74 
TIP34C  98 
TIP354  160 
TIP35C  195 
1P364.  170 
11P360  199 
11P414  55 
T1P4'9  60 
TIP/  60 
TIP420  75 
TIP120  90 
TIP121/2  99 
TIP142  120 
TIP147  120 
TIP2955  60 
11P3055  60 
11543  32 

41544  45 
TIS88A  50 
TIS90  30 
T 1891  32 
0111010  80 
01410KM  45 
V5464F  79 
V14664F  85 
VNBRAF  94 
ITX107/8  11 
ZTX109  12 
2E5300  13 
7E4301/2  16 
ZTX303  25 
71X304  17 
218314  25 
ZTX326  30 
ITX341  30 
ZTX500  14 
ITX501/2  15 
218503  18 
ZTX504  25 
1E4531  25 
218550  25 
214526  se 
26696  30 
214697  23 
214698  40 
25699  48 
26706  19 
25918  35 
25930  20 
25961  es 
261131/2  14 
761304  65 
251305  60 
261306/7  65 
2516718  120 
797160  350 
2622194  29 
21427204  23 
2142222  25 
2673694  18 
252476  50 
252483  27 
2102497  83 
252646  45 
752894  31:7 
152904  28 
2529054  26 
152906/7  26 
7147926G  10 
263053  26 
163054  58 
7143055  48 
2143121  30 
2143133  45 
163135  30 _ 

263252  44 
7143442  140 
793568  25 
253663  15 
2193702/3  10 

263704/5  10 
2143706/7  10 
2143708/9  10 
2143710/11  10 
2143713  144 
263771  179 
163777  195 
263773  270 
753819  22 
293820  38 
2143822 3  50 
293866  90 
293903 4  15 
21.3905  15 
253906  15 
254037  46 
254058  10 
254061/2  10 
264069  45 
264859  78 
764871  55 
255135/6  20 
255138  111 
255179  45 
255180  46 
2105191  75 
255305  24 
295457 8  80 
255459  30 
265485  30 
2145777  45 
7146027  32 
154715  60 
250495  70 
2SC496  70 
2501096  85 
1501173  125 
2501306  100 
2501307  150 
2501449  85 
2501923  SO 
2501945  225 
2501953  90 
2501957  90 
2501969  140 
2502028  86 
2502029  210 
2502078  170 
7502091  05 
2SC2314  es 
2502166  165 
2501679  190 
35178  112_ 

F 351  :8411 1k 
10353  50 
LE355  85 
LF356  90 
15,13014  76 
LM3013  95 
LM318  200 
LM324  30 
LM339  54 
110348  64 
LM349  115 
LM358  65 
1.1.4379  480 
1M38,3  75 
LM381  145 
LM382  125 
1M384  140 
LM386  90 
LM3137  120 
LM1458  40 
1M2917  195 
IM3903  50 
LM39095  85 
LM3911  125 
LM3914  210 
1143915  220 
1143916  220 
iLS7220  290 
IM252  625 
M253AA  1150 
MC1304P  260 
MC1310  150 
MCI455  150 
MCI458  00 
MC1488  62 
M014139  62 
MC1494  694 
MC1495  350 
MC1496  70 
M01496  70 
MC1648  290 
MC1709G  90 
M01710  79 
MC3302  150 
MC3340P  120 
SAC33609  120 
MC34131  65 
MC3403  no 
'AKA:mg  .97 

MK50398  C15. 
M445303  635 
MM5307  1275 
60529  22115 
NE543  225 
NW544  210 
14E555  16 
90556  45 
6E560  325 
NE561  398 
NE562  410 
140564  420 
NE566  120 
50566  155 
60567  140 
146570  425 
14E571  420 
R04136  69 
5566E1  245 
SAB3209  425 
SAB3210  295 
5483271  486 
S976477  175 
508529  299 
TAA621  295 
7472054  225 
140100  159 
104120  70 
TBA641  275 
TBA800  80 
184810  96 
TBA820  80 ' 
TCA965  120 
1041 064  290 
TDA10013  310 
1041022  525 
1041024  105 
6341490  290 
1042070  320 
11061  40 
T1063  SO 
TL071CP  30 
11074  100 
11081  25 
11082 45 
11083  75 
11084  95 
U0041/0  170 
U4A180  170 
0112206  300 
052211  575 
280CPU  350 
2804CPU  385 
793ACTC  325 
7800TC  300 
793010  290 
7804P10  320 
29424E  130 
9425E  345 
754260  300 
75427  600 
76428  478 
79429  210 
ZN1034E  ZOO 
7101040E  675 

35140 
40311 
40313 
40316 
40317 
40324 
40326 
40327 
40347 
40348 
40360 
40361/2 
40407 
40408 
40411 
40412 
40467 
40468 
40594 
40595 
40603 
40636 
40673 

112 
60 
130 
95 
60 
100 
60 
70 
90 
120 
40 
50 
60 
70 
185 
65 
130 
85 
105 
110 
110 
175 
815 , 
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Famous Names • 

GUGLIELMO MARCONI 
A name that needs no introduction, particularly to residents of 

Chelmsford, Essex. 
Marconi had a decidedly good start to 
life. Born in Bologna, Italy, of a titled 
Italian father and an Irish mother, he was 
brought up on his father's estate and 
educated in Bologna and in Florence. He 
then went to technical college in 
Leghorn, where he specialised in physics 
(still the best grounding for any engineer) 
and interested himself, particularly, in 
the work of Maxell, Hertz and Sir Oliver 
Lodge. 
By 1894, his interest in radio was 

such that he started a series of ex-
periments at his father's estate. His 
transmitter used the classic design of 
Heinrich Hertz — an induction coil with a 
spark-gap (Figure 1); and his receiver us-
ed the equally well-established coherer 
(Figure 2).  What distinguished 
Marconi's work from that of the many 
other pioneers, working with the same 
equipment at the same time, was his par-
ticular interest in aerials, an interest 
which had sprung from his study of Max-
wells beautifully symmetrical equations 
of electromagnetic radiation. 
His own notes on these early ex-

periments show that he was using a ver-
tical aerial with a ground plane, the 
classic type of aerial still in widespread 

MORSE  INTERUPTER 
KEY 

+ 0  

AERIAL 

SPARK GAP 

EARTH 

Figure 1. The classic spark-coil 
transmitter. The spark gap used two 
spheres, which had enough 
capacitance between them to tune the 
secondary of the coil, to some extent. 

COHERER 

Figure 2. The coherer. The input from 
the aerial is interrupted continuous 
waves, and each pulse caused the iron 
filings in the tube to cling together, 
carrying current to the earphone and 
operating the solenoid which loosened 
the particles again ready for the next 
burst of RF. 

use today. Very significantly, his notes 
show that he was obtaining ranges of 
about 1 1/2 miles and that he had found 
that, by using a reflector behind an aerial, 
he could beam the radiation, increasing 
the range and obtaining better direc-
tional characteristics. 
Finding that there was little interest in 

Italy for his pioneering work, in 1896 he 
travelled to London to work with Sir 
William Preece, then Chief Engineer of 
the Post Office. The Post Office, at that 
time, was taking a keen interest in the 
new developments (a change from our 
usual, contemporary attitude) and 
Preece encouraged the young Marconi 
to file patents on his work. Marconi 
backed up his patents with a series of 
demonstrations which indicated the in-
creased ranges that were possible by the 
use of aerials held up by balloons or kites. 
He achieved a range of four miles on 
Salisbury Plain, nine miles down the 
Bristol Channel and, in 1897 at Le 
Spezia, was able to demonstrate com-
munication between warships at sea and 
a land station 12 miles away. 

The Wireless Telegraph Co. 
By this time, Marconi and his co-

workers were convinced that radio could 
be put to serious use so Marconi and his 
cousin, Jameson Davies, an engineer, 
financed a number of patent applications 
and formed the Wireless Telegraph and 
Signal Company Ltd. In 1900 the com-
pany changed its name to Marconi 
Wireless Telegraph Co., a name which it 
retained up to the 60s. 
During this time, each demonstration 

by Marconi indicated greater, and 
therefore more useful, range of com-
munication — 75 miles, between bat-
tleships,  in 1899, for example. 
Transmission and reception conditions 
proved to be better at sea than on land so 
that, after several demonstrations of this 
type, the Marconi International Marine 
Co. (MIMCO) was formed specifically to 
equip and maintain radio in sea-going 
vessels. For the first time, it had been 
possible to communicate between ships 
which were not visible to each other and, 
given the importance of sea transport at 
that time and the length of sea journeys, 
it was a most sensible approach. 
Another clutch of patents followed, the 
most significant of which was one which 
described the principles of tuning both 
the transmitter and the receiver, so that 
it was possible for several transmitters 
to operate at the same time on different 
wavelengths without interfering with 
each other. 
Several navies around the world were 

now installing the 'Marconi Apparatus', 
as radio was known, and the design of 
transmitters, receivers and aerials was 
progressing with every new model that 
was constructed. Marconi, however, 

was not satisfied with gradual develop-
ment and insisted that nothing short of a 
signal sent across the Atlantic would 
convince his many sceptical opponents 
that radio was an invention of real impor-
tance. His proposals were scoffed at, 
because enough was known of radio 
waves to make it clear that they travell-
ed, like light waves, in almost straight 
lines and were most unlikely to follow 
the curvature of the Earth across the 
Atlantic. Marconi, however, seems to 
have had different ideas, probably due to 
the long ranges he had already achieved 
at sea. Oddly enough, the work of the 
shy genius Oliver Heaviside, decades 
earlier, had showed that long-range radio 
communication would be possible 
because of the probable existence of an 
'ionosphere', a layer of split atoms high 
above the atmosphere which would 
reflect long-wave radio signals like a 
sheet of chicken-wire. Very few 
engineers,  however,  had  read 
Heaviside's report and fewer still could 
follow his arguments, so that it seems 
likely that Marconi was not familiar with 
the theoretical basis of his experiment. In 
December 1901, amid foul weather on 
each side of the Atlantic, he succeeded 
in transmitting one signal, the Morse 
coded letter S (three dots) from St. 
John's in Newfoundland to Poldhu, 
Cornwall, establishing for the first time 
that long-distance radio communication 
was possible and in the process knock-
ing thousands of pounds off the shares 
of companies concerned with trans-
atlantic cables! 

fr 

RADIO SIGNALS 
REFLECTED 

EARTH 

BANDS OF IONOSPHERE 

Figure 4. The Ionosphere. The layers of 
ionised (conducting) gas above the 
Earth act as reflectors of waves, 
particularly the longer wavelengths. 
The reflecting action is more 
pronounced at night when the 
remaining ionisation is further away 
from the surface of the Earth. 

This success gave Marconi the impetus 
to press ahead with the development of 
long-range radio and he installed equip-
ment of his latest design in the liner 
'Philadelphia', which was then able to 
attain 300 miles by day and a staggering 
range of 2000 miles by night. It was this 
difference between day and night 
ranges, incidentally, which helped to 
confirm Heaviside's idea of the 
ionosphere (Figure 4), which then gained 
support from a number of distinguished 
physicists. 
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• Famous Names 

Patents continued to pour out from 
the Marconi development laboratories, 
including improved detectors and, 
significantly, a horizontal directional 
aerial system. The first spectacular 
broadcast across the Atlantic was 
followed by events which captured the 
imagination of the public; the capture of 
the mass murderer Crippen on board 
ship, thanks to a radio message sent out 
from London, and the use of radio during 
the sinking of the Titanic in 1912. The 
Titanic disaster eventually led to the full-
scale installation of radio in all ocean-
going ships and the establishment of an 
emergency wavelength which was kept 
clear at all times and which operators 
were obliged to monitor for distress 
calls. The Marconi Marine Co., then as 
now, not only supplied equipment but 
trained operators and service engineers 
and a 'Marconi man', with this enviable 
background, had a passport to work any-
where in the world. By 1916, Marconi 
was working with shorter wavelengths 
(around 15 metres) and was demon-
strating beam aerials with very strong 
directional characteristics In 1918 the 
ultimate long-distance signal, England to 
Australia, was achieved. Marconi had, 
like Puck in Midsummer Night's Dream, 
encircled the Earth. 
By this time Marconi, awarded the 

Nobel Prize in 1909, could have retired, 
assured of fortune and fame in equal pro-
portions and with the inherited Italian 
title of Marchese. The work of the true 
pioneer, however, is always concerned 

with the next step and by the end of the 
First World War, Marconi was ready with 
more new ideas. By this time too, his 
employee David Sarnoff, in the USA, 
was convinced that radio had an equally 
bright future as an entertainment 
medium. Marconi was totally opposed to 
this, though he took an interest in the 
first demonstration of public broad-
casting from Writtle (near the Marconi 
works in Chelmsford) when the diva 
Dame Nellie Melba, using a microphone 
hastily rigged up with a cigar-box 
mouthpiece, made what was almost the 
first broadcast using Amplitude Modula-
tion (she had been preceded by one of 
the office secretaries who had been ask-
ed to test the equipment before Melba 
arrived). Marconi, however, refused to 
consider involving the Marconi company 
in the business of public radio reception 
and defined the firm's role as that of pro-
viding transmitting equipment and 
specialised receivers for communica-
tions only. Sarnoff resigned to form his 
own company, the Radio Corporation of 
America, but Marconi sold the use of his 
name for domestic receivers. This was a 
step that his fellow-directors bitterly op-
posed and, after Marconi's death, the 
Company tried to buy back the Mar-
coniphone trademark, but without suc-
cess. 
Moving on with more experiments, 

Marconi converted his steam yacht, the 
Elettra, to act as a floating laboratory, for 
the development of short-wave trans-
mitters and receivers. By 1924, he had 

obtained a contract from the Post Office 
to manufacture short-wave transmitters 
and receivers for the cablegram service 
and, by 1932, he was working with half-
metre wavelengths, getting close to the 
wavelengths that would soon be used in 
the early radar experiments. There is lit-
tle doubt that Marconi himself would 
have taken the initiative in radar had his 
health been better. As it was, he died in 
1937 surrounded by the tangible 
evidence of his success and with a 
worldwide organisation centred on his 
adopted home town of Chelmsford, 
Essex; a town so packed with mementos 
of Marconi that you can hardly move 
without coming across some evidence 
of Marconi's long stay there. 
As a footnote, the career of the yacht 

Elettra is worth recording. She was used 
as a test laboratory by MIMCO after Mar-
coni's death but met her end, like so 
many others of her age, at Dunkirk. After 
the Second World War, a converted 
Motor Torpedo Boat was bought and 
named Elettra II, to be used for the same 
purposes. It was a remarkable hulk, so 
top-heavy with aerials and radar equip-
ment that when it rolled, there was a 
sickening delay before it righted itself. 
Then, after a tour of Norway, it was 
found that all but one of the stringers (the 
longitudinal beams that were supposed 
to hold the ship together) was broken! 
Shortly after that it was scrapped and a 
new Elettra III commissioned. 

HE 

EXCITING OFFERS! 
DIGITAL VOLTMETER MODULE 

Fully built & tested 
•Positive and negative voltages with an F su 
of 999mV which is easily extended. 
•Ftequires only single supply 7 12V. 
•High overall accuracy ±01%  1 digit. 
•Large bright 0.43" ( 1 1 mm) LED displays. 
•Supplied with full data and applications 
information. 

Using this fully built and calibrated module as a basis now means that you can 
easily build a wide range of accurate equipment such as muttimeters, thermometers. 
battery indicators, etc. etc. at a fraction of the cod of ready made equipment. Full 
details are supplied with each module showing how to easily extend the voltage range 
and measure current, resistance and temperature. Fully guaranteed, the unit has been 
supplied to electricity authorities. Government departments, universities, the P.O 
and many companies. 

Temperature Measurement £2.15 +VAT 
An easily constructed kit us.ng an I.C. probe providing a linear output of 10mV/°C 
over the temperature range from -10°C to +100°C. The unit is ideal for use in 
conjunction with the above DVM module providing an accurate digital thermometer 
suitable for a wide range of applications. 

Power Supply 
£4.95 .VAT 

This fully built mains power supply provides two stabilised isolated outputs of 9V 
providing current levels of up to 250mA each. The unit is ideally suited for power 
mg the DVM and the Temperature Measurement module, 

ULTRASONIC 
ALARM 
MODULE 
Fully built 
& tested 

..44 Range adjustable 
-moo.  from 

effective fully built 
module which contains 

both ultrasonic transmitter 
and receiver, together with the 

necessary circuitry for providing the 
appropriate delays and false alarm suPd 

ression. Using this module with a suitable 
12V power supply and relay unit such as that 

shown, a really effective though inexpensive intruder 
alarm may be constructed. The module, which is suPP 

lied with a comprehensive data sheet, is easily mounted in 
a wide range of enclosures. A ready drilled case, together with 
all the necessary hardware, is available below. 

Power Supply & 
Relay Unit  £3.95 •VAT 

pOldi M Y a st al,.I.sed 12V supply and a 
s.p.c.o. relay with 3A contacts, this unit 
is designed to operate in conjunction with 
the above ultrasonic unit. Fully built and 
tested, its compact size makes it ideal for 
constructing the smallest of units. 

Siren Module 
£2.57+ VAT 
Producing a very loud and penetrating 
wailing sound, this module operates from 9-
15V. Capable of driving one or two 8 ohm 
speakers. Suitable horn speakers available at 
£4.30 each + VAT. 

Hardware Kit £3.95 rVAT 
A  • drilled case together 

11,.t.11i ng pillars, nuts and bolt. 
and including a mains switch and 2it, 
sockets designed to house the ultrason 
, alarm module, together with its associalc,' 
power supply. Size 153mm v 120mm 
45mm. 

In addition to the above a wide range of competitively priced electronic 
components is stocked. Please telephone your specific requirements 

•V.A.T. must be added on all items.  •Shop hours 9 5.30 (Weds. 9 1) 
•ex-stock delivery on all items •Units on demonstration, callers welcome 
•Post and packing charge 50p per order. • S.A.E. with all enquiries please 

RiSCOMP LiMiTED 
Dept H.E.5. 
21 Duke Street, 
Princes Risborough, Bucks. 
Tel Princes Risborough 1084 44/ 6326 
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WE WILL BEAT BY 5% ANY LOWER PRICE ADVERTISED BY COMPETITORS* 

CA-85 

W-100 
Resin 

case/strap 

£19.95 

W-150C 
S/S case. 
resin strap 

£21.95 

WATER RESISTANT WATCHES 
With Alarm, Hourly Time Signal, Stopwatch and Calendar 

100 METRE WATER RESISTANT 

W-150 
AU 
S/S 

£24.95 

Time and auto calendar. Alarm and hourly chimes 
Countdown alarm timer with repeat memory function 
Professional 1,100 second stopwatch. Time is always on 
display, regardless of display mode  Amazing 5 year 
lithium battery life Superior to the W-250 

50 METRE WATER RESISTANT 

AA-92W 
(left) 
All S/S 

£25.95 

W-51 
(right) 
All S/S 

£22.95 

AA-92W. LCD Analog display of hours and minutes, with 
sync digital seconds. Dual time Digital display of time 
and  calendar  Alarm,  with  "carousel"  display. 
Countdown alarm timer with amazing "Starburst" 
display. Hall hourly chimes Long life lithium battery. 
W-51. The same module and functions as the W-150. 

W-20 
Resin 

case strap 

£12.95 

W-21 
Resin 
S/S trim 

£14.95 

W-30 
All 
S s 
£19.95 

12/24 hour time and auto calendar. Alarm and hourly 
chimes Professional 1/100 second stopwatch to 12 hrs. 
Compact and slim cases, approx 8mm thick. Lithium. 

OTHER MODELS 

Resin 
Usually f 19 95 
Price elsewhere 

* £18.95 

CA-901 
Chrome 

Usually f29 95 
Price elsewhere 

*£27.95 

J-100 
Resin 

£19.95 

CA 85/901. Time and auto calendar. Calculator Alarm 
and hourly chimes  Stopwatch  Dual time. DIGITAL 
SPACE INVADER game. 
J-100. Similar to the CA-85 but without dual time and with 
a JOGGING COMPUTER instead of the game function 
GM.10. Alarm chrono with SPACE INTERCEPTOR game 

119.95 
AA-85. As AA-92W but in chrome, non W/R case 122.96 
F42. Alarm chronograph. Resin case and strap  110.95 
Ladles models 
LM-3. Melody alarm, stopwatch. Resin. S/S trim  114.95 
LW-5. Time/date/stopwatch. 50m W • R resin case  18.95 
LW-800C. 6 digits. Time, date, 1/100 second stopwatch 
100m Water Resistant Si S case with resin strap  118.95 

•Providing the advertiser has stocks and we do not sell at 

a loss  

AX-210. The world's most versatile watch? 
Analog Display 
LC Display of hours and minutes 
Digital display 
• Local time, 12 or 24 hour 
• Full calendar display 
• Dual time, 12 or 24 hour 
• Alarm time display 
• Countdown alarm timer 
with memory function. 

• Professional 1/103 second 
stopwatch. 

Hourly time signal. Daily alarm-
electronic buzzer or 3 selectable 
melodies. Rapid forward 'back 
setting 9.4 x 35.4  36mm 

Usual Price £29.95 
Lowest price elsewhere 

*  £27.95 

CALCULATORS 

1100 POCKET CO MPUTER. Casio FX 702P 
NO W ONLY 199.95 

FX 602P. Usual price £74.95  Price elsewhere 171.95 
FP 10 Printer 1- 44 95 I elsewhere £41 951  FA-2 £19.95 

OUR BEST SELLING SCIENTIFIC 

FX-3600P 
10 digits, 61 scientific functions 
including Integrals and 
Regressional analysis. Up to 38 
program steps, 2 programs and 
7 memories,  all  non-volatile. 
Wallet size 1,300 hour battery 

Usual Price (22.95 
Price elsewhere 

*  £21.95 

FX-180P. Hand held version without hyperbolics  119.95 

FX-8100 Scientific with Clock. 
Alarms and Stopwatch 

8 digits, 49 scientific functions. 
Clock, hourly chimes, alarm. 
2 countdown alarm timers. Auto 
calendar. 1/100 second pro 
stopwatch. Complete with wallet 

Usual Price 119.95 

Price elsewhere £23.95 * 

FX-550 
10 digits, 50 scientific functions 
including hyperbolics, standard 
deviations, etc. Si 16 x 2 7/8 x 
5 'ix". Wallet. 1,300 hour lithium 
battery life. 

Usual Price f 19.95 
Price elsewhere 

*18.95 

FX 5 £8.95, FX 7 110.95, FX 82 112.95 t 16 95 

CALCULATING ALARM CLOCKS 

'8i' If; 06 
16.•  eve 

III OW  a 

111 1111 111 6111 111 

01 1.111111111 11111M 

0 111111 611 1111 111 

FT.7 Fortune Teller and Match maker 

Clock, alarm, hourly chimes, calendar. Predictions of 
individual  fortunes  (health,  gambling ,• investment, 
business and love), or the compatibility between two 
persons on any given day. Usual Price £1695 

Price elsewhere * 115.95 

BG.15. Boxing game, alarm clock, calculator Usual Price 
f 16 95. Price elsewhere 115.95 
ML-75. 12 melody alarms, clock, calculator  114.95 
ML-120. Wallet version of above  f 14 95 
ML-2000 122.95. UC-3000 127.95. UC-3601365 119 95 

BASIC CALCULATORS 
MG-77 Compendium of Games 

A game of chance, a game to test 
your reactions and a game to tax 
your intelligence. Plus a very useful 
clock as well and, of course, a 
wallet sized calculator. 

ONLY £14.95 

SL 801 Solar £8.95 HQ 25 Time calculations 19 95 

CATALOGUE ON REQUEST, 15̀hp STAMP 
APPRECIATED 

SENSATION 
of the Japanese Music Fair 

CASIOTONE 701 COMPUTERISED 
ORGAN 

Fully Programmable, 5 Octave. Polyphonic Keyboard 
"THE instrument of 1982  probably the best instructive 
keyboard I have come across But it is also a top line 
musical instrument capable of satisfying even the most 
proficient musician' Keyboards Et Music Player. 

Plowl 
CT-701  (ARP f 5551  ONLY £495 

Program the 343 melody steps and the 201 chord steps, 
I max.) with music specially scored in bar code and read by 
a light pen, or enter your own chords and melody via the 
keyboard, with full editing and repeat facilities. 3-way 
replay:- Automatic; One Key Play; Melody Guide, (lights 
above the keyboard indicate the next note to play). Split 
keyboard;  20 superb instrument voices;  16 rhythm 
accompaniments; fingered or auto chords with walking 
bass and arpeggio; full-in and effect buttons. 37% x 13-
7, 16 x 5 inches. Weight: 12.5kg (27.6Ibs). 
CT-601. As 701 but without programming functions 

COM MON SPECIFICATIONS 
All Casiotones (except VL Tones) are 8-note polyphonic. 
They all have built-in amplifiers and speakers, with output 
packs for headphones and external amplification and a 
pitch control. CT models are mains only and have volume 
and sustain pedal jacks. 

CT-403 

RP £325 
ONLY £275.00 

25 instruments over 4 octaves. Four voice memory 
function with push button selection. Vibrato and sustain 
switches. 16 rhythm accompaniments with fill.in variation 
Casio Auto Chord for one finger or auto playing of major, 
minor and 7th chords with bass. Ten functional controls 
4 3/8  30 3/8 x 11 3 .4. Weight 17.61bs. 

CT-202 

RAP £325 
ONLY £275 

"Son of success .. The two harpsichords demonstrate 
the Casiotone's talent for sparkling crystal clear tones. 
Even more impressive is the clay  

(Melody Maker) 
49 instruments over 4 octaves. 4 voice memory function 
with push button selection. 3 vibrato settings and sustain 
3 lir r 34  11 1/2 " .  16.81bs. 

CT-101. Similar to 202 but has 22 voices  ONLY 1195 

MT-40 

• ‘‘••%• A, 

...•• • 
RRPf 125 

ONLY £99 

37 key, 3 octave keyboard plus 15 key bass keyboard with 
automatic, synchronised bass function. 22 instrument 
voices; 6 auto rhythms with dual fill-in. Sustain and 
Vibrato. Battery powered, or optional mains adaptor AD-
I E 1151.23 x 7  2-7/16 inches. Weight 4.91b. 
VL-TONE. Become an Instant Musician with this amazing 
programmable Musical Instrument. 10 auto rhythms, four 
voices -I- ADSR. 2 extra books worth -5.00 FREE. 

£35.95 

Price includes VAT and P&P. Send cheques, PO, or phone your ACCESS, VISA or B'CARD number lo: 

TE MP US 
LEADING CASIO SPECIALISTS 
Dept HE 
38 Burkigh Street, Cambridge CBI 1DG 
Telephone: 0223 312866 

CATALOGUE 
ON REQUEST 
15 1/2 p stamp 
appreciated 
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COMPUTER KEY SWITCHES Iretake your own keyboed 
These are for making up on a p.c.b. and consist of a vertical mount 
no computer type reed switch, which makes circuit when a magnet 

passes over it. The magnet is located in 
the Plastic 3Iunger which in turn is 

depressed by a push rod, to 
which the legended top is 

fixed. These are made 
up in banks of 

6. price £2.30 
per bank of 6 

40  ..ps  (including tops) 

OUR CAR STARTER AND CHARGER KIT has no doubt saved 
many motorists from emIsarrassment in an emergency you can start 
car off mains or bring your battery up to full charge in a couple of 
hours The kit comprises 250w mains transformer, two 10 amp 
bridge rectifiers, aart/charge switch and full instructions You can 

assemble this in the evening, box 0 up or leave it on the shelf in the 
wrage whichever suits you best. Peso. £12.50 • £3.00 post 

GPO HIGH GAIN AMP/SIGNAL TRACER In case measuring 
only 5'4in • 3'.in x I Yon is an extremely high gain (70d131 solid 
state amplifier designed for use as a signal tracer on GPO cables. etc 

With a marlin it functions very well as a signal tracer By connecting 
a simple coil to the input socket a useful mains cable tracer can be 
made Runs on standard 400 battery and has input, output sockets 
and on.of I volume control, mounted flush on the top Many other 

"an include general purpose amp, cueing amp, etc An absolute 
bargain at only £.85. Suitable 813ohns earpiece 690• 

COMPUTER PRINTER FOR ONLY £6.95 
Japanese made Epson 310  has a self starting. brushless, trans',, 
oases/ d.c motor to drive the print hammers, print dru m  tape 
forward/reverse and paper feed. 

Complete in module form 'von electronics including Printer 

Synchro Signal Amplifier & Printer Reset Signal Amplifier Brand 
new and with technical data. E6.95  C.35 post Data separateh 
or £1.00. 

SUPER HI Fl SPEAKER 
CABINETS 
Made for an expensive Hi-Fi outfit 
will suit any decor Resonance 

tree Co -outs for 6'6" woofer and 
2.5" tweeter. The front material is 
Dacron The completed unit is most 
viewing. Supplied re pairs, price 
£13.90 per pair (this is probably less 
than the original cost of one 

,abrnet) carriage £3 00 the pair 

GOODMANS SPEAKERS 
6'4" 8 ohm 25 watt £4.50. 2'4" 8 ohm 
tweeter. £2.50. No extra for postage if 
ordered with cabinets. Xover £1.50. 

VU METER SNIP 
Approximately 1 5/8" square. suitable for use 
as a recording level meter power output in. 
dicator or many similar applications. Full vision 
front, cover easily removable if you vvith to 
alter the wale Special snip price £1.00 or 10 
for £9.00. 

MOTORISED DISCO SWITCH f wia/  
$ With 10 amp changeover switches Molt,. 

adjustable switches all rated at 10 amps, 
this would provide a magnificent display 
For mains operated 8 switch model 

£6.25, 1() switch model £3.75, 12 switch 
model £7.25. 

12v MOTOR BY SMITHS 
Made for use in car s, ihese are series 
wound and they become more power. 
to' as load increases Sire 3'o" long 

hy 3" dia These have a good length 

of '"" spindle - price £3.45. 
Ditto, but double ended £4.25. 

EXTRA POWERFUL 12v MOTOR 
Made to work battery lawnmower, this probably develops UP 10 
'• hp., so it could be used to power a go xart or to drive a 
ompressor, etc. etc  £5.90 • £1.50 post 

THERMOSTAT ASSORTMENT 
10 different thermostats 7 b metal tyres and 3 liquid types. 
There are the current suits which will open the switch to protect 

devices against overload, short circuits, etc., or when fitted say 
in front of the element of a blow heater, the heat would trip 
the star if the blower fuses, appliance stets, one for high temp-
eratures, others advistable over a range of temperatures which 
could include 0  100.C. There is also a thermostatic pod which 

can be immersed, an oven stet, a calibrated boiler stat, finally an 
ice stet which. fitted to our waterproof heater element, up in the 
loft could protect your pipes from freezing Separately, these 
ther mostats could cost around£1 5 03  however, you can have 
the parcel for £2.50 

UNIVAC KEYBOARD BARGAIN 
50 keys, together with 5 miniature toggle switches all mounted on 
• p c.b. together with 12 i.c.'s. many 
transistors and other parts 
£13 50 • £2.00 post. 
This is far less than the value of the 
switches alone. Diagram of this key. 
board is avertable separately for £1. 

116111616 . 

SOLENOID WITH 
PLUNGER 
Ma,ns operated El.99 
10  12 volts DC 
operated £1.50. 

FREE OUR CURRENT BARGAIN LIST WILL 
BE ENCLOSED WITH ALL ORDERS. 

MULLARD UNILEX 
A mains operated 4 • 4 stereo 
system. Rated one of the 
finest perfor mers in the 
stereo field this would 
make a wonderful gift for 

almost anyone. In easy to assemble 
modular form this should sell at about £30 
-- but due to a special bulk buy and as an in. 

rennin for you to buy this month we offer the sys-
tem complete at only £16.75 including VAT and post 
FREE GIFT - buy this month and you will receive a pair of 

Goodman's elptical 13- x5" speakers to match this amplifier, 

3 CHANNEL SOUND TO LIGHT KIT 
PCaormtsp floetr ea kit of  -- --   -- 

three-channel 
sound to light 

unit controll-
ing over 2000 
watts of light 
orig. Use this 
at home if 

you wish but it 
is plenty rugged enough for disco work. The unit is housed in an 

attractive two•tone metal case and has controls for each channel, 
and a master on/off. The audio input and output are by Yr" 
sockets and three panel mounting fuse holders provide thyristor 
nrotection A four-pin plug and socket facilitate ease of conn ect. 
cg lamps. Special snip price is £14.95 in kit form or £25.00 
assembled and tinted 

FIVE UNUSUAL SWITCHES 
For inventors, experimenters, service engineers, students or in 
fact anyone interested in making electrical gadgets. The parcel 

contains - delay switch - motor driven switch - two-way and 
off switch - polarity changing switch - and humidity switch Our 
regular price for these switches bought separately is over £ 0, but 
this month you can have the 5 for £2.50. 

[IONISER - AIR FRESHENER Headaches, tiredness and that "Thundet y 

Weather Feeling" - Scientist's say are caused bs 

an excess of positive ions, they also say that 

heaters and other modern aids can cause this ion 

unbalance. The answer is a negative ion generate , 

or ioniser - this mains operated device will fill 

your ho me, office or workshop with a refreshing 

breeze neg. Ions, which you will find both sli m• 

ulating and invigorating. Co mplete kit in neat 

sturdy plastic case. £14.95. 

THIS MONTH'S SNIP 

SPIT MOTORS 
1 2  These are powerful mains operated 

induction motors with gear box 

atteched. The final shaft is a Y." rod 
with square hole. to you ha w altern• 
ative couplingmethoch -- final speed 
is approx 5 rew/min, price £5.50. - 
Similar motors with final speeds of 
80. 100 160 61 200r.p.m same price 

EXTRACTOR FAN 
Mains operated  ex computer 
5" Woods extractor 

£5.95. Post £1.51) 
5" Planner extractor 

£5.50. Post £1.25 
4" x 4" Muffin 115v 

£4.50. Post 75p. 
4 x 4" Muffin 230v 

£5.75. Post 75p. 

8 POWERFUL 
BATTERY MOTORS 
For models, m wcanos, 

remote control planes, boats, 
etc £ 96. 

TAPE PUNCH & 
READER For controlling machine 
tools, etc, motorised B bit punch with 
matching tape reader Ex-computers, be-

lieved in good working order, any not so 
would be exchanged  £17.50 parr. Post 

£4.00. 

MI NI- M U L TI TESTER Deluxe pocket size precision moo-
r," coil instrument, Jewelled bearings - 2000 o.p.v. mirrored scale. 

11 instant range measures  DC volts 10, 50, 250, 1000. 
AC volts 10, 50, 250, 1000. 
DC amps 0 - 100 mA 1 Continuity and resistance 0 • I meg ohms in 

two ranges. Complete with test prods and in. 
'auction book showing how to measure cap. 
acity and inductance as well Unbelievable 

value at only £6.75 • 60p Post and insurance 

FREE Amps range kit to enble you to reed 
'Ilk,  DC current from 0 • 10 amps, directly 

on the 0 10 scale It's free if you 
purchase quickly, but of you already 
cowl a Mini-Tester and would like 
one send £2.50. 

J. BULL (Electrical) Ltd. 
(Dept. HE), 34 - 36 AMERICA LANE, 

HAYWARDS HEATH, SUSSEX RH16 3QU. 
Established 
30 YEARS 

TRANSMITTER SURVEILLANCE 
Tiny, easily hidden but which will enable conversation to be 
poked up m a. FM radio. Can be made in a matchbox - all 
electronic parts and circuit. £2.30. Inot licenceable in the U K • 

RADIO MIKE 
Ideal for discos and garden parties, allows complete freedom ra. 
movement. Play through FM radio or tuner amp. £6.90 comb 
kit. (not licenceable in the 1.).K.). 

FM RECEIVER 
Made UP end working, complete with scale and pointer needs only 
a headphone, ideal for use with our surveille ve transmitter or 
radio mike. £5.85. 

LEVEL METER 
Size approximately l's" square, waled signal 
and power but cover easily removable for 

rescaling. Sensitivity 200 uA. 75p. 

POCKET AUDIO COMPONENT TESTER 
With it you can quickly test diodes, rectifiers, transistors, capecit• 
ors, check wiring and p.c. boards for open circuits, find the anode 
and cathode of a diode or rectifier and whether a transistor is PNP 
NPN, which are the base collector and emitter connections Con. 

denser,, if bad, give a continuous signal, but if good, give intermit-
tent signals of varying length depending on their value. The test 
current is very low 12uA I and the voltage only 1.4V, so it is also 
possible to check MOS devices, as well as sensitive transistors with. 
out fear of damaging them The unit is supplied complete with 
internal battery, which should last many months Price £3.45. 

VENNER TIME SWITCH 

i
Mains operated With 20 amp switch, one 
on and one off per 24 hrs. repeats daily 
automatically correcting for the lengthen-
ing or shortening day.  An expensive time 
switch but you can have it for only £2.96. 
These are without case but we can supply 
a plastic base £1.75 or metal case with 
window £2.95. Also available is adaptor 
kit to convert this into a normal 24 hr. 
time switch but with the added advantage 
of up to 12 on/offs per 24 hr, This makes 

an ideal controllerfor the immersion heater 
Price of adaptor kit is £2.30. 

STEREO HEADPHONES 
Very good quality, 8 ohm 
impedance, pedded, term. 
lowing with standard 'S" 
lack'Pluq £2.99 post 60p. 

DELAY SWITCH 
Mains operated  delay can be accurately 
set with pointers knob for periods of up 
to 2'/rho, 2 contacts suitable to switch 10 

amps - second contact opens a few min. 
utes after 1st contact. £1.95. 

TIME SWITCH BARGAIN 
Large clear mains frequency controlled 
clock which will always show you 

the correct time • start and stop switch 
es with dials Complete with knobs 
£2.50. 

6 WAVEBAND SHORTWAVE RADIO KIT 
Beerhpread covering 13 5 to 32 metres. Based on circuit which 
aPPeared in • recent issue of Radio Constructor Complete kit in 
dudes case materials, six transistors and diodes, condensers, resist-

ors, inductors, twitches, etc Nothing else to buy if you have an 
amplifier to connect it to or a pair of high resistance headphones. 

£11.95. 

M E DI U M & 2 SH ORT W AVE CRYSTAL RADI O 
All the parts to make flit the beginner's modeL Price £2.30. Crystal 
earpiece 65. High resistance headphones (gives best results) £3.75. 
Kit includes chassis and front but not case. 

RADIO STETHOSCOPE 
Easy to fault find • start at the aerial and work towards the speak, 
- when signal stops you have found the fault. Complete kit £4.95 

INTERRUPTED BEAM 
This kit enables you to make a switch that will trigger when a 
steady beam of infra red or ordinary light is broken Main cora 

POnents - relay, photo transistor, resistors and caps, etc 
Circuit diagram but no case. Price £2.30 

MUGGER DETERRENT 

A highhote bleeper, push latching switch, plastic case and battery 
connector Will scare away any villain and bring help. £2.50 corn. 
pieta kit. 

TANGENTIAL BLOW HEATER 
25 Kw quiet, 
efficient instant 
heating from 
230/240 volt 
mains Kit consists 
of blower as 
illustrated. 2.5 Kw 

element, control switch and data all for £4.95. post £1.50. 

12V SUBMERSIBLE PUMP 
Just loin it to your car battery, drop it into the liquid to be moved 
and up it comes. no messing about, no pri ming, etc. and you get a 
very good head. Suitable for water, paraffin and any nonexplosive 
noncorrosive liquid. One uast if you are a camper, make yourself 
a sho wn.  Price: £9.50. 

MAIL ORDER TERMS: Cash, P.O. or cheque with order. Orders under 
£10, add 60p service charge. Monthly account orders accepted from schools 
and public companies. Access & Barclaycard orders phone Haywards Heath 
104441 54563. Bulk Orders: Write for quote. Normal delivery by return. 
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A SIGNAL TRACER for audio work con-
sists of an audio amplifier driving an 
earphone or loudspeaker, so that small 
signals can be detected at various 
points in the circuit. It is a simple refine-
ment, however, to include an AM 
detector, which will allow signals in the 
RF (Radio Frequency) and IF (In-
termediate Frequency) stages of 
medium-wave radios to be traced. The 
circuit shown in Figure 1 is easy to con-
struct and suitable for audio, RF and IF 
signal tracing. 
The circuit is divided into two 

stages. The first stage uses Q1 as a 
source follower, providing no voltage 
gain but a high input impedance (about 
1 Megohm) to prevent loading of the 
circuit being tested. The second stage 
supplies all the voltage gain (more than 
40 dB) by using Q2 in a common emit-
ter configuration. Q2 is biased near to 
cut-off by R5 and R6, so that it pro-
vides a crude form of rectification, as 
well as gain. Capacitor C3 acts as an RF 
filter and, in conjunction with the 
distortion from Q2, produces AM 
demodulation. 
The input signal to Q2 normally 

comes directly from Q1 via C2, but 
when a high level input is present, SW1 
can be set to the low' position; this 
avoids overloading by sending the 
signal through an attenuator network, 
R3, R4. 
Figure 2 shows the component 

layout on a piece of Veroboard (24 x 
10). The device is housed in a small 
plastic case, so that it can be hand-
held, and is connected to the circuit 
under test via a long M3 bolt (file the tip 
to a point) with a crocodile clip (on the 
end of a wire) used for the earth. 
The best technique for tracing a 

signal through a radio is to start at a 
point, in the signal path, near the first 
gain stage and work along the signal 
path towards the output. When you 
reach a point where the signal 
'vanishes' you have roughly located 
the fault. For example, if there is a 
signal present at the base of a tran-
sistor but not at its collector (or emitter, 
if it's an emitter follower), then the 
fault is probably in the transistor or the 
components around it. 

Parts List 
RESISTORS 
R1  6M8 
R2  1M2 
R3,R6  4k7 
R4  39R 
R5  2M7 

CAPACITORS 
C1 ,C3  10n polyester 
C2  22Cn polyester 
C4  100n polyester 

SEMICONDUCTORS 
Q1  2N3819 FET 
Q2  BC650 NPN silicon 

transistor 
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The home computer has been around for some time, now. Sc why are we, at this late stage. ntroducing a 
special supplement on the subject? After all, it already has enormous coverage in specialist maga ines, in the 
daily press, on radio and even on nationwide television. 
Qcite simply, because we believe that there is a she to computing that is NOT adequately covered 

anywhere else. 
For most people, the fun of owning a computer is in being able to write clever programs for garies, to keep 

mailing lists or to do the householo accounts. So it's not surprising that most magazines are basicaly software 
magazines. The other side of computers — the haidware side — is either ignored, glossed-over oil written for 
experts. 
As a magazine for electronics enthusiasts, we think it s about t me the bale Ice was adjusted. Hobby E ec-

tronics' Popular Computing supplement is intencleJ to do jJst that. We'll look at the computer frcrn both skies 

We begin with a critical look at co -nputers and computing. What is a microcomputer and just what can you do 
with it? Do you really need one? To many people, the cot-touter is The Marvel Of The Age and The Answer To 
All Their Problems. This is a condition that Jonathon Scott calls l 
MICRO-MANIA   "tiv7 

Every trade or profession develops a new set of words — or new meanings for old words — that m a peculiar to 
the subject. Cur glossary of computer jargon is by no means complete, but it will start to give you a better ed 
understanding of 

COMPUTER TALK   41 
Rearing and cfiscussion play a large part in understanding any subject — but there is no substitute for 'hands ,,‘' 
on experience'. So, if you are really determined to learn, you'll need a computer — but which one and hoẁ 9.1j1 
much will it cost? You'll have a t etter idea of the answer to trio first question after reading M CRO-MANIA. ' 
The second q Jestioh is answerei in our special y prepared guide to 

THE AFFORDABLE COMPUTER  45 41 
Popular Computing will appear monthly in Hobby Electronics. We're not going to give away oir plans, just 
now, but we've got some really good ideas for you in the months tc come. Lcok out for our soecial computer 
projects — you won't see them anywhere else, only in eoHLDTa_f_12 

Hobby Electronics' Popular Computing Supplement. 
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IN Popular Computing 

MICRO-MANIA 
Jonathan Scott 

What's really 
lurking beneath the 
keyboard of a PET, 
TRS-80 or ZX81 ? 
What can you 
do with it? 

ALL HOME COMPUTERS are based on 
the microprocessor integrated circuit. In 
fact this is physically a rather small part 
of that thing which comes in the box 
marked 'home computer'. It is a plain in-
tegrated circuit with 40 to 64 pins, and 
looks just like a lot of other ordinary in-
tegrated circuits. You could buy a com-
mon one for much less than £10, or for a 
classy one you might pay £100 or so. 
Most of the cost of the complete unit is 
the 'support' equipment -- the PCB, 
memory, keyboards and so on. But more 
of that later. 
How should we briefly characterise 

this device, upon which books have been 
written in abundance? Well, for anyone 
who has a good knowledge of com-
puters two single descriptions are 
enough, so we'll start there and work 
back. These are called the 'chip architec-
ture', and the 'instruction set'. Let us 
draw an analogy to make it clear. We will 
discuss a microprocessor, and consider 
a man sitting at a desk as the model. 
The architecture of a microprocessor 

(or CPU, for Central Processing Unit) is 
usually presented in the form of a small 
map showing the locations of significant 
'places' in the chip. It corresponds to the 
places in or on the desk where something 
may reside. In the CPU there will be 
several spots where a number can be 
held, just like the memory on a pocket 
calculator. Our man at the desk has, for 
example, the top of the desk, which we 
will suppose can hold only one number of 
the size the computer deals with at a 
time. There might be several drawers 
which can also hold one number apiece. 
If you want to hang on to a bigger 
number than will fit in one drawer, you 
must break it up and put it in several 
drawers. 
One popular CPU is the 6502; it has 

six locations. Some of these have fixed 
jobs. To keep a record of where the CPU 
is up to in its program — this corresponds 
to two drawers in the desk which hold 

the page number in a book the man is 
reading. The book is telling him what to 
do — it corresponds to the program. 
Another location is called the  'ac-
cumulator' and is the place where the 
result of a calculation usually goes — this 
is like the top of the desk. In your pocket 
calculator it is what you see in the display 
— the result. A third location is known as 
'stack pointer' and also holds a specific 
piece of information — the place where 
there is some free memory for holding 
any numbers you need to keep for a 
while. It is like a drawer in the desk in 
which a piece of paper is kept; written on 
the paper is where to fird some blank 
pages in a pad kept elsewhere lie outside 
the CPU). 

Temporarily Registered 
The other two registers ,n the 6502 are 
general purpose registers, typically used 
for temporary jobs, counting or indexing. 
The latter need not concern us yet but 
gives its name to these locations, called 
'index registers'. These are like two 
spare but handy drawers ir the desk. If all 
this has left you confused, ther we'll 
recap using figures. We have chosen the 
6502 as it is relatively simple (not a com-
plex architecture) and yet has most of 
the fundamental bits we need to discuss. 
It is used in Apple, PET and Acorn com-
puters, among others. 

The common CPUs on the market to-
day, like the 6502, 8080 and Z80, are 
'eight bit' units. This means that each 
number is eight bits wide, or is an eight 
digit binary number. Such numbers span 
a decimal range of 0-255, of course. Big-
ger numbers, or fractional ones, must be 
kept in several locations at once; this 
need not be a worry yet, as it falls 
naturally into place later. 
So now we know that CPUs have 

places in them like pocket calculator 
memories. What can they do with the 
numbers in these locations? The 'in-
struction set' is a list of all the possible 
commands. In a pocket calculator there 
are a fixed number of keys which either 
input a number, execute a function such 
as 'x', or get a result I = ). Our man at the 
desk can do a variety of things, such as 
"put the number on the next page of the 
book of instructions into the X-index 
register", or "go to such-and-such a 
place if the accumulator is zero". In the 
6502 there are about 150 different 
things which it can do in any one 'move' 
or instruction. A program understan-
dable by the CPU is composed entirely of 
these. 
The next most fundamental bit in the 

box is memory. This comes in two kinds 
— memory that you can put numbers in-
to yourself, rubbing out and replacing the 
numbers as you will, and memory which 
contains fixed numbers, which can 
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neither be changed by you nor rubbed 
out, even by turning off the power. The 
former is called RAM, (short for Random 
Access Memory); the latter is ROM, for 
Read Only Memory. In the computers 
you buy in the shops, a lot of useful pro-
grams which you need frequently are 
perpetually available within the com-
puter memory because they are in ROM. 
The size of the ROM (typically 4-16K for 
BASIC) reflects how comprehensive and 
convenient are the programs that you 
buy with the unit.  For instance, 
'4K-BASIC' is relatively small, and con-
sequently a coarse and limited version of 
BASIC. 8K would be more reasonable. 
Expensive commercial units might offer 
16K or more of language interpreter — 
quite big, and sporting many clever and 
useful work-saving pieces of program. 
The types of 'program' and their merits 
and uses  will  be covered  in the 
'Languages Within Languages' section. 
RAM is where the computer holds 

numbers and where the programs you 
type in are kept. Thus, the more of it you 
have, the bigger a program you can put in 
(in any given language) and/or the more 
numbers you can store at any time. 
Machines with only 1-4K of RAM must 
be regarded as small, and will be ade-
quate only if you are programming sim-
ple jobs in a very compact form. 16K is 
typical, and does most 'household' jobs. 
Machines with 64K or more are now 
available, but only a tough business job 
or a large commercial game will demand 
this. 

Peripheral Matters 
As well as the CPU and memory, a com-
plete computer will need some way of 
getting things from you — a keyboard; a 
way of getting things to you — a screen 
or printer; and a way of recording your 
program permanently so you can turn 
the machine off and not waste all your 
work — mass storage, usually a disk 
drive or audio tape facility. The keyboard 
can be like an electric typewriter, which 
is nice but adds to the cost, or it can be 
one of various sorts of economy 
measures ranging from one with only a 
few keys to one with those 'solid state' 
touch sensitive keys, with no moving 
parts. All will do the job, though if you are 
at all serious you will find that a full 
typewriter-style keyboard is the only one 
which does not eventually get on your 
nerves. 
The cheapest output, and the one 

used by many manufacturers, is a signal 
which will put words and numbers on the 
screen of a home TV set. This is neat and 
clear. Some computers just put out RF 
which you tune into with an unused slot 
in your TV tuner. This is quick, though 
not so good as the ones that put out 
video signals which can be fed directly to 
the video amplifier stages, bypassing the 
tuner. Video monitors, as they are called, 
give a clearer picture, although they 
must be specially purchased  — a 
measure to consider if you are serious. 
Some units leg, PET) include a video 
monitor, so you get one with the pur-
chase price. 
Finally, the mass storage. This just 

means a way of permanently recording 
your programs in a fashion which allows 

PROGRAM COUNTER 

DOUBLE LENGTH NUMBER WHICH ACTS LIKE A 
BOOKMARK. KEEPING YOUR PLACE IN A PROGRAM 

ACCUMULATOR 

THE MOST USED GENERAL LOCATION HOLDS A 
NUMBER WHICH MAY BE INSPECTED, MODIFIED OR 
MOVED ELSE WHERE AS COMMANDED BY THE 

PROGRAM 

STACKPOINTER 

HOLDS A NUMBER WHICH SHO WS WHERE WE CAN 
'STACK' UP NUMBERS WE NEED TO HOLD ON TO 
ELSE WHERE IN THE MACHINE FROM THE CPU 

X REGISTER Y REGISTER 

TWO INDEX REGISTERS. CALLED "X' AND '̀‘" 
HANDY GENERAL PURPOSE REGISTERS WHICH WE CAN 
USE FOR ANYTHING WE WANT - USUALLY COUNTING 
OR POINTING TO THINGS TOO BIG TO HOLD IN THE uP 

Elements of the 6502 CPU. 

you to load them back into the computer 
whenever you want. Most computers 
allow programs to be put onto an or-
dinary cassette recorder. This is ade-
quate at first, and it's cheap; but it is also 
slow, and you have to keep track of 
where on the tapes you have put various 
programs. Also, there is the occasional 
failure and you lose a recording — very 
painful. Once you are addicted and com-
mitted, a disc drive is really necessary. It 
is fast, reliable and keeps its own 
catalogue of what you have stored 
away. By the 40th program, this looks 
like a godsend! 

Languages Within Languages 
We have now discussed all the factors 
which reflect the comprehensiveness 
and the cost of home computers, and we 
have abstractly discussed CPU architec-
ture and said that they have a fixed range 
of instructions which they can execute. 
Now we will discuss what various 'levels 
of instructions' are available. These can 
all be called languages. 
The set of instructions which are 

native to a particular processor — say 
the 6502 — are said to comprise its 
'machine language'. These are fixed and 
unchangeable with any given CPU. The 
most fundamental program to a pro-
cessor is called its 'monitor', and this is a 
program written in and designed to deal 
with machine language. Consider what 
happens when power is first applied to a 
computer. It must have some starting 
place, some logical first move. In the 
Z80, the machine sets the program 
counter to 0 — which is to say that our 
man at the desk opens his book of in-
structions at the first page and puts the 
book mark there. In the 6502 the 'reset 
location', as this place is called, is near 
the very end of the range, rather like the 
index of the book. When power is first 
turned on, or when you push the 'reset' 
button because some catastrophe has 
scrambled up what you were doing, the 
bookmark gets back to this place — 
always the same place for a given brand 
of CPU. 
Living around this place is usually the 

'monitor' program. In computer jargon 
we say that "the monitor takes control", 
by which we mean that the processor is 
doing what the monitor program is teiling 
it to do. What does the monitor do? Well, 
first it prepares the computer for use by 
getting the keyboard and screen ready 
for action and generally checking that all 
is well. Our man at the desk might sud-
denly wake up, and he will first put his 
bookmark in the appropriate place, as he 
does each time he comes to the desk. 
That page tells him to adjust his chair, 
close all the filing cabinet drawers, turn 
on a light if it is dark, and so on. This will 
all be listed in the book — his 'program'. 
Once this has been done, the man will 

probably sit waiting for some work to 
come his way. The computer will, when 
it has finished setting up the job, wait for 
you to give it something to do by hitting a 
key or set of keys. The monitor has a few 
commands which allow you to effective-
ly look at any memory locations you may 
wish to inspect and to change them, to 
enter a number representing one of the 0  
instructions in the instruction set of the 
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CPU. It allows you to execute a group of 
these instructions and also to look, at 
any time, at the registers in the pro-
cessor. It may also give you some com-
mands helpful in finding errors in such a 
program — an act called 'debugging'. 
(mistakes in a program, of any type, are 
called 'bugs'.) 
Whatever commands a monitor 

understands will be outlined in some 
paperwork accompanying the unit, and 
need only be read up when you want to 
use the monitor. It is sufficient, at this 
time, to say that the monitor is a crude 
mechanism which is very close to the ac-
tual machine language of the processor. 
You need a knowledge of the architec-
ture and the instruction set to use it, and 
even then it is a slow and tedious process 
to write and enter programs in machine 
code. 
However, suppose we had a dic-

tionary — a dictionary which would 
allow us to look up nice familiar English 
words like 'multiply', and get the 
machine code instructions to do this. 
And suppose this dictionary lived in the 
machine already, so that you could type 
in a phrase like "if E/C = MC then beep" 
and know that if E/C does equal MC the 
machine will beep. Such a dictionary is 
often built in, and it is called a 'BASIC in-
terpreter', or just 'BASIC'. Interpreters 
come in other languages, too, though 
BASIC is more common today. Some 
machines have monitors that know if 
BASIC is in the machine and when they 
have finished getting the machine in 
order they hand control over to the 
BASIC program at once. Others require 
you to hit some specific key — mention-
ed in the sheet of instructions that go 
with the monitor — to cause BASIC to be 
executed. 

BASIC English 
With BASIC in control, you can type in a 
lot of these words,  recognised by 
BASIC, and then have them executed — 
or 'interpreted', as the jargon goes. 
There are words to make calculations, 
words to make decisions, words to col-
lect bits of information from the user via 
the keyboard, and words to make things 
happen on the screen. These new words 
may be regarded as a new 'instruction 
set', just like the one we mentioned 
before, except that they are more 
English-like, and they are also substan-
tially similar from one machine to 
another. These are the two major advan-
tages — BASIC is easier to think out, and 
does not demand a knowledge of the 
CPU inside the machine. The price is 
speed — BASIC is very slow compared 
to machine language — but the reward is 
speed of writing and the ability to put the 
program into your neighbour's machine 
(although it has perhaps a different CPU 
in it), because the words of BASIC are 
standardised. The 'dictionary' inside the 
machine does the translation for you. 
There are better languages than 

BASIC, each with advantages, which 
will come soon to home computers. 
Pascal is even more 'English-like' in its 
appearance, for instance, and FORTH is 
much faster to execute — you can take 
your pick on some machines. 
This "language within a language" is 

just one more level of flexibility. In fact 
there is, within the IC itself where you 
cannot see or change it, another 
language called 'microcode' and a dic-
tionary to translate this into the par-
ticular machine languages of your CPU. 
The microcode carries out the range of 
machine language instructions using an 
even cruder set of instructions which are 
actually hardware implemented (with, 
yes, transistors!). 
One more point about the languages. 

We have called them 'interpreters'. An 
interpreter will take a lot of words in 
BASIC, say, which are your program, 
and execute them (in machine code) as it 
goes. This is slow because it does the 
'dictionary-looking-up' as it goes. There 
is another type of 'dictionary program' 
which spends some time translating all 
the words before it even comences the 
actual running of the program. This pro-
cess is called 'compilation', and such 
programs are called 'compilers'. The ad-
vantage is that the actual program runs 
faster than before, but the penalty is that 
you have to spend some time compiling 
beforehand, and if you make a change in 
the original ('source', in the jargon) you 
have to re-compile the whole thing. In 
general, the enthusiast's home machine 
is not geared up for this, and you are bet-
ter off with an interpreter and a little 
machine level programming if need be. 

What Can You Do With It? 
This is of course the  200-plus ques-
tion. As you take it out of the box, there 
are really only two valuable uses for a 
home computer in its basic form: 
teaching yourself about computers and 
playing games. Now the skill of writing 
computer programs has two good 
points; first it will help you get into the 
computer industry or make it easier for 
you to talk to people in it already, and se-
cond it is an excellent mental exercise 
like chess or Mastermind. If these are not 
of interest to you, perhaps it is time to 
think again. Playing games is really self-
explanatory — if you pour lots of 10p 
pieces into video games, then you have 
an idea what this function is worth to 
you. 
But there must be other areas where 

the home computer can be useful in the 
home. There are other uses, but they fall 
into two categories — ones that only pay 
off when you do things on a grander 
scale than you can at home, and jobs 
which require some specific 'peripheral' 
connected to your machine (which costs 
extra, of course). Now the keeping of 
mailing lists or stock inventories is one 
well-known task. Quite honestly, these 
require expensive printers and only begin 
to be labour-saving with more than 50 
people and two mass-mailings a year. 
You, the private householder, are very 
unlikely even to save effort, let alone 
cost. 
The keeping of cross-reference 

recipes is another potential job, but you 
have to be a fantastic cook, not to men-
tion a religious bookkeeper and typist to 
get all the data into the machine and 
benefit from its being there. The closest 
you will ever get to that as a useful 
pastime is if someone markets a disk 
with them all on it, for about £10. 
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Next come the programs which re-
quire some additional peripheral, such as 
modems, joysticks, plotters, heat sen-
sors, position sensors, movement sen-
sors, switched mains sockets, or a 
custom peripheral, such as a morse code 
translator . . . 
In future issues, we'll be developing a 

whole range of simple, but interesting, 
gadgets you can hang off the end of your 
computer. We will conclude this article 
with a few ideas that will give you a hint 
of what you can get up to with your 
home computer. 

The Morse Maniac 
One of the most ingenious purposes to 
which a computer has been put is the 
operation of a morse radio station in an 
amateur DX contest. In these contests, 
you score points for simply exchanging 
call signs, often going through a simple 
ritual of introduction. All the com-
munication is by morse, and what is said 
is simple, fixed, and repetitive. Once the 
contact has been made you need only 
record time, callsign, etc, and maybe 
post off an acknowledgement later. 
This can be done easily with a com-

puter — it searches regularly through the 
bands, finds a station, sends the ap-
propriate message (in morse), receives 
and decodes the morse response, 
records it all on a printer or a disk, and 
says goodbye. This it does as fast as 
possible, night and day, taking not the 
slightest break. When the contest is over 
it can print out all the acknowledge-
ments. All that is required is a small box 
capable of keying the transmitter (allow-
ing the computer to send), and capable 
of telling the computer when carrier and 
modulation is being received — a minor 
electronic feat. This job is specifically for 
the ardent ham, of course, but then most 
computer jobs are specific to some 
pastime. 

The Clever Watchdog 
Burglar alarms, particularly the quickly 
installed area types such as radar units, 
are prone to false alarms because the 
unit cannot tell the difference between 
the odd disturbance of a rattling win-
dow, or power surge on the supply, from 
a man walking across a room. However, 
a computer can analyse the doppler 
response and eliminate freak or definite-
ly non-human responses. If you hook an 
analogue-to-digital converter between 
the radar and the computer (only a few 
E's worth of bits and pieces), the latter 
will perform quite sophisticated event 
filtering, giving alarm only when intru-
sion is fairly definite. It even simplifies 
the electronics in the radar module, very 
considerably reducing its cost! 
This function ties up your machine, of 

course, but only when you are out, so it 
might pay off if you live in a risky area. In 
addition it can turn lights and ap-
plicances off and on, making the house 
look inhabited  — with the  right 
peripherals, needless to say. If you 
devise an excellent program to do this, 
you might even end up selling it to one of 
the computer houses who buy such 
things and make them available to 
others, or to a magazine like this one. 

The Formula One Computer 
The author of this article has interfaced a 
common home computer to a slot car 
track. This required the computer to 
have control of the current into the car 
and a set of position reporting sensors 
dotted around the track. It makes for 
very interesting programming, working 
out how to enable the computer to adjust 
its driving habits to adapt to a car or 
layout and achieve close to the best 
possible performance. In the same vein, 
a computer can make a very realistic and 
varied model railway organiser, giving in-
teresting hands-off movement and 
shunting, though this requires quite a lot 
of interfacing hardware. 

The Computer Mail Order 
At least one chain of electronic compo-
nent and hi-fi stores in far-off Australia 
sell a small peripheral for their line of 
home computers which allows your 
computer to do your mail ordering direct 
to their computer. You prepare your 
order; a program that comes with the 
peripheral does this on your screen. Next 
you phone up the store's computer. 
Then you hand the phone over to your 
computer, tell it to go, and in a couple of 
hours their computer has despatched the 
goods and charged your account or 
credit card. Very neat indeed, and there 
are no middlemen to lose or confuse your 
order. This is going to become more 
common, thought not quickly. 

The Wordprocessing Wizard 
Wordprocessing may once have been 
the domain of commercial computers, 
but it has now really taken off at the 
domestic level. All you need is a printer 
with a pleasant typeface. Programs are 
becoming available which will correct 
your spelling of up to 10,000 common 
words, and then set out anything from a 
party invitation to a business letter. 
While you might not be able to justify the 
expense of a home computer, or the 
printer, just for this purpose, it is worth 
having the program if you already have 
the equipment. There is some value to be 
gained from a precise and correct job ap-
plication, for example. In addition, if you 
are in it for the programming experience, 
it may be worthwhile writing your own 
program for the job, or a copy of one you 
have seen used but want to improve. 

Conclusion 
Well, there are some ideas to start your 
imagination rolling. If you have a little 
constructional experience, so much the 
better, as you may be able to fashion 
your own interfaces so you can more 
cheaply hook up the computer to your 
train or your home appliances. Here at HE 
it is our intention to publish programs and 
constructional articles to assist those 
with home computers. If you are think-
ing about it, we hope this article has 
given you some idea of what's possible, 
and how involved you must get to reap 
the benefits. For those such as your 
children, who are growing up in a very 
computer-involved world, the ex-
perience will be invaluable, and for you it 
may become a very productive hobby, 
especially if you get involved in the hard-
ware side as well as programming. HE 
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The ever increasing demand for Computing Today has meant that, 
despite our printing more each month, some readers seem to be 
missing out on their regular copy. 

If you would like to ensure a regular supply for the next twelve months, 
each issue lovingly wrapped and posted to you, nothing could be 
simpler. Just fill in the form below, cut it out and send it with your 
cheque or Postal Order (made payable to ASP Ltd) to: 

Computing Today Subscriptions, 
513 London Road, 
Thornton Heath, 
Surrey CR4 6AR 

Alternatively you can pay by Access or Barclaycard in which case 
simply fill in your card number, sign the form and send it off. Do NOT 
send your card. 

Do yourself a favour, make 1982 the year you start to take Computing 
Today every month, we'll give you a truly 

Personal Approach To Microcomputing. 
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SUBSCRIPTION ORDER 
FORM 

Cut out and SEND TO: 
Computing Today Subscriptions 

513, LONDON ROAD, 
THORNTON HEATH, 

SURREY, 
ENGLAND. 

Please commence my personal subscription to Computing 
Today with the   issue. 

SUBSCRIPTION 
RATES 
(tick  as 
appropriate) 

£11.50 for 12 issues 
U.K 
£15.15 for 12 issues 
overseas surface 
£4.75 for 12 issues 
Overseas Air Mail 

LM Veil= . . . . . . . . . 

fl 

I am enclosing my (delete as necessary) 
Cheque/Postal Order/International Money 

Order for f   
(made payable to A.S.P. Ltd) 

OR 
Debit my Access/Barclaycard • 

( 'delete as necessary) 

Please use BLOCK CAPITALS and include post codes. 

Name (Mr/Mrs/Miss)   
dilate accordingly 

Address   

Signature 

Date   
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COMPUTER 
TALK 
If the Microcomputer Bug has taken a 
Byte, you'll need an Interpreter to 
Decode the jargon of Computer-Talk. 
Keep this Print Out handy to Refresh 
your Dynamic Me mory! 

Accumulator 
The register where arithmetic or logic 
results are held. Most CPU instructions 
manipulate or test the accumulator con-
tents. 

Address 
A label or name (usually a binary or hex-
adecimal number) specifying a particular 
memory location. 

Alphanumeric 
Letters and numbers. 

ALU 
Arithmetic Logic Unit. That portion of 
the microprocessor which performs 
calculations according to a set of instruc-
tions. 

Array 
A group of related variables or constants 
— generally given a name or a label. 
Arrays are often located in consecutive 
memory locations. 

ASCII 
American Standard Code for Information 
Interchange  — representing letters, 
numbers etc by 128 permutations of a 
7-bit code. 

Assembly Language 
Means of representing program state-
ments in mnemonics and conveniently 
handling memory addressing by use of 
symbolic terms. 

Asynchronous 
Operations that initiate a new operation 
immediately upon completion of current 
one — not timed by system clock. 

BASIC 
Beginner's All Purpose Symbolic Instruc-
tion Code. An easy to learn, widely used 
high level language. 

Batch Processing 
A method of computer working in which 
a large number of transactions are 
grouped together before processing and 
which are then passed through the 
various stages of processing as a group 
or batch. This was the original method of 

data processing tor commercial work 
and contrasts with interactive process-
ing. 

Baud 
Measure of speed of transmission line. 
Number of times a line changes state per 
second. Equal to bits per second if each 
line state represents logic 0 or 1. 

Baudot Code 
Five-bit code used to encode alpha-
numeric data. 

BCD 
Binary Coded Decimal. Means of repre-
senting decimal numbers where each 
figure is replaced by a binary equivalent. 

Benchmark: 
A standard computing task used to 
measure the relative speeds of different 
processors. 

Bit 
A single binary digit, representing either 
a 'one' or a 'zero'. 

Boot 
An instruction or very short program-
which will initiate a computer's opera-
ting system (short for bootstrap). 

Binary: 
Numbering system with the base 2, 
using the digits 0 and 1 instead of the 
decimal series 0 to 9. All digital com-
puters work on data and instructions 
presented as binary numbers. 

bps 
Bits Per Second — a rate of data 
transmission between services. Eg 300 
bps is a popular rate for some terminals, 
roughly equivalent to 30 characters per 
second (cps or chps). 

Branch 
A certain instruction included in a pro-
gram which makes the processor per-
form a step out of the usual sequence, 
usually if a specified condition is 
satisfied. A branch instruction will skip 
or jump following instructions. 

Bubble Memory 
A compact, high-capacity random ac-

cess memory device (RA M) which holds 
data as minute magnetic domains or 
'bubbles'. The data is not lost when 
power is removed. 

Buffer 
(1) An area of memory designated to 
hold data being transferred between 
devices working at different speeds, eg 
the fast processor and the slower 
keyboard, printer or disc. 
(21 An electronic device in a signal path 
designed to allow signals to pass in one 
direction but to hold back unwanted 
reverse voltages which might damage 
the sending apparatus. 

Bug 
An error in software. 

Bus 
(Sometimes spelt Buss). Basically, the 
multiple wiring common to several parts 
of a computer and the number of chan-
nels therein — eg a 16-bit bus address-
ing 64K memory locations or a 20-way 
bus addressing 1 megabyte. Bus is now 
generally identified with the pattern of 
connections to the plugs and sockets 
whereby optional units (eg more 
memory) may be connected to a com-
puter. 

Byte 
A binary number, usually of eight bits. It 
can represent a number from 0 to 255 
18-bit byte) as there are 256 possible 
combinations of ones and zeros eight 
bits long. 

CAD/I/L 
Computer  Aided  Design/Instruc-
tion/Learning. 

Chain 
A process whereby one computer pro-
gram automatically follows another. 

Clock 
An oscillator that provides timing signals 
which synchronise the operations car-
ried out by the microcomputer. 

COBOL 
Common Business Oriented Language. 
A high level language. 

Compiler 
Software which converts high level 
language  statements  into either 
assembly language statements, or into 
machine code. 

CP/M 
Control  Program/Microprocessor.  A 
popular disc-based operating system for 
microcomputers using the 8080 and 
Z80 processors. 

CPU 
Central Processor Unit. The part of a 
system which performs calculation and 
data manipulation functions. 

CUTS 
Computer Users Tape System. Defini-
tion of system for storing data on 
cassette tape as series of tones to repre-
sent binary l's and O's. 
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Data 
Simply, information. The raw material 
that the computer processes. 

Data Base 
A system for organising elements of in-
formation in a machine code file so that a 
program can readily select from this data 
any particular abstraction or combina-
tion of information that may be called 
for. For instance, a customer data base 
might include full details of all customers 
(as required for service and distribution 
departments as well as sales and 
marketing) and also of every service call 
and delivery as well as each item invoic-
ed to these customers during a year or 
longer. A suitable program could access 
that data base to answer such questions 
as "identify the customers buying more 
than £ 1 ,000 of item 'A' in less than five 
deliveries and receiving less than two 
service calls in the year." 

Debug 
To correct the errors in a program. 

Decimal 
The familiar counting system, 1 to 10. In 
computing, however, it is more usual to 
count from 0 to 9. 

Decoder 
A device which changes one code to 
another. For example, a 4-bit binary 
code may be changed to a 1-of -16 code. 
Certain ICs are made to perform such a 
function, generally called 4-to-16 line 
decoders. A 4-bit to 1-of -10 decoder is 
called a BCD to decimal decoder — for 
each 4-bit code in, the decoder will ac-
tivate the appropriate one of its ten out-
put lines. 

Digital 
The use of discrete signal levels to repre-
sent a value as a coded number or letter. 

Disable 
The opposite to enable. To halt an opera-
tion — to turn something off (if only tem-
porarily). 

Disc (Disk) 
Magnetic storage device allowing fast 
random access to a large volume of data. 
A full-size hard disc will hold ,say, 5 
megabytes or more; a smaller floppy disc 
typically holds from 80 to 250 kilobytes 
but in either case the capacity is being in-
creased all the time. 

DMA 
Direct Memory Access  (or Direct 
Memory Address). The term refers to the 
practice of fetching data directly from 
memory by an external (or peripheral) 
device without the need for intervention 
by the microprocessor. A good tech-
nique for speeding data transfer. 

DOS 
Disc Operating System — a computer 
operating system held on magnetic disc 
rather than in ROM. An initialisation pro-
cess will copy the operating system into 
memory whenever the computer is first 
turned on. Also an operating system 
which controls the disc themselves and 

may supplement, rather than replace, 
the computer's original operating 
system. 

Duplex 
A mode of data transmission where each 
station can send and receive simul-
taneously. 

Dynamic (Memory) 
Random Access Memory (RA M) requir-
ing constant refresh signals but normally 
using less electrical power than static 
memory. 

EAROM 
Electrically  Alterable  Read  Only 
Memory. Typically taking 10 msec to 
erase and 1 msec to write, this non-
volatile storage might be better con-
sidered as 'Read Mostly Memory' as the 
write capability is likely to be limited to 
say 100,000 cycles. 

Edit 
Alteration of text in program or data files. 
Often necessary, some systems make 
editing easier than others. 

Enable 
The opposite to disable. To start an 
operation. 

Encoder 
The opposite of a decoder. A device 
which accepts uncoded data and turns it 
into the appropriate code. 

EPROM 
Erasable Programmable Read Only 
Memory. Writing typically takes one 
minute and erasing, by ultra-violet light, 
10 minutes or longer. 

Execute 
To perform a sequence of program 
steps. 

Execution Time: 
The time taken to perform an instruction 
in terms of clock cycles. 

Firmware 
Instructions or data permanently stored 
in ROM. 

Flag 
A linen object that one salutes — but 
sailors use them to send messages. So 
do computers. A flag is an indicator 
signal (usually just one bit) that generally 
signals a condition. 

Floppy (disc) 
Mass storage which makes use of flexi-
ble discs made of a material similar to 
magnetic tape. 

FORTRAN 
FORmular TRANslation, an early and still 
popular high-level programming 
language, mainly used for scientific pur-
poses. 

Graphics 
Literally — drawings; a method of pro-
ducing graphs or pictorial figures on a 
suitable output device, usually a video 
monitor ITV set for most hobby com-

puters) but sometimes a chart recorder 
or printer. 

Hard Copy 
A computer printout or listing on paper. 

Hardware 
All the electronic and mechanical com-
ponents making up a system. 

Hex 
Shortened version of Hexadecimal, 
meaning '6 plus 10', which is a funny 
way of saying 16. It refers to the number 
system with a base of 16. This uses 0 to 
9 and then A to F of the alphabet to repre-
sent its 16 digits. Two hex digits can be 
conveniently used to represent a byte 
(eight bits). 

High-Level Language 
Programming language usually claimed 
to resemble a natural language and with 
powerful instructions, each generating 
several machine language instructions. 
Examples include BASIC, COBOL and 
FORTRAN. 

IEEE 
Institute of Electronic and Electrical 
Engineers (in USA) — a body which has 
set a number of standards for more 
orderly interchange of information 
between various electronic devices, in-
cluding computers. 

Initialisation 
The process by which the processor is 
got going after you turn the power on. In 
some systems you have to do it, in 
others it's done automatically. 

Instruction 
A set of bits which causes the CPU to 
carry out a particular task. Usually a 
basic or fundamental command under-
stood by the microprocessor. 

Instruction Set 
That set of fundamental instructions 
which control a microprocessor's or 
computer's basic set of possible opera-
tions. In general, the larger the instruc-
tion set the more powerful the micro-
processor. 

Intelligent Terminal 
An input/output (I/O) device which in-
cludes its own logic circuits and memory 
so that, for instance, data may be 
validated or changed in format before 
transmission to the main computer. 

Interactive 
A working arrangement under which the 
computer reacts immediately to respond 
to any mistakes which may be made by 
the user or to reply to his enquiries as 
soon as they are expressed. In some 
business activities, as also in program 
writinn, this leads to much faster pro-
gress than would otherwise be possible. 

Interface 
Circuit which connects different parts of 
system together and performs any pro-
cessing of signals in order to make 
transfer possible lie serial-parallel con-
version). 
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Integer BASIC 
Concerned only with whole numbers, 
cutting off any fractions or decimal 
parts. 

Interpreter 
An interpreter is a software routine 
which accepts and executes a high level 
language program, but unlike a compiler, 
does not produce intermediate machine 
code but converts each instruction as 
received. 

Interrupt 
A signal which suspends processing to 
allow some other command to be 
obeyed. 

I/O 
Input/Output. A computer generally has 
one or more ports through which it com-
municates with 'the outside world' — 
peripheral devices such as a keyboard, 
video display (VDU), printer etc. An I/O 
port may be just an input or just an output 
or it can be bidirectional. 

Kilo (K) 
Normally means 1000, but 1024 (2 1°) 
when referring to memory. 

Kansas (City) 
A standard for recording programs and 
data on cassette tape, named after the 
city where a conference was held, at 
which the standards were agreed. 

Keyboard 
A device, similar to a typewriter, which 
is used  to encode alphanumeric 
characters in a form that the computer 
can recognise. The usual method of in-
teracting with a microcomputer, for hob-
byists. 

Language 
A repertory of commands — symbols, 
expressions etc, used to 'call up' the in-
structions or procedures a processor can 
execute. Higher-level languages are 
easily understood by mere humans and 
computers designed to work with such 
languages (BASIC, for example) use an 
interpreter to change this into the 
machine code under which the pro-
cessor operates. 

Latch 
Retains previous input state until over-
written. 

Light Pen 
A stylus with a light sensor which allows 
a computer to identify the point at which 
a Video Display Unit (VDU) screen is be-
ing touched. 

Load 
To copy a program leg from tape or disc) 
into memory, ready for execution. 

Location 
Physical position; memory location is the 
same as address. 

Loop 
Program technique where one section of 
program (the loop) is performed many 
times over. 

LSI 
Large Scale Integration — the combina-
tion of circuit elements in a small silicon 
chip. 

Machine 
Short-hand term a for computer or, more 
usually, a microprocessor. 

Machine Language (Code) 
The lowest (and tediously detailed) level 
of program instructions. All higher level 
coding must be converted to machine 
language (by compiler or interpreter) 
before a processor can obey it. 

Mainframe 
A relatively large computer.The term 
derives from times before integrated cir-
cuits, when processors were wired up 
with large numbers of separate com-
ponents mounted on circuit cards or 
boards which were in turn mounted in 
metal racks or frames enclosed in one or 
more large metal cabinets. 

Mask 
Bit pattern used in conjunction with a 
logic operation to select a particular bit or 
bits from a machine word. 

Mega 
Prefix for 1 000 000 (10 6). 

Memory 
Immediate access data storage, directly 
addressable by a central processor 
(CPU) and typically comprising a com-
bination of RA M and ROM. 

Memory Map 
Chart showing how memory is used by a 
computer. The arrangement of data and 
program within the memory. 

Memory Mapped I/O 
A technique  of  implementing I/O 
facilities by addressing I/O ports as if 
they were memory locations. 

Micro (also u) 
Prefix signifying one millionth. Also used 
descriptively of something very small, 
though not as small as nano- or pico-. 

Microcomputer 
A computer system based around a 
microprocessor and generally address-
ing up to 64K of memory. 

Micro Cycle 
Single program step in a CPU micro pro-
gram. The smallest unit of micro pro-
gram. 

Microprocessor 
CPU implemented by use of large scale 
integrated circuits.  Frequently im-
plemented in a single chip. 

Micro Program 
Program inside CPU which controls the 
CPU chip. 

Minicomputer 
A somewhat vague term for the middle 
range of computers. Machines address-
ing up to 64K bytes or words of memory 
tend (at the present time) to be called 
microcomputers and machines able to 

address more than 64K memory loca-
tions tend to be called minicomputers 
unless they separate into distinct parts, 
in which case it may be called a main-
frame. 

Mini-Floppy 
The smaller size of floppy disc, 51/4 " in-
diameter. 

Mnemonic 
A word or phrase which stands for 
another (longer) phrase and is easier to 
remember. 

MODEM 
Acronym for MOdulator/DEModulator 
— a device adapting computer data for 
transmission by telephone line and vice 
versa. 

Modulator 
A device, included in every good hobby 
computer, which takes the computer's 
output and converts it to an RF signal on 
a suitable TV channel, giving you a 
cheap, convenient visual display — even 
if you don't understand what's on the 
screen. 

Monitor 
The first level of computer operating 
systems: the program which turns 
machine code commands into action, 
managing input, output etc. 

Multiplex 
The principle of arranging or com-
municating information from a number 
of sources by selecting each source se-
quentially. 

n-sec 
Nanosecond, one-thousand-millionth of 
a second. 

Non Volatile 
Memory which will retain data content 
after power supply is removed, eg ROM. 

Object Code 
Two-bit patterns that are presented to 
the CPU as instructions and data. 

Octal 
Base 8 number system. Character set is 
decimal 0-8. 

Op Code 
Operation Code. A bit-pattern which 
specifies a machine operation in the 
CPU. The basic unit of machine code. 

Operand 
Data used by machine code instructions. 

Operating System 
The computer's resident program which 
determines how instructions, input and 
output (I/O) devices etc are managed. 

Overlay 
A program too long for the available 
memory may be entered and processed 
by instalments, each segment overlay-
ing or replacing the code previously 
stored while the various values allotted 
to common variables would continue 
from one program to the next. 
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Parallel 
A method whereby data, so many bits 
wide, can be transferred simultaneously 
over a group of wires — one wire per bit. 
An 8-bit system requires eight wires. In 
effect, the bits are transferred 'in 
parallel'. 

Peripheral 
Device attached to a computer, eg 
printer, plotter,  disc unit,  but not 
necessarily essential to its use. 

PIA 
A Peripheral Interface Adaptor. A device 
that does the interfacing between the 
microprocessor and/or memory and 
peripherals, converting the outgoing 
binary coded signals to the appropriate 
signals for the periphals and converting 
any incoming signals to the appropriate 
code for the computer. 

Pointer 
In the microprocessor, or in memory ex-
ternal to it, pointers can be registers 
allocated to listing memory address — 
they 'point' to memory locations. 

Port 
Terminal which the CPU uses to com-
municate with the outside world. 

Printer 
A device for producing typed or printed 
copy (hard copy). 

Print Out 
Same as hardcopy. 

Processor 
See CPU. 

Program 
A set  of instructions,  either  in 
mnemonics, in digital (binary) form or in a 
high-level language, which tells the com-
puter to perform a sequence of tasks. 

Program Counter 
Register in the microprocessor which 
keeps track of which part of the program 
is being executed. 

PROM 
Programmable Read Only Memory. 
Proms are a special form of ROM, which 
can be individually programmed by the 
user. 

RAM 
Random Access Memory. Read write 
memory. Data may be written to or read 
from any location in this type of memory. 

Reset 
Simply — go back to the start, do not 
pass GO, do not collect 200 bytes. A 
switch whereby computer control is 
returned to the monitor or low-level 
operating system and all internal variable 
values are changed to zero. This may be 
the only way of getting out of some 
endless loop which has arisen from a pro-
gramming error. 

Refresh 
Usually refers to the process required by 
dynamic memory to ensure continued 
storage of data that has been sent to it. 

Dynamic memory can be thought of as 
consisting of large numbers of small 
capacitors. When the CPU, for example, 
wants to store a specific bit of informa-
tion in memory it charges one of these 
small capacitors. The capacitor will 
slowly discharge itself, however, so ad-
ditional hardware is used to look 
periodically at all of the capacitors and 
refresh the charge on each one. 

Register 
A general-purpose memory, or set of 
memory locations, built into the micro-
processor itself. Sometimes, particular 
registers may be designated for a 
specific purpose. 

Relative Addressing 
Mode of addressing whereby the ad-
dress is formed by combining the current 
program count with a displacement 
value which is part of the instruction. 

Return 
The key and corresponding computer in-
struction which sends the contents of 
keyboard buffer into a computer's 
memory for execution (term derives 
from 'carriage return' on a typewriter). 

ROM 
Read Only Memory. Memory device 
which has its data content established as 
part of manufacture and cannot be 
changed. 

Routine 
A whole program or part of a program 
designed to perform a single function or 
action. 

RS232 
A communications interface used for 
modems and for serial printers. 

Run 
Instruction to execute a program. 

S-100 
Name of a bus or connection standard 
shared by many manufacturers and 
employing 100 connection positions. 
Unfortunately, there are some minor 
variations between different manufac-
turers' versions of the S-100 bus but the 
IEEE has now defined a universal stan-
dard for it. 

Serial 
Transfer of data one bit at a time. 

Software 
The different kinds of program required 
to work a computer. 

Source Code 
Program written in one of the high-level 
languages and requiring compilation into 
machine language before use. 

Stack 
A last-in-first-out store made up of 
registers or memory locations used for 
temporary storage. 

Stack Pointer 
Address that specifies the location of the 
last entry in the stack. 

Static RAM 
Random Access Memory which does not 
require continuous refresh signals. It 
tends to use more power than dynamic 
RA M and still loses its contents when 
power is removed. 

String 
A squence of alphanumeric characters. 

Subroutine 
A part of a program which performs a 
specific task and which is available for 
use elsewhere in a program, as often as 
you like. 

Syntax 
The  grammar of  a programming 
language. 

Terminal 
A device, normally remote from the com-
puter, at which data can enter or leave a 
communication network — eg a tele-
typewriter working over telephone lines. 

Time-Sharing 
A method of operating a computer 
whereby two or more users apparently 
enjoy simultaneous access to, and con-
trol of the machine. In practice what is 
happening is that the computer is atten-
ding to the users one at a time, but in a 
sequence of time intervals so short that 
none is normally aware of any delay. 

Tri State 
Description of logic devices whose out-
puts may be disabled by placing them in a 
high impedance state. 

Two's Complement 
Arithmetic 
System of performing signed arithmetic 
with binary numbers. 

TTY 
Teletype. 

Variable 
A specified location in memory (usually 
RA M) which is allocated a specific mean-
ing in a program or routine. 

VDU 
Visual Display Unit. Usually a TV set in 
hobby computers, but may be a video 
monitor which accepts the  output 
directly from the computer. 

Vector 
Memory address provided to the pro-
cessor to direct it to a new area in 
memory. 

Volatile 
Memory devices that will lose data con-
tent if power supply removed lie RA M). 

Word 
Parallel collection of binary digits much 
as byte. 

Word Processor 
A computer with software for entering, 
editing, storing, formatting and printing 
text, rather than processing figures. HE  
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THE AFFORDABLE 
COMPUTER 

Acorn Computers 

Acorn Computers, 
4A, Market Hill, 
Cambridge. 
Tel: 0223-312772 

Acorn 

CPU 
RAM 
I/O 
Cassette 
Price 

6502 
1K/8K 
Bus Parallel 
Yes 
£65 upwards 

The Acorn is a single-board computer 
with a piggy-back Hex keypad and 
cassette interface. Although able to be 
programmed in machine code only, the 
Acorn micro is designed with rack-
based expansion capability allowing 
extras, including BASIC, to be added. 

ATOM 

CPU 
RAM 
I/O 
Cassette 
Price 

•ailia re m  T a • A.A. • • • AI :A C :1•14-4" 
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6502 
2K/11K 
Bus Parallel 
Yes 
£125 kit, £150 built 

The ATOM is a cased, single-board 
microcomputer, able to be programmed 
in either BASIC or assembly code; it 
also allows nested assembler programs 
to be written at the same time as 
BASIC. 
Although the ATOM BASIC is an 

Integer BASIC lit can't handle 
fractions), an additional ROM chip can 
be added, providing a full range of 
mathematical functions, floating point 
arithmetic and colour graphics 
commands. 

AIM 65 

Pelco Electronics, 
Enterprise House, 
83-85 Wester Road, 
Hove, Sussex BN3 lUB. 
+ many regional outlets 
Tel: 0273-722155 

Rockwell AIM 65 

CPU 
RAM 
I/O 
Cassette 
Price 

6502 
1K/4K 
Serial Parallel 
Yes 
£265 upwards 

The AIM 65 consists of two boards, 
one holding the 54-key keyboard and 
the other, the processor, the 20 
character, 16-segment LED display and 
the 20 column printer. When first 
introduced the AIM 65 had no video 
interface, however, it now has a video 
option — so all of you interested in 
interactive games can breathe again. 
The machine includes a Text Editor as 
part of the standard system software 
and includes 8K of BASIC, an 8K 
machine code monitor and Assembler 
options. Other extras include additional 
RAM, a disc option and a case for the 
complete system. 

ATARI 

Ingersoll Electronics, 
202, New North Road, 
London Ni 7BL. 
Tel: 01-226 1200 

ATARI 400 

CPU  6502 
RAM  16K 
I/O  Serial 
Cassette  Yes 
Price  £400 

The ATARI 400 can be programmed in 
machine code and BASIC and is 
supported by a wide range of software 
packages. 
Additional extras include a plug-in 

board incorporating four RS232 
interfaces and a parallel Centronics 
printer interface port. You will need to 
buy a special cassette deck as the 
ATARI 400 supports its own and no 
other — however, don't worry, the 
Atari cassette deck comes complete for 
around £50. 
There is also a down-grade model of 

the ATARI 400, soon to be available in 
this country for £299.95. Before you 
rush and order one, though, bear in 
mind that it is only an ATARI 400 
without the essential BASIC pack, 
which you'll need anyway. 

4 d i p fra w,  
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BBC Microcomputers 

BBC Microcomputer Systems, 
PO Box 7, 
London W3 6JX. 

BBC Model A 

CPU  6502 
RAM  16K 
I/O  Various 
Cassette  Yes 
Price  £299 

The introduction of the BBC micros 
caused quite a stir earlier in the year 

•  . . . simply because they were 
exceptional value for money! Since 
then, the prices have been increased 
but they still command a significant 
share of the home computer market. 
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The Model A can be programmed in 
BBC BASIC (probably the most 
powerful adaptation of BASIC yet) 
allowing fully structured programming 
techniques and, in a similar way to the 
ATOM, can handle nested assembler 
programs. 
A number of additional extras are 

available, including a floppy disc 
controller, a speech synthesiser, an 
Econet interface and a universal 
expansion interface called the TUBE. 
This last feature is available on BBC 
machines alone, providing a direct 
communications link to the processor. 
To give an example of the expansion 
possibilities, plans are under way to 
develop a 16-bit processor, to connect 
to the TUBE, that will provide a further 
256K of RAM! 
The Model A includes sound and bus 

interfaces and is completely 
expandable to the Model B. 

BBC Model B 

CPU  6502 
RAM  32K 
I/O  Various 
Cassette  Yes 
Price  £399 

Similar in format to the Model A, the 
Model B machine includes the following 
extras: a serial interface to RS432 
standard; an 8-bit 'Centronics-type' 
parallel printer port and an I/O port. 
There is also a 1 MHz buffered 
extension bus provided for connection 
to PRESTEL, Teletext or various other 
expansion units. 

HEATHKIT H8 

Heath Electronics, 
Bristol Road, 
Gloucester GL2 6EE. 
Tel: 0342-29451 

Heathkit H8 

CPU 
RAM 
I/O 
Cassette 
Price 

8080 
4K,56K 
Various 
Yes 
£275 upwards 

The Heathkit H8 is a bus-based kit 
system incorporating BASIC and a 4K 
machine code monitor with full 'front 
panel' — the front panel (a hangover 
from the mini-computer days) allows 
you to inspect and modify the internal 
workings of the processor. 

Extras for the H8 include a disc 
option, various printers and a VDU. A 
number of high level languages can be 
added to the system, loaded from tape 
or disc. 

Nascom Microcomputers 

Lucas Logic, 
Nascom Microcomputers Division, 
Welton Road, 
Wedgnock Industrial Estate, 
Warwick CV34 5PZ. 
Tel: 0926-497733 

NASCOM 1 

CPU 
RAM 
I/O 
Cassette 
Price 

Z80 
1K/227K 
Serial Parallel Bus 
Yes 
£125 

The NASCOM 1, simplest of the 
NASCOM range, is a full 47-key 
keyboard machine code system 
available in kit form or as an 
assembled, but uncased, system. 
Although programmable in machine 

code only, there is an option for BASIC. 
Other extras include a motherboard, 
additional RAM, ROM and discs. A 
case for the complete system is also 
available. 

NASCOM 2 

CPU 
RAM 
I/O 
Cassette 
Price 

Z80 
1K/227K 
Serial Parallel Bus 
Yes 
£225 

Supplied in kit form or as an assembled, 
but uncased, system, the NASCOM 2 
is an upgrade of the NASCOM 1. 
The NASCOM 2 comes complete 

with 8K of Microsoft BASIC, assisted 

by the NAS SYS operating system with 
full screen editing. Other optional 
extras including additional RAM, discs, 
a high resolution graphics board and a 
case. 
Using a ROMcard for firmware 

expansion, the NASCOM 2 can also 
support a wide range of compatible 
software including enhanced BASIC; 
MBASIC — a compiled BASIC for fast 
program execution running under 
CP/M; NASCOM Pascal; NAS-PEN — 
NASCOM's word processing package; 
ZEAP — a Z80 editor-assembler 
package; NAS-DIS — a companion 
disassembler for ZEAP; NAS-DEBUG — 
a debugging aid; NAS-DOS — 
NASCOM's own disc operating 
system; and CP/M 2.2 — a full 
implementation of the CP/M disc 
operating system. 
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NASCOM 3 

CPU 
RAM 
I/O 
Cassette 
Price 

Z80 
8K/227K 
Serial Parallel Bus 
Yes 
£376 

Not much to write about this system 
its all been said! The NASCOM 3 is 
exactly the same as the NASCOM 2 
system . . but it's packaged in a 
strong case with a high quality 
QWERTY keyboard. 

Netronics 

Newtronics, 
255, Archway Road, 
London N6. 
Tel: 01-348 3325 

ELF II 

CPU  1802 
RAM  1/4 K/4K 
I/O  Parallel 
Cassette  Optional 
Price  £60 

The ELF II is a fairly basic kit system 
incorporating CPU and RAM as 
described above, an 1852 VDU 
controller, a two digit, seven segment 
display and a Hex keyboard. The unit 
can be used for development work or 
control applications but is particularly 
suitable for training and education 
purposes as the system hardware and 
software is built up in easy stages. 
Optional extras for the ELF include 
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additional RAM and a motherboard 
(called the Giant) providing a 1K 
machine code monitor and an interface 
for a cassette. Using the cassette 
interface, various software options are 
available including ELF-bug — a 
debugging aid; an Assembler; and 
BASIC, although to program the 
system with BASIC an ASCII keyboard 
will be required. 

EXPLORER 85 

CPU  8085 
RAM  4K 
I/O  Parallel Bus 
Cassette  Yes 
Price  £285 

The EXPLORER 85 is an S100-based 
kit system that when fully expanded 
can cope with up to six S-100 boards 
Complete with a 2K machine code 
monitor, 8K of Microsoft BASIC can 
be added via ROM or cassette. No 
keyboard is supplied with the 
EXPLORER 85 and neither does it 
have the ability to directly drive a 
display, thus you may be glad to 
hear that an ASCII keyboard and 
video card are available from Netronics. 
There is also available a case and a 
power supply to run the full expansion. 

PC 1211 

Sharp UK Ltd, 
Thorn Road, 
Newton Heath, 
Manchester M10 9BE. 
+ growing network of dealers 
including Microdigital. 
Tel: 061-205 2333 

PC 1211 

CPU 
RAM 
I/O 
Cassette 
Price 

2 x 4-bit custom processor 
Approx 1.5K 
No 
Optional 
£120 upwards (inclusive of 
cassette adaptor) 

The PC 1211 is a pocket-sized (about 
the size of a cheque book) 1424 step 
programmable computer working in the 
BASIC language. The display consists 
of a 24 character, 5 x 7 dot matrix LCD 
strip which rolls to give an 80 
character line. A cassette adaptor and 
a printer interface are available as 
optional extras. The silver oxide battery 
cells can be expected to last around 
300 hours and the machine 
thoughtfully turns itself off after seven 
minutes if you have left it on. A useful 
little machine! 

11444 1‘11.0k.„ 

SUPERBOARD II 

Mutek, 
Quarry Hill, 
Box, Wiltshire. 
+ many regional dealers 
Tel: 0225-743289 

SUPERBOARD II 

CPU  6502 
RAM  4K/32K 
I/O  Parallel Bus 
Cassette  Yes 
Price  £150 

The SUPERBOARD II is a ready-built 
single board computer with a 2K 
machine code monitor and 8K of 
Microsoft BASIC in ROM. Options for 
the SUPERBOARD include room for an 
additional 4K of plug-in RAM, discs and 
an RS232 interface. A case for the 
complete system is also available. A 
large range of software, on both tape 
and disc, supports the SUPERBOARD. 

Tangerine Computers 

Tangerine Computers, 
Forehill, 
Ely, Cambs. 
Tel: 0353-3633 

MICROTAN 65 

CPU 
RAM 
1,0 
Cassette 
Price 

6502 
1K/48K 
Bus 
Optional 
£69 upwards 

Containing a 1K machine code monitor 
(Tanbug), the MICROTAN 65 can be 
expanded with a Tanex board providing 
a 10K Microsoft BASIC, parallel and 
serial I/O, an additional 7K of RAM and 
XBUG (an extension monitor). 
Tangerine offer Tanram as an 
expansion system offering a further 
40K of user RAM; another system 
promised a year ago, Tandisc (offering 
the option to use floppy discs), has still 
yet to appear on the UK market. With 
an additional Hex keypad or full ASCII 
keyboard, this system becomes a very 
powerful beast indeed. 

Hobby Electronics, April 1982 47 



Popular Computing 

MICRON 

CPU 
RAM 
I/O 
Cassette 
Price 

6502 
8K/227K 
1 serial, 4 parallel 
Yes 
£395 

Complete with 10K of Microsoft 
BASIC and a 3K machine code monitor, 
the MICRON also provides XBUG, an 
extension monitor providing 
Assembler/Disassembler functions, as 
a standard feature. The unit has a 
soundboard and is capable of high 
resolution graphics. Extras offered 
include additional RAM, an I/O rack 
system and a disc option. 

Tandy Corporation 

Tandy Corporation, 
12th Floor, Tameway Tower, 
Bridge Street, Walsall, 
West Midlands WS1 1LA. 
many regional shops 

TRS-80 Model 1 

CPU 
RAM 
I/O 
Cassette 
Price 

Z80 
4K/48K 
Optional 
Yes 
£380 upwards 

' 

The TRS-80 Model 1 is available with 
two levels of BASIC: a fairly standard 
BASIC and one with a few luxury items 
such as Auto Line Numbering and 
IF . . . THEN . . . ELSE; and a 48K 
machine code monitor. A number of 
options are offered on the Model 1 
allowing discs, printers, I/O, high 
resolution graphics and lower case 
characters to be used. 

TRS-80 Model III 

CPU 
RAM 
I/O 
Cassette 
Price 

Z80 
4K/48K 
Parallel 
Yes 
£499 upwards 

The Model III is a complete packaged 
version of the TRS-80 Model I with the 
added extra of enhanced Level III 
BASIC. All the options for the Model I 
are also available for the Model III with 
the addition of an RS232 interface. 

Color Computer 

CPU  6809 
RAM  16K 
I/O  Serial 
Cassette  Yes 
Price  £449 

The new Tandy Color Computer 
incorporates Color BASIC, different to 
the BASIC languages used in the 
Models I and III. Including an option for 
disc expansion, the Color Computer is 
also ably supported by a number of 
Program Paks that actually plug into 
the machine. 

Pocket Computer 

CPU  2 x 4-bit custom processor 
RAM  Approx 1.5K 
I/O  No 
Cassette  Optional 
Price  £119 

The Tandy Pocket Computer is a hand-
held BASIC programmable computer 
almost identical to the Sharp PC 1211 
(see description of the Sharp). 

TI-99/4A 

Texas Instruments, 
European Consumer Division, 
Manton Lane, 
Bedford MK41 7PA. 
Tel: 0234-67466 

TI-99/4A 

CPU  TMC 9900 
RAM  16K 
I/O  Various 
Cassette  Yes 
Price  £299 

Based on TI BASIC, the TI-99/4A is 
capable of reproducing 16-colour 
graphics. Expandable up to 32K, 
various additional options can support 
the basic system including a speech 
synthesiser, a thermal printer, an 
RS232 peripheral adaptor and a disc 
memory system. Software options 
include Pascal and the TMS 9900 
Assembler. The TI-99/4A is fully 
supported by over 400 software 
packages. 
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TUSCAN 

Transam, 
59-61 Theobalds Road, 
London WC1. 
Tel: 01-405 5240 

TUSCAN 

CPU 
RAM 
I/O 
Cassette 
Price 

Z80 
1K/8K 
Serial Parallel 
Yes 
£195 upwards 

The TUSCAN is an S-100 based 
development system (kit or ready-built) 
containing a 2K machine code monitor. 
Options for both BASIC and Pascal are 
available. Other extras include casing 
for the complete system, VDU, a disc 
option, various firmware and S-100 
boards. 

UK 101 

CompShop, 
14, Station Road, 
New Barnet, 
Hens EN5 1 QW. 
Tel: 01-441 2922 

UK 101 

CPU 
RAM 
I/O 
Cassette 
Price 

6502 
4K/32K 
Serial Parallel 
Yes 
£149 kit, £199 built 

The UK 101, incorporating 8K of 
BASIC and a 2K machine code monitor 
(allowing programs to be written in 
machine code), is basically a UK 
adaptation of the Superboard II 
microcomputer. 
Allowing expansion of user memory 

via a RAM pack, extra interfaces and 
optional disc facilities via an expansion 
board, the UK 101 can also be 
upgraded with new machine code 
monitors. 

VIC-20 

Commodore, 
675, Ajax Avenue, 
Slough, 
Bucks. 
+ many regional dealers 

VIC-20 

CPU 
RAM 
I/O 
Cassette 
Price 

6502 
3K/32K 
IEEE-488 Parallel 
Yes 
£199.99 + VAT 

The VIC-20 is a personal computer 
system incorporating 8K of Microsoft 
BASIC with colour and sound. 
However, a word or two about the 
screen formats. The resolution is not 
particularly good and very awkward to 
program in colour. Also, the screen 
format is not compatible with the PET, 
so you will find much of the software 
available on the market will have to be 
drastically rewritten for the VIC. The 
system allows for additional memory 
and an RS232 interface to be added. A 
special cassette is required for the 
VIC-20 system costing around £50. 

Video Genie 

Lowe Electronics, 
Bentley Bridge, 
Chesterfield Road, 
Matlock, Derbyshire DE4 LEF. 
+ dealer network 
Tel: 0629-2817 

Video Genie 

CPU  Z80 
RAM  16K/48K 
I/O  Parallel Bus 
Cassette  Yes 
Price  £425 

The Video Genie is basically a Hong 
Kong copy of the TRS-80 with Level II 
BASIC. The machine contains 10K of 
BASIC and a 2K machine code monitor. 
Newer versions of the Video Genie 
contain an upgraded keyboard and no 
internal cassette; other versions are 
capable of colour graphics. Extras 
include a printer and discs via an 
expansion unit a la Tandy. 

Science of Cambridge, 
6, Kings Parade, 
Cambridge CB2 1SN. 
Tel: 0223-311488 

ZX81 

CPU 
RAM 
I/O 
Cassette 
Price 

Z80A 
1K/1 6K 
Bus 
Yes 
£49.95 kit, £69.95 built 

You'll all have heard of Clive Sinclair's 
ZX81 — replacing the successful 
ZX80; this is the one that has really 
taken the computer into the home and 
at less than £50 for the kit you can see 
why. Complete with 8K of BASIC, the 
ZX81 can interface to an additional 
16K of RAM and a Sinclair prjnter. 
There is a wide range of software 
available for the ZX81. HE 
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CAMBRIDGE LEARNING 
SELF-INSTRUCTION COURSES 

Microcomputers are coming - ride the 
wave! Learn to program. Millions of lobs are 
threatened but millions more will be created. Learn BASIC • the 

language of the small computer 
and  the  most  easy to learn 
computer  language  in 
widespread  use  Teach 
yourself with a course which 
takes you from complete ig-
norance step-by-step to real 
proficiency with a unique style 
of  graded  hints  In  60 
straightforward  lessons  you 
will learn the five essentials of 
programming  problem defini-
tion, flowcharting, coding the 
program,  debugging,  clear 
documentation 

COMPUTER PROGRAMMING IN BASIC 
£10.50 
Bookl Computers and what they To well READ, DATA. PRINT powers. brackets. 

variable names LET errors coding simple Programs 
Book 2 high  and  low  level  languages  flowchartino.  functions.  REM  and 

documentation  INPUT. IF  THEN  GO TO  limitations of computers  problemn 

definition 

Book 3 Compilers and interpreters. loops. FOR  NEXT. RESTORE debugging arrays 
bubble sorting. TAB 

Book 4 Advanced BASIC subroutines string variables files contemn programming 

Understand Digital 
Electronics 
Written  for  the student or 

enthusiast, this course is packed 
with information, diagrams and 
questions designed to lead you 

step- by-step through number 

systems and Boolean algebra to 
memories, counters and simple 
arithmetic circuits and finally to 
an understanding of the design 

and operation of calculators and 
computers 

DESIGN OF DIGI rAL SYSTEMS £14.00 
Book 1 Octal, hexadecimal and binary number systems, conversion between number 

systems. representation of negative numbers, complementary systems  ' 

Book 2 OR and AND !anchor's togic gates. NOT. exclusive OR NAND NOR and 
exclusive NOR functions  multiple input gates, truth tables. De Morgans laws 

canonicat forms, logic conventions. karnaugh mapping three state and wired logic 
Book 3 Half adders and fial adders subtractors serial arid parallel adders processors 
and ALU s. multiplication and division systems 
Book 4 Flip flops  shill registers. asynchronous and synchronous counters ring 
Johnson and exclusive OR feedback counters. ROMS and RAMS 
Book S Structure of calculators keyboard encoding, decoding display data register 
systems, control unit. program ROM. address decoding 

Book 6 CPU memory organisation character representation. program storage address 
modes input output SySlems program interrupts. interrupt brioches programming 
assemblers. computers executive programs, operating systems 

GUARANTEE No risk to you. 
If you are not completely satisfied your money will be refunded upon 
return of the books in good condition 
CAMBRIDGE LEARNING LIMITED. Unit 94, RIVERMILL SITE 
FREEPOST ST ivES. HunITINGDON.  CAMBS PE1 7 4BR. ENGLAND 
TELEPHONE ST IVES (0480) 67446 
All prices include worldwide postage (airmail is extra  please ask for 

prepay ment invoice)  Please allow 28 days for delivery in U K 

Please send me the following books 

Co mputer Programming in BASIC u C10 50 

Design of Digrtal Syste ms Ge f 14 00 
I enclose a • cheque/PO payable to Cambridge Learning Ltd 
for f  I'delete where applicabiet 

Please charge my 

•Acc essJ Americ arm E xpless Batt lay; ant Dine, Chili Flirt , .1111 Viva 
Masterchar ge!Trustcard 

E Rimy D am  ft Credit Card No 

Signature 
Telephone orders ItOM srerlit 1.41,11  hoidens at I upteti iii 0480 67446 
lAnsalonel 
Overseas costo mers (Intl Eifel should s ttttt f a bank draft or stye Mid  

on a London hank or quote credit ; an'  bet 

Na me 

Address 

Cambridge Learning Limited, Unit 94. Rivermill Site 
FREEPOST St Ives Huntingdon. Cantbs PEI 7 4BR Englarill 

- 1,-red in England. No I 32E12621 

YOU CAN'T BEAT 
ILP BIPOLAR POWER 

AMPS FOR 
POWER AND PRICE 

:tower at minimum price yet st, 
&lc  A,ce choice of outputs ILP Bipolar potNei 

imps now with or without healSinks are unbeatable value for 
domestic  — but for disco guitar amplifiers and PA Choose 
tne new range of heavy duty power amps again with or without 
heatsinks with protection against permanent short Circuit 
:idded safety for the disco or group user Connection in all cases 
,s simple — via 5 pins 

Every item has a 5 year no quibble guarantee and 
,,crudes lull connection data So send you' order FREEPOST today' 

Load impedance. all models 4 ohm — infinity Input impedance, all models 100K ohm Input 
sensitivity ail models 500 my Frequency response. a'  ,5H!-501.H?ldb 

BIPOLAR Standard, with heatsinks 

Model No 

HY 30 

HY 60 

HY 120 

HO 200 

HY 400 

Output 
Power 
Watts rmS 

15y,4-8g 

30w , 4 811 

60y,/ 4-8U 

120w 4 811 

740w ,41? 

DISTORT iQN 
THD  IMD 
Typ  5011ti7kHz 
at lkilz  4r 

0 015% <0 006% 

0 015% <0 006% 

0 01 %  <0 006% 

0 01%  <0 006% 

0 01%  <0 006% 

Supply 
• voltage 
Typi Max 

.18110 

1.25-30 

-35,40 

-45 t 50 

-45t50 

Site mm 

76x68x40 

76 x 68 x 40 

120x 78 x40 

120x78xSO 

120x 78v100 

W1 
gms 

740 

240 

410 

515 

1025 

Price 
Inc VAT 

£8 28 

£9 58 

£20 10 

£24 39 

£36 60 

Price 
ex VAT 

£1 29 

£8 33 

£17 48 

[21 71 

£31 83 
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UTP 
In an unusual spirit of helpfulness, I'll 
start this month's offerings with a 
piece of useful information. Don't get 
too excited, though . . . 

Dear Clever Dick, 
Reference the Audio Milli voltmeter 
project, HE May 1981. 
The transistor specified is a BC 

558A but I cannot trace this through 
the usual suppliers. As I'm keen on 
constructing this project, perhaps you 
could suggest where I could obtain the 
transistor? Alternatively, you might be 
able to name an equivalent. 
Thank You, 
D. Summersby, 
Canterbury, Kent. 

Perhaps? Might? Does this man doubt 
my wisdom? 
Of course I can . . . just let me think 

a moment. 
I'm surprised you haven't been able 

to find it, though. The BC558 is a fairly 
common general purpose PNP silicon 
transistor available from Rapid 
Electronics and Watford Electronics, 
among others, and appears in their 
advertisements in the latest issue of 
HE. The 'A' designation indicates a 
different pin configuration; otherwise it 
is the same as the BC558. 

Producing a monthly magazine is like 
politics — you can please all of the  , 
people some of the time, or some of 
the people all of the time — but you 
can't please all of the people all of the 
time (with apologies to A. Lincoln). 
Sometimes though, we win one . . . 

Dear CD, 
After buying HE and binders for three 
years I decided to stop because my 
money supply was short and it seemed 
as though most of the circuits you print 
are just 'mods' of those from Volume 
1. But, on the way home one night, I 
noticed the February '82 issue and 
thought I'd give you a second chance. 
Not bad, I thought, except that 

you've made a boo-boo in the last 
paragraph of column one on page 54, 
in the feature Solder/Soldering. 
You state that tin melts at 327°C 

and lead melts at 232°C; surely this is 
the other way round? Otherwise it 
wouldn't tie in with the Eutectic curve 
on page 54 (I'm an industrial chemist 
working in the motor industry and just 
lately I've been investigating solder 
melting points, as it is used as a car 
body filler — "lead loading"). 
Now I've caught you out, don't you 

think I deserve a binder eh? I've started 
saving HE again! 

Also, was it not Lee De Forest who 
wrote and worked on photo-resists? 
Come clean — how about a review of 
his work on this subject? 
Thanks, 
A. Mason, 
Birmingham. 

After a promising start, it appears that 
we lose, after all. Yes, tin actually 
melts at 232°C and lead at 327°C, as 
shown in the diagram at the top of 
page 54. As for Lee D. Forest, I'm 
investigating and will let you know 
when — and if — I find out! 

A perceptive reader in Dundee, 
Scotland, has spotted an error in one of 
my earlier replies. 

Clever Dick, 
I read with interest your reply to 
I. Scholey's request for a supplier of a 
thyristor (February '82), your answer 
being R. S. Components. 
I have access to the A. S. catalogue 

where I work and, as I have been 
searching for some 1% resistors for a 
digital meter, here was my problem 
solved! But on the back page, under 
their "terms of business", R. S. state 
that they will only accept orders from 
"bona fide" trade users. Or is it only in 
your area (south of Watford Gap) that 
locals can use the trade counter? 
Meanwhile I am still searching for 

the resistors. 
Yours sincerely, 
T. Bowman, 
Dundee. 

It seems that I allowed my enthusiasm 
for R.S. Components well-ordered (and 
well stocked) catalogue to obscure the 
fact that they only accept orders from 
"full time Industrial, Educational and 
Trade users of electronic and electrical 
components". Fortunately, there is a 
solution to your problem: Crewe Allan, 
51 Scrutton Street, London EC2A 4PJ, 
(Tel. 01-739 4846) can supply 
components from R.S's catalogue. 

Many thanks to all those readers who 
suggested methods for reversing the 
polarity of a dynamo. Meanwhile, Mr. 
Lawrence (and, presumably, his car 
stereo) is still alive and well. 

Dear CD, 
As a beginner in electronics, I find your 
magazine very readable and 
comprehensible. I have now been an 
avid reader of HE since June '81. 
My interest in electronics really 

takes me to hi-fi and some of its 
applications and for this reason I am 

indebted to you for your marvellous 
new feature, Scaling the Hi-Fi Heights. 
It really has been very helpful. 
I have built your Ladder of Light 

(January '81) with great success but 
would like to extend my effects. I 
would be grateful if you could see your 
way to publishing a circuit for a strobe 
light (possibly for use with car tuning, 
as well) or maybe a circuit for smoothly 
switching from one pair of speakers to 
another (for those among us whose 
amps have only one pair of outputs), or 
perhaps a series on sequencers and 
sound lights. 
Keep up the good work and thanks 

for a great mag. 
Yours sincerely, 
A. M. Lawrence, 
Chessington, Surrey. 

A couple of interesting suggestions 
there, which have been passed to the 
editor for consideration (that's what he 
calls it). 

Some of the subjects we like to talk 
about — and you like to read — are a 
little too complex to be covered in just 
one article. One of the problems with a 
series, though, is that readers who 
miss the first few instalments 
sometimes manage to miss a vital 
point. 

Dear CD, 
I am new to HE and have only the last 
three issues. What do I think about 
them? Here's what I think: "brilliant, 
fantastique, super, irresistible, 
educational — and funny". 
I enjoy the feature Into Electronic 

Components but I have a major 
problem. I can't build the HE Meter 
used for the tests 'cause I don't have a 
circuit or any information about it. 
So please, please, please, can you 

send me those articles? 
Yours sincerely, 
A. Hunt, 
Bath, Avon. 

Regular readers of HE can stop 
chuckling, now. They know that the HE 
Meter was never a project but a 
standard multimeter which was on 
special offer in the August 1981 issue. 
Although the series was written around 
this meter, almost any regular 
multimeter will do the trick — just be 
careful to switch to an equivalent or 
higher range than that mentioned in the 
article. 

As the magazine which supported 
Citizens' Band radio in the days before 
it became really popular, we have 
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always maintained an interest in the 
subject, as have at least a few readers. 

Dear Clever Dick, 
Is the TV/FM Masthead Amplifier 
suitable for a Citizens' Band radio 
antenna? Also, the PCB design is not 
very clear (especially the top foil). 
Could you please clarify these for me? 
While I'm on the subject of CB, I 

have found that my loft is unsuitable 
for an antenna. Is it possible to line my 
bedroom floor with silver foil, with a 
biscuit tin underneath, and stick a 
magnetic mount to the biscuit tin? 
Yours faithfully, 
R. Castley, 
Fareham, Hants. 

Without knowing in what way your loft 
is unsuitable, it is difficult to advise 
how to rig up a suitable antenna — but 
I would certainly NOT recommend 
lining the floor with silver foil, or using 
a biscuit tin as a base for a mag-mount 
antenna. Try one of the commercially 
available base station antennas from 
Telecomms, 189 London Road, North 
End, Portsmouth (Tel. 0705 662145). 
The Masthead Amplifier will operate 

down to 40 MHz, according to the data 
sheet, which means that it probably is 
not useful for the CB band (27 MHz). 
The component overlay on page 42 
shows the bottom PCB foil, viewed 
from the top ie, through the board. 
Although it is slightly blurred (due to 
peculiar production problems that 
month) it is ACCURATE; the important 
point is that pin 1, the input, is one on 
the right of the board, as shown. 

I have had many letters suggesting 
methods for reversing the polarity of a 
negative earth car electrical system, all 
of which corresponded to the 
information I sent on to Mr. Lawrence. 
Mr. Banks, of Dartford, Kent, also had 
another interesting suggestion. 

Dear CD, . . . . 
Oh, and one more bit of genius 
(modest, isn't he?) this time regarding 
your Switch-Tuned Radio project 
(January 1982). Why not replace one 
of the presets with a normal 
potentiometer of the same value, and 
bring it out to the front panel? This 
would then give five preset stations 
and the complete freedom of the dial 
for those 'on-off' stations you never 
otherwise listen to. 
Yours sincerely, 
R. Banks, 
Dartford, Kent. 

An excellent suggestion which should 
not prove difficult for HE constructors. 
If anyone tries it, let me know 'how it 
works'! 

Now for another instalment from the 
Helpful Hints Department, Ancient 
History Division. 

Dear Clever Dick, 
Could you please tell me which relay 
was used in the Car Alarm project 
(February 1979) and also, where I can 

purchase one? 
Yours sincerely, 
J. Beards wood, 
Liverpool. 

The relay is listed as a 12 V/280R type 
with contacts rated at 6 amps; you 
could try TK Electronics at 11 Boston 
Road, London W7 3SJ (Tel. 01-579 
9794) for a suitable equivalent. 
Unfortunately, Hobbyprints are no 
longer produced, so you will have to 
make your own PCB; take a look at 
HE's February issue for the easy way. 

We always try to make clear where 
components for HE projects can be 
obtained, but not always successfully. 

Dear Clever Dick, 
As a newcomer to your magazine, I 
would be most grateful if you could 
help me. 
Why is it that nearly every time I try 

to get components, eg resistors, 
diodes, capacitors and transistors, I am 
told to write away to the makers.? 
As I have decided to build your 

Noiseless Fuzz Box (HE, February '82), 
I'm worried that I may not be able to 
get the components I require. Does the 
Fuzz Box come in kit form.? If not, can 
you recommend a reliable supplier? 
Finally, may I congratulate you on 

Makin' Tracks; it shows step-by-step, 
easy-to-follow instructions on how to 
make PCBs. 
Thanks, 
G. Logan, 
Yorkshire. 

Well, I have certainly never advised 
anyone to "write away to the 
makers"; they are generally not in the 
business of supplying parts to small 
customers (no offence) such as you 
and I. We try to indicate where parts 
are commonly available in Buylines 
and, as of this issue, these have been 
collected into a single page of 
information which will make the laws 
of supply easier to handle. The law of 
demand is up to you! 
That particular project is not 

available as a kit but all the parts should 
be available from one of the many mail-
order suppliers who advertise in HE. 

Occasionally I receive a letter marked 
"not for publication", which is OK by 
me (some of them I couldn't print, 
anyway!), but those who do not 
include an SAE cannot expect a reply 
by post, either. Would the lads from 
Kenmare, Co. Kerry, please take note? 

I appear to have quite a few fans in the 
Emerald Isle. 

Dear CD, 
I am fourteen and trying to pick up 
electronics as a hobby, but so far I am 
only able to make a few simple kits. 
I find that HE is the best magazine 

about. Please, could you send me some 
information on electronics or old HE 
magazines? 
Yours faithfully, 
J. Kilgannon, 
Co. Galway, Ireland. 

PS Your page is the best in Hobby 
Electronics. 

Well, thanks for the compliment, but I 
suggest you try reading a few of the 
other pages, too. Like the Backnumbers 
and Book Service pages. 

Fault-finding by remote control lie, your 
letters) s impossible unless the 
symptoms of the fault are accurately 
described (it's no use writing in that "it 
doesn't go!"), so take note of this next 
letter, when next you have a problem 
for me to solve! 

Dear Clever Dick, 
I am operating two televisions from one 
aerial via a splitter box. One is a 26" 
colour set with pre-set tuning and the 
other is a mains-operated portable with 
a rotary tuning control. If I turn both 
sets or, leaving the portable un-tuned, I 
get a perfect picture on the colour set. 
However, when I tune the portable, 

the picture on the colour TV becomes 
unstable and various interference 
patterns occur. 
It is possible to get a good picture on 

the colour set by extremely careful 
adjustment of the tuning of the 
portab'e set — but it is difficult. The 
portab'e picture is OK at all times. 
Car you help? 

P.K. Spruce, 
Stoke-on-Trent. 

Running more than one TV off a single 
aerial is always a chancy business; you 
may get two good pictures, but usually 
you don't. It all depends on the 
strength of the signal you are picking 
up from the transmitter. The effect you 
are describing sounds like insufficient 
signal strength, so the HE Masthead 
Amplifier (February 1982) is what you 
need for a little extra boost down the 
wire. 

Many HE readers are interested in 
models, of one kind or another; others 
have more special interests. 

Dear CD, 
I was recently asked, by a friend, if I 
knew a way to take an electronic 
steam whistle effect for use on a model 
railway. I could only offer a modern 
diesel engine horn circuit, which would 
not silt a steam train. 
Please could you help tidy up his 

problem, and mine. 
Yours grovellingly, 
A. Donaldson, 
Solihull. 

This is an easy one; a Steam Loco 
Whistle project appeared in the March 
1981 issue. Your friend might also be 
interested in the Steam Chuffer 
(Janiary 19811, not to mention our 
super Dual Engine Driver in this 
month's issue. 

That's it for this month. Perhaps they'll 
let me go home, now. 

HE 
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Into Radio • 

A new series, introducing the 
theory and practice of radio. 

ALTHOUGH Hobby Electronics was the 
first magazine to support Citizens' Band 
radio in this country, the subject of radio 
(in general) has never been fully explain-
ed in HE. So, now that CB is well-
established, we've decided that it's time 
our readers had a chance to further ex-
plore one of the most fascinating 
aspects of electronics — amateur radio. 
Like many electronic hobbies, radio 

requires some skill, not just in building 
the equipment, but in operating it. In par-
ticular, operating a radio transmitter calls 
for a very good understanding of the 
principles of radio, and of operating pro-
cedures and practices, propagation (the 
ways in which radio waves travel 
through the atmosphere) and in-
terference. An inexperienced — or un-
qualified — operator can cause untold 
havoc to essential services such as the 
Fire Brigade and Ambulance services, 

who also use radio communications, as 
well as to other radio amateurs. This is 
the main reason why anyone wishing to 
operate an amateur radio station must 
obtain a licence from the Home Office, 
establishing that they are competent to 
use a transmitter without causing in-
terference to other users. Many radio en-
thusiasts, though, are interested only in 
short-wave listening, pulling in signals 
from broadcast or amateur stations in 
far-off countries, but even this simpler 
form of amateur radio requires con-
siderable skill and understanding. 
This series, then, is intended both to 

explain the principles of radio and to give 
an understanding of the skills necessary 
to become a radio amateur. So whatever 
your intentions — short-wave listening 
or operating an amateur radio station — 
here's your chance to get Into Radio( 

ONE of the few ways in which Man dif-
fers from the rest of the animal kingdom 
is in his ability to communicate. All 
creatures 'talk' to each other, but there 
are no other animals that can com-
municate with such flexibility or over 
such great distances. 
Somehow, in the dim distant past, 

Man evolved past the grunt and snort 
stage and developed several extremely 
complex languages. These enabled him 
to pass on information to other people in 
his vicinity. If he wanted his message to 
travel further, he shouted louder. If he 
wanted to communicate with someone 
who was out of earshot, he wrote down 
his message and asked someone to 
deliver it for him. Several days, weeks or 
months later, depending on the distance 
involved, he would receive a reply. 
Then the discovery of electricity led 

to a dramatic change in communication 
techniques. It became possible to ac-
tivate electrically operated devices such 
as buzzers or clicking relays from a con-
siderable distance by simply turning on 
the current and letting it flow down the 
cable. In 1838, Samuel Morse invented 
a code that is based entirely on the rela-
tionship between the length of time that 
the current is turned on and the time that 
it is turned off. Every letter of the 
alphabet was allocated a sequence of 
'dots' and 'dashes'. A 'dot' is indicated 
by an audio device, often a buzzer, soun-
ding for a very short period. A 'dash' is in-
dicated by the buzzer sounding for a 
period three times as long as for a 'dot'. 
Skilled operators could use this code to 
send messages at 20 to 30 words per 
minute and Telegraphy, as this system is 
called, spread rapidly around the world, 
especially in America where the cables 
were nearly always laid alongside the 
newly built railroads. 

The next breakthrough came in 
1876 when Alexander Graham Bell in-
vented the telephone. He proved that it 
was possible to send a voice signal along 
a wire, and the telephone rapidly replac-
ed telegraphy for mass communication. 
Gradually, a telephone system evolved 
that uses dozens of cables, running 
across continents and oceans, so that 
many hundreds of conversations can be 
held  simultaneously,  over  vast 
distances.  The  system  works 
reasonably well, but it is more suited to 
short-range communications because of 
the many thousands of miles of very ex-
pensive cable that have to be laid across 
continents and under oceans. 
Fortunately, at the same time as the 

telephone was establishing itself, a new 
medium was evolving. In the mid-19th 
century a physicist, James Maxwell 
Clark, put forward the theory that elec-
trical waves could be made to travel 
through the air. He was never able to 
prove his theory and it was not until 
some years after his death that Heinrich 
Hertz mlnaged to generate the very first 
radio waves. As these waves 'vibrate' 
many millions of times every second, it 
was not possible to generate them 
mechanically and Hertz used a gadget 
called a Spark Transmitter. This was, 
simply, a very large capacitor or induc-
tor, fed by an interrupted DC voltage. 
When the voltage was interrupted, the 

Hobby Electronics, April 1982 55 



U Into Radio 

1Hz 1kHz 

1km 1m  lcm  1mm 

RADA TFH  

1MICRON mm 1 pm 

AUDR-Y-11'.1  
FREQUENCIES 

1,VLF I LF  ME  HF VHFIUHF SHF EHF F 

•   
RADIO FREQUENCIES 

1MHz 1GHz 

H RADIOI" I  H "441-4 'I 
FM  TV 

BROADCASTING  RADIO 

1THz 

INFRA-RED H  ULTRA 
VIOLET 

0  0  0  0 

GAMMA 
RAYS 

ai Int 

VISIBLE LIGHT 

X-RAYS 

COSMIC 
RAYS 

Figure 1. The electromagnetic spectrum covers the range of frequencies from audio up to cosmic rays. 
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Figure 2 (above). The essential 
characteristics of a single sinewave. A 
sinewave may also have a certain 
phase, in relation to another sinewave; 
this is the angle (between 0° and 
180°, measured on the horizontal axis) 
between the start (0°) of one 
sinewave and the start of the other. 
Figure 4 (right). Amplitude modulation 
and demodulation. The amplitude of 
the radio frequency carrier is made to 
vary by the modulating audio signal. 
The audio is recovered by half-wave 
rectifying the AM signal and filtering 
out the radio frequencies. 
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Figure 3. Electromagnetic waves are sinewaves of energy that result from 

the acceleration of charged particles. The frequency and wavelength of any 
electromagnetic wave are related by the speed of light (c) . 

To find the wavelength (N) of a certain frequency (1, simply divide c by f. 
That is: 

— 

For example, a 27 MHz radio signal has a wavelength of: 

300x106 300 000 000 
X -     - 11 metres. 

27x106 27 000 000 

The frequency of a station with a known wavelength is found by dividing 
c by N. That is: 

f = 

So, the frequencies of Radio One are: 

300x106 
f -   - 1.09 MHz 

275m 

300x106 
or    - 1.05 MHz 

285m 

energy stored in the capacitor or induc-
tor was discharged across a narrow 
'spark gap', and the spark produced 
radio waves. These waves are sinusoidal 
and, in order to understand the principals 
of radio, it is important to fully under-
stand sine waves. 

Sine On 
The sine wave shown in Figure 2 is a 
graphical representation of a voltage 
that starts at 0 V, gradually increases to 
10 V, falls back to 0 V again, sinks to 
- 10 V and then rises back up to 0 V. 
This is one complete cycle of a sine wave 
and the frequency of a sinusoidal signal 
is the number of cycles that occur in one 
second. Some older textbooks still quote 
frequency in 'cycles per second' but 
they are now usually called Hertz, in 
honour of Heinrich Hertz. The peak-to-
peak value (amplitude) of the signal is 
measured from point Al to A2. The 
length of one complete cycle. B1 to B2, 
is the wavelength and, as all radio waves 
travel at the speed of light 1300 million 
metres per second), we can find the 
wavelength of any given frequency by 
dividing the velocity by its frequency 
(Figure 31. 
As these examples show, the lower the 
frequency of a signal, the longer its 
wavelength will be. This is an important 
point and we will be looking at it again 
when we come to examine antennas, as 
their length is always directly propor-
tional to the wavelength of the signal 
they are designed to work with. 
The spark transmitter that Hertz used 

is considered to be a 'dirty' transmitter 
because it radiated radio signals on 
dozens of different frequencies. During 
the Second World War, for example, 
these transmitters were used to jam the 
enemy's signals because it was not 
necessary to tune them to a specific fre-
quency - a spark will generate in-
terference across almost the entire radio 
spectrum. 
For practical communications, 

though,  sparks gave way to RF 
oscillators, electronic circuits that can 
produce sine waves at radio frequencies; 
we will explain them in a later issue. 
It's not much use being able to send 

electrical signals through the air if they 
can't be made to carry information with 
them. Initially, the process of impressing 
the information on to the signal used the 
Morse code and, as cables were no 
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Into Radio III 
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Figure 5. Sidebands, generated by 
amplitude modulation. 
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longer used to carry the signal, it was on-
ly natural that this system soon became 
known as 'Wireless Telegraphy'. Unfor-
tunately, 'WT' suffered from the old pro-
blem of needing skilled operators, and 
the search was on for a way of letting 
people talk to each other via radio. 
It was soon found to be possible to 

vary the amplitude of an RF (Radio Fre-
quency) signal in proportion to an AF 
(Audio Frequency) one, by a process 
called modulation (Figure 4). 
However, when one signal is used to 

modulate another, the result is not really 
as simple as you might expect. If we 
were to modulate a radio frequency of 
1 MHz with an audio signal of 1 kHz, we 
would end up with four frequencies — 
not two (Figure 51. The resultant signal 
always consists of the higher frequency 
(the 'carrier'), the lower frequency, the 
higher plus the lower and the higher 
minus the lower. The 'sum' and 'dif-
ference' frequencies, are called the 
sidebands: the sum signal is the upper 
one because it is above the carrier and 
the difference signal is the lower side-
band because it is below. When the car-
rier is being modulated by a constant 
tone, the sidebands are constant, but 
when the carrier is modulated by a vary-
ing waveform, such as speech, the fre-
quencies of the sidebands will vary 
within a range of frequencies governed 
by the modulating frequencies. If the 
range of the speech frequencies used 
were to be 300 Hz to 3,000 Hz, then 
the sidebands would cover the frequen-
cies shown in Figure 5. 
In fact the bottom half of a modulated 

carrier wave is a mirror image of the 
upper half and it carries exactly the same 
information — using more bandwidth 
then is actually necessary. To overcome 

Into Amateur Radio 
Before setting up an amateur radio sta-
tion, it is necessary to obtain a licence 
from the Home Office. Unfortunately, it 
is a little more complicated than obtain-
ing a CB licence, but the rewards of 
amateur radio (the world at your finger-
tips)) are well worth the effort. 
There are actually two classes of 

licence, A and B, and the basic require-
ment for either is a pass in the Radio 
Amateur's Examination (RAE). This is 
something HE readers should not find 
too difficult, though, because much of 
the material will already be familiarl 
The other common requirements are 

(a) British nationality (although Com-
monwealth or alien residents in the UK 
may take out a licence under certain con-
ditions) and (b) payment of a fee(£8). To 
qualify for the full A licence, it is also 
necessary to pass the Post Office Morse 
Test not more than 12 months before 
applying for the licence. The A licence 
allows operation on any of the amateur 
bands and permits the use of morse 
telegraphy;  B licence holders are 
restricted to frequencies  below 
144 MHz and may not transmit morse. 
The RAE consists of two papers; Part 

1 contains 23 multiple-choice questions 
on licencing conditions (the usual 
beaurocratic stuff), 12 questions on 
transmitter interference, and takes one 
hour. Part 2 takes 1 34 hours and con-
sists of 60 multiple-choice questions; 
five questions are on operating practices 
and procedures, 11 are on electrical 
theory, nine on semiconductors, nine on 
radio receivers, nine on transmitters, 10 
questions on propagation and antennas 
and seven questions on measurements. 
The RAE is held twice yearly at the City 
and Guilds ot London ;nstr :e, 'leen el 
and Telecommunications drancri, 
Portland Place, London W1N 4AA, but 
may also be taken at local colleges and 
examination centres throughout the 
country. 

Morse tests can be taken throughout 
the year at the Post Office headquarters, 
in London, at any Post Office Coast Sta-
tion or at any of the Radio Surveyor's Of-
fices. The Home Office Publication 
"How to Become a Radio Amateur", 
which is free of charge from the Radio 
Regulatory  Department,  Licencing 
Branch  (Amateur), Warerloo Bridge 
House, Waterloo Road, London SE1 
8UA, contains all the addresses of the 
Post Office Centres, as well as full 
details of the requirements for obtaining 
an amateur licence. The Morse Test is 
not hard, but does require practice! It in-
volves sending  36 words in three 
minutes, with up to four corrected errors 
allowed, and receiving 36 words in the 
same period. Four corrections may be 
made in transmission and four errors are 
allowed in reception. Then, 10 groups of 
five figures must be sent and received in 
two periods of 11/2  minutes; two receiv-
ing errors are allowed and two correc-
tions may be made in sending. 
Any reader seriously interested in ap-

plying for an amateur licence should con-
tact the authorities at the addresses 
given, for detailed information on the 
RAE and the other requirements for a 
licence. They should also contact the 
Radio Society of Great Britain. The 
RSGB, with 29,000 members, is the na-
tional society for UK radio amateurs and 
is their recognised spokesman and 
representative, both in the UK and inter-
nationally. Membership is open to 
anyone with an interest in amateur radio, 
whether or not they hold a licence. The 
RSGB publication "Radio Amateur's Ex-
amination Manual", by G.L. Benbow, is 
an excellent text book for anyone inten-
ding to sit the RAE. It is available from the 
RSGB,  35 Doughty Street, Loncion 
WC1N 2AE; Tel. 01-837 8688. 

this problem, Single Sideband transmis-
sions are often used. For this sort of 
transmission, the carrier and one of the 
sidebands is 'suppressed'  at the 
transmitter and only the other sideband 
is transmitted. This also means that 
audio power is not wasted modulating 
two sidebands. Single sideband trans-
mitters and receivers will be explained in 
a future article. 
Another way to modulate a carrier is 

to vary its frequency by an amount that 
is proportional to the amplitude of the 
modulating signal. This means that the 
frequency of the carrier is made to vary in 
frequency either side of its mean fre-
quency, and the greater the amplitude of 
the modulating frequency, the more the 
'deviation' from the mean. As the fre-
quency of the modulating frequency 
rises, so will the rate of change of the 
carrier. Figure 6 shows a typical frequen-
cy modulated carrier wave and the 
modulating sine wave. 
FM carriers do not vary in amplitude 

but, because of the complex nature of 
the many changing frequencies, they 
tend to generate a lot of sidebands. This 

means that an FM signal takes up more 
room on the RF spectrum, however an 
FM signal is also relatively immune to 
noise and interference. In this country, 
FM is normally used to modulate broad-
casts in the VHF (Very High Frequency) 
band, and the combination of VHF and 
FM means that the quality of these 
broadcasts is far better than medium 
wave AM radio. 
NBFM  (Narrow  Band  Frequency 

Modulation) is a special form of FM. In 
NBFM signal the total amount of devia-
tion from the carrier frequency is limited 
to quite a small figure, often 2.5 kHz. 
This type of FM is usually only used for 
speech transmissions, as such a narrow 
band will not carry the quantity of infor-
mation that is needed for hi-fi quality. 
The main use for NBFM is in amateur 
radio and commercial two-way radio, 
such as the police, taxis, boats and most 
recently, British CB. 
Next month we will be looking at the 

basic elements of a radio system. We'll 
be dissecting a transmitter/receiver and 
getting to grips with some essential 
ideas of radio circuitry. HE 
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WE DELIVER! 
If you would like to ensure a regular supply of Hobby Electronics for the 
next twelve months, each issue lovingly wrapped and posted to you, 
nothing could be simpler. Just fill in the form below, cut it out and send 
it with your cheque or Postal Order (made payable to ASP Ltd) to: 

Hobby Electronics Subscriptions, 
513 London Road, 
Thornton Heath, 
Surrey CR4 6AR 

Alternatively you can pay by Access or Barclaycard in which case 
simply fill in your card number, sign the form and send it off. Do NOT 
send your card. 

Do yourself a favour. Make 1982 the year you start to take Hobby 
Electronics, regularly. Delivered fresh every month. 

SUBSCRIPTION ORDER 
FORM 

Cut out and SEND TO: 
Hobby Electronics Subscriptions 

513, LONDON ROAD, 
THORNTON HEATH, 

SURREY, 
ENGLAND. 

Please commence my personal subscription to Hobby 
Electronics with the   issue. 

SUBSCRIPTION 
RATES 
(tick  as 
appropriate) 

£10.75 for 12 issues 
U.K 

£12.75 for 12 issues 
overseas surface 

£25.70 for 12 issues 
Air Mail 

82 '1 
M M M M M M M M M M M  no m = us 

I am enclosing my (delete as necessary) 
Cheque/Postal Order/International Money 

Order for    
(made payable to A.S.P. Ltd) 

OR 
Debit my Access/Barclaycard' 

( 'delete as necessary) 

I 
Please use BLOCK CAPITALS and include post codes. 

Name (Mr/Mrs/Miss)   
delete accordingly 

Address   

Signature   

Date   

mai m m ois mi m mi m m m m mimmemem moinu m m Ell 
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Send for my CATALOGUE ONLY 75p 
(plus 25p post/packing) 

My VAT and post/packing inclusive prices are the 
lowest. All below normal trade price — some at only 

one tenth of manufacturers quantity trade. 
See my prices on the following: 

CAPACITORS . . . ELECTROLYTIC; CAN, WIRE END, TANTALUM, MULTIPLE, 
COMPUTER GRADE, NON POLAR, PAPER BLOCK, CAN, POLY, MICA, CERAMIC. 
LOW AND HIGH VOLTAGE, RESISTORS. 118th WATT TO 100 WATT; 0.1% TO 
10% CARBON, METAL AND WIRE WOUND + NETWORKS. FANS, BATTERIES, 
SOLENOIDS, TAPE SPOOLS, VARIABLE CAPACITORS AND RESISTORS, 
TRIMMERS, PRESETS, POTS . . SINGLE, DUAL, SWITCHED, CARBON, 
CERMET AND WIREWOUND, SINGLE OR MULTITURN, ROTORY AND SLIDE. 
DIODES, RECTIFIERS, BRIDGES, CHARGERS, STYLI), SOCKETS, PLUGS, 
RELAYS, TRANSISTORS, ICS, CLIPS, CRYSTALS, ZENERS, TRIACS, 
THYRISTORS, BOXES, PANELS, DISPLAYS, LED'S, COUPLERS, ISOLATORS, 
NEONS, OPTO'S, LEADS, CONNECTORS, VALVES, BOOKS, MAGAZINES, 
TERMINALS, CHOKES, TRANSFORMERS, TIMERS, SWITCHES, COUNTERS, 
LAMPS, INDICATORS, BELLS, SIRENS, HOLDERS, POWER SUPPLIES, HARD 
WARE, MODULES, FUSES, CARRIERS, CIRCUIT BREAKERS, KNOBS, 
THERMISTORS, VDR'S, INSULATORS, CASSETTES, METERS, SOLDER, 
HANDLES, LOCKS, INDUCTORS, WIRE, UNITS, MOTORS, COILS, CORES, 
CARTRIDGES, SPEAKERS, EARPHONES, SUPPRESORS, MIKES, HEATSINKS, 
TAPE, BOARDS and others. 

Prices you would not believe before inflation! 

BRIAN J. REED 
TRADE COMPONENTS 

ESTABLISHED 25 YEARS 

161 St. Johns Hill, Battersea, London SW11 1TQ 
Open 11 am till 7 pm Toes to Sat Telephone 01 223 5016 

COMPONENTS IN BIRMINGHAM 

CMOS-LSTTL-LINEAR-ICs NOWIll IN DEPTH STOCK 
From National Semiconductor 
Some Egs.  4011  15p  4013  34p  4017  42p 

4093  38p  40161  59p  4643  134p 
74LSOO  12p  74LS90  33p  74LS386  28p 
LM380  75p  TBA120  90p  TDA2640  216p 

Tull range list available . Quantity( discounts Ask for details   
PCBs. The FOTOway - Brochure on Request. 

NEW BARGAIN Packs: 
16 - TTL ICs   £1.10  6 - Slide Switches....  60p 
9 - CMOS ICs  £1.10  100 -- 1 8 Watt Resistors .  60p 
10 - Croc Clips  EO M  30  1 Watt Resistors . .  60p 
5 - Es Equipment Bds  El  5 -- Large Elect Caps   11 
8 - Knobs  £1.20  4 - Rotary Switches   f 1. 20 

Post Et packing 60p per order FREE over CIO 

P.A.T.H. Electronic Services Wholesale + Retail 
369 Alum Rock Road, Birmingham B8 3DR 

Open 10 he 6 weekdays 9.30 till 5 Saturdays 
Distributors for Antex - Altai - Behan, - Hills - Semis°, - PATH FOTOway - 

PATH Box - Safgan - Vero Electronics  MUCH MUCH MORE 

cDept. No. 22,44 Paddock Mead, Harlow. Essex EM IS 7181t. I el. 0279 32700 

RESISTORS: ',. Watt Carbon Film E24 range .± 5, tolerance High quality resistors 
made under strictly controlled conditions by automatic machine, Bandolirred 
and colour coded 
£ I -00 per hundred mixed (Min 10 per value) 
£8.50 per thousand mined IMin 50 per value) 

'al ,mock pack 60 value, 10 off each ES.,6•11,„,..ar 

PARNDON ELECTRONICS LTD. 

DIODES: 1N4148  3p each Min order quantity  IS 'won, 
CI 60 per hundred 

DIL SWITCHES: Gold plated contact in fully sealed base  it 
programming problems 
4 Way 86p each 6 Way £1.00 each 8 Was E 1.20 each .11 1 

DIL SOCKETS: High qualm; low profile soc kets 
8 pan - 10p. 14 pin - Ilp. 16 pin - 12p. 18 pin - 19p. 20 pin - 2Ip. 
22 Pin - 23p. 24 pin - 2Sp. 28 pin - 27p. 40 put - 42p. 

ALL PRICES INCLUDE V.A.T. ai POST & PACKING — NO EXTRAS 
MIN ORDER - UK LI 00 OVERSEAS 15  CASH WITH ORDER PLEASE 

MOSFET Ultra-Fl, with heatsinks 

WHYAN ILP 
MOSFET 

POWER AMP? 
Because ILP  L  imps give you ult.a-fi 

performance without costing big money Performance you 
thought you couldn I afford at a price you know 
you can 

All ILP modules are compatible with 
each other — you'll find many more in other ILP 
ads in this magazine Choose ILP MOSFET power 
amps when you need the fastest possible slew 
rate low distortion at high frequencies, better 
thermal stability MOSFET power amps work 
with complex loads without difficulty and 
without crossover distortion Connection is simple 
— via 5 pins With other ILP modules you can 
create almost any audio system whatever your age 
or experience 

ILP MOSFET power amps are now available with 
integral heatsink nO extra heatsink required) or ready for 
mounting on to your own heatsink or chassis . Full dissipation detail on data sheet. 
available on request Each carries a 5 year no quibble guarantee and comes with full 
connection data 

Send your order FREEPOST today on the coupon at the foot of This ad 

Load impedance, all 
models 4 ohm — infinity 
Input impedance, all 
models 1006 ohm 
Input sensitivity, all 
models 500 mv 
Frequency response, 
all models 15Rz-50kRz 3db 

DISTORTION 

Model No 
Output 
power 
wans rms 

THD 
Typ 
at UM/ 

IAA() 
50H7/7kHz 
4 I 

Supply 
voltage 
Typ/Max 

Size min WI 
gun 

Price 
Inc VAT 

Prse 
ex VAT 

MOS 120 6Cm /4 Illt <0 005% <0 008% ±451-50 120 x 78840 420 £29 76 £25 88 

MOS 200 120w/4 80 <0-1305% <0 006% .55.60 120 x 78 x 80 850 £38 48 £33 46 

MOS 400 240w '40 <0 005% <0 006% r. 55±60 120 x 78x 100 1025 £52 20 £45 39 

MOSFET Ultra-Fl without heatsinks 

'10  1iP 
%Inc rnno 

512v, 4 611 i.. 0 005 . •L 0 006% •45±-50 120826 x40 215 126 82 £23 32 

120w ,'4 842 <0 005% <0 006°., .55i60 120826880 420 £32 81 £28 53 

140w '411 < 0 005% < 0 006% .55.60 1208268100 525 £44 75 £38 9, 

Protection 
Able to cope with complex loads without the need for very special p otectionCircuitn, 

'luSeS will sufficel 

Ultra-ti specifications: 
Slew 'ate 20Vps Rise time3us S/N ratio 100db Frequency response f -3(18 

'51.1z-100kHz  Input sensitivity 500mVrms  Input impedance 100k  Damping facto) 
BIT 'nof-sz, ,400 
How to order Freepost: 

Use This COuDOn or a separate sheet of paper to order these products or an, 
products horn other LP Electronics advertisements No stamp is needed it you address tr 
P1660061 Cheques and oostaiorders must becrossedand payable to ILPElectronics Ltd case 
must De registered C 0 D — add Et to total order value Access and Barclaycard welcome 
A'l  "ire's sent 00S1 free within 7 days of receipt of order 

r. e,r.5, ',CO me the following 
LP modules 

'otal purchase price 

encloseCheque LI  Postal Orders 0 
Please debit my Access/ Barclaycard No 

%ame 

Address 

Signature 

Int Money Order 

Post Is ilP Electronics 1r4 Freepost 2 Graham Bell House Reber Closr, 
Canterbury CT? 7EP Cent England 
',4eithone (0277154778 Technical (0227164723 Tele, 965780 
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1 
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ELECTRONIC IGNITION 
Makes a good car 

better 

A% a 
KIT 

RE ADY 
BUILT 

•   

TOTAL ENERGY DISCHARGE electronic 
ignition gives all the well known advantages of the best capacitive 
discharge systems 

PEAK PERFOR MANCE 
conditions 

higher output voltage under all 

IMPROVED ECONO MY   no loss of ignition performance 
between services 

FIRES FOULED SPARK PLUGS no other system can better the 
capacitive discharge system's ability to fire fouled plugs. 

ACCURATE TI MING   prevents contact wear and arcing 
by reducing load to a few volts and a fraction of an amp. 

SMOOTH PERFOR MANCE —  immune to contact bounce and 
similar effects which can cause loss of power arid roughness. 

PLUS 
SUPER PO WER SPARK —  3V times the energy of ordinary 
capacitive systems — 31/2 times the power of inductive systems 

OPTI MU M SPARK DURATION 3 times the duration of ordinary 
capacitive systems  essential for use on modern cars with weak fuel 
mixtures 

BETTER STARTING   full spark power even with low 

battery. 

CORRECT SPARK POLARITY  unlike most ordinary C.D. systems 
the correct output polarity is maintained to avoid increased stress on the 
H T system and operate all voltage triggered tachometers. 

L.E.D. STATIC TI MING LIGHT  for accurate setting of the engine's 
most important adjustment. 

LO W RADIO INTERFERENCE  fully suppressed supply and absence 
of inverter 'spikes' on the output reduces interference to a minimal level. 

DESIGNED IN RELIABILITY  an inherently more reliable circuit 
combined with top quality components - plus the 'cltimate insurance' 
of a changeover switch to revert instantly back to standard ignition. 

IN KIT FOR M  it provides a top performance 
electronic ignition system at less than half the price of competing ready 
built systems. The kit includes everything needed, even a length of solder 
and a tiny tube of heatsmk compound. Detailed easy to follow instructions 
complete with circuit diagram, are provided  all you need is a small 
soldering iron and a few basic tools. 

AS REVIE WED IN 
ELECTRONICS TODAY INTERNATIONAL  June '81 Issue 
and EVERYDAY ELECTRONICS  December '81 Issue 

FITS ALL NEGATIVE EARTH VEHICLES, 

6 or 12 volt , with or without ballast 

OPERATES ALL VOLTAGE IMPULSE TACHO METERS 
Some older current impulse types (Smiths pre '74) reautre an adaptor 
PRICE f2.95 

STANDARD CAR KIT  £14.85 
Assembled and Tested  £24.95 

T WIN OUTPUT KIT  £ 22.95 
For MOTOR CYCLES and CARS with twin 'wino, systems 

Assembled and Tested  £34.70 

ELECTR O NIZE DESI G N 
Dept E, Magnus Road, Wilnecote 

Ta m worth, 877 5BY 

Phone 10827) 281000 

PLUS 
11.00 
U.K 
P. & P 

Prices 
Include 
VAT 

NSA 

RECHARGEABLE 

BUTHERTS 

PRIVATE OR TRADE 
ENQUIRIES WELCOME 

FULL RANGE AVAILABLE SEND SAE 
FOR LISTS. £1.45 for Booklet "Nickel 
Cadmium Power" plus Catalogue. 
Write or call: 

* NEW SEALED 
LEAD RANGE AVAILABLE * 

SANDWELL PLANT LTD. 
2 Union Drive, Boldmere 

Sutton Goldfield, West Midlands 
021-354 9764 

After hours 0977 84093 

Please mention HE 
when replying 
to advertisers 

ALARMS 
DIY KITS-A/BITS 

PROFESSIONAL EQUIPMENT AT DISCOUNT PRICES' 

•KITS £32, £50, £75, £85 including full instructions•CONTROL 
PANELS £18, £23, £29, £37•BELL BOXES £6.25, £7.50• 
•PRESSURE PADS £1.06, £1.45, £1.9504 CORE CABLE 
1100m) £8•S1RENS £7.50•CONTACTS 72p, 74p, 76p• 

•ULTRASONCIS 04.50•DOOR PHONES £49.426 

BUY A KIT OR DESIGN YOUR OWN SYSTEM 
SEND SAE OR PHONE NOW FOR FREE FULLY ILLUSTRATED CATALOGUE 

IT TELLS YOU ALL YOU NEED TO KNO W 

Carriage Included VAT Extra 15% 

A.D. Elk-twin. 217 Warbrsch Meg. Aintree, Liveried LB OW 051 5235140 

Trade Enquiries Welcome 
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Feature 

INTO ELECTRONIC
COMPONENTS

Part 9 is all about the popular 741 op amp.
ONCE upon a time, engineers used to
spend a lot of their time designing tran-
sistor voltage amplifiers. The most dif-
ficult to design were direct -coupled
amplifiers, which used no coupling
capacitors. A direct -coupled amplifier
will amplify very low frequencies as well
as the normal audio range and it will even
amplify signals with no frequency at all,
that is, DC signals. This means that a
small DC voltage at the input of the
amplifier will produce a larger DC voltage
at the output; the design of these
amplifiers is a real headache, because
the slightest change in the bias voltage
at the input will send the output voltage
rocketing up or down.

That all seems a long time ago,
because we very seldom need to go
through those aspirin -consuming exer-
cises, these days. The reason is that we
can be altered by the amount of doping,
a single chip of silicon in the form of an in-
tegrated circuit. In the previous couple of
chapters we've hinted of what can be
done. The resistance of a strip of silicon
can be altered by the amount of doping
so that we can create resistors on a strip
of silicon just as easily as we can create
junctions. We can also use the silicon to
create capacitors, by oxidising the sur-
face and then depositing metal on top of
the oxide, just like the gate of a MOSFET.
Since silicon can be used to create the
four main electronics components
(diodes, transistors, resistors, capaci-
tors), there is no reason why complete
circuits should not be made from silicon.
This fact was first realised, even before
the use of silicon in transistors had been
established, by W. Dummer, who work-
ed at the Radar Research Establishment
in Malvern, in the early 1 950s. The idea
was much too advanced for British in-
dustry (and quite inconceivable to the
Civil Service who ran the Radar
Establishment and told Dummer to cease
work on the idea), but it was en-
thusiastically taken up in the USA. If the

INPU1

0.1v

0 2V

OUTPUT

+9V

1 V

-.3V

9V

0 7V

Figure 1. DC amplification illustrated
for an inverting amplifier with a voltage
gain of 10.

story sounds familiar, you're probably
thinking of jet engines, swing wings, or
any of the dozens of ideas which had to
leave this country to be developed!

Nowadays, of course, we can buy
complete direct -coupled amplifiers in IC
form for about the cost of a single tran-
sistor. This is because the complete IC
amplifier is made in one set of operations
- almost the same set of operations as
are needed to make that single tran-
sistor. One of the best-known direct -
coupled amplifiers is the 741; that's the
component to which we are devoting the
whole of this month's story.

INPUTS OUTPUT

NO OUTPUT WHEN
INPUTS ARE IN PHASE

INPUTS OUTPUT

AMPLIFIED OUTPUT WHEN
INPUTS ARE INVERSE

OF EACH OTHER

Figure 2. Differential amplification.

It seems odd to think of a complete
amplifier as a single electronic compo-
nent but, as it comes as a single unit,
that's what it is. Sometimes we think we
would like to know the circuit inside the
IC, but we really don't need to know
what goes on inside because it doesn't
help us to design circuits. What we need
to know about the 741 is, in fact, what
we need to know about any electronic
component - how do we connect it and
what does it do? The more we use this
approach the better, because the day is
rapidly approaching when no-one, apart
from the designer, will know exactly
what the circuit of an IC is.

What's The Difference?
The 741 is a differential amplifier; unlike
the simple voltage amplifier that we are
more accustomed to, a differential
amplifier has two inputs and the signal
which is amplified is the difference bet-
ween these two inputs. For example, if
we put the same sine wave to both in-
puts, nothing will be amplified because
there is no difference. If one of the
signals is inverted however (Figure 2),
then there is plenty to amplify because
the difference between them is a large
signal.

What's the point of this arrange-
ment? One reason is that it allows us to
use balanced input signals. A balanced
signal consists of a pair of identical
signals, one the inverse of the other.
Now, if any interference is added to
these signals, it will be in the same phase
on both and won't be amplified by a dif-
ferential amplifier, whereas the balanced
signal will. This allows us to amplify
signals which are very weak, weaker
than hum or other interference, and to
carry them over long cables without risk
of interference.

Another reason for using two inputs is
that it allows us to use the amplifier in
two different ways; when a signal is put
in at one input (the 'positive' or non -
inverting input), it will result in an output
which is in phase with the input, so that
connection from the output back to the
input will cause positive feedback. The
other input ('negative' or inverting input)
will, by contrast, result in an output
which is phase -inverted compared with
the input and, if fed back, this will give
negative feedback.

IC It All
The 741 chip can be obtained in various
packages, such as a "top -hat" TO -5
transistor casing, but the most useful

INPUT OUTPUT

HUM

AMPLIFIED SIGNAL
NO HUM

,..IGNALS ARE
PHASE -INVERSE.

HUM IN SAME PHASE

Figure 3. How differential amplification
overcomes interference problems.
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form for most purposes is the DIL (Dual -
In -Line) 8 -pin package, shown in Figure
4. Not all of the eight pins are used, but
identification of pin numbers is easy and
the DIL package is used for many other
ICs. Notice the two inputs, labelled 1+ )
and ( - I. Thel+ 1 and ( -)markings have
nothing to do with battery positive and
negative; they simply tell you which in-
put is in phase (non -inverting) and which
is out of phase (inverting). There is a
single output from pin 6, two other ter-
minals which we'll discuss later, and the
two supply connections at pins 7 and 4.

1C

2C

3C

4C

v -

Figure 4. The 8 -pin DIL version of the
741.

)S
37
36

5

Many 741 circuits use balanced
power supplies, meaning that there are
two equal voltages, one positive, the
other negative to earth. A popular
arangement is + 9 Von pin 7 and -9 V
on pin 4. This arrangement leads to very
simple amplifier circuits, particularly if
the 741 is being used for DC or balanced
signals, but it is possible to operate the
741 from normal 9 V -and -zero supplies
(unbalanced, or single -ended supplies)
and we shall look at ways of doing this
later.

As it comes, the 741 has a voltage
gain for AC or DC of around 100,000
times. This is frighteningly large com-
pared to the transistor voltage amplifiers
that we knock up ourselves and it makes
nonsense of our usual bias systems. Try
this out, using the Eurobreadboard and
the circuit of Figure 5. The HE meter
measures the voltage at the output and
the inverting pin (pin 2) is earthed. Now
by adjusting the potentiometer RV1, we
should be able to adjust the bias on the,
other input so that the output voltage is
exactly zero. Try it - and the chances
are you'll find the meter reading either
+ 9 V or, with its needle pressed firmly
against the stop, trying to read -9 V.
Even if you do manage to get the needle
exactly to zero, it's not likely to stay
there for long. The reason is not difficult
to see. With a voltage gain of 100,000
times at DC, you'll get a shift of 1 V at

-r
9V I

9V

j
BALANCED POWER

SUPPLY USING
2X9V BATTERIES

Figure 5. Can you find a bias voltage
for the 741?

the output for a change of only
1/100,000 V at the input. That is only
10 uV and you can get 10 uV or so just
by exposing a soldered joint to some cold
air (as we will see in Part 12 when we
look at thermocouples). No ordinary
method of biasing is much use when we
have gain figures of this magnitude.

Getting It Under Control
The simplest way of getting it all under
control is to use DC negative feedback.
Try the circuit in Figure 6 - you should
find that the output voltage is now ex-
actly zero, with no adjustments to worry
about. Why? Well, the non -inverting in-
put has been earthed and the inverting
input is connected to the output through
a 100k resistor. Now, if the voltage at
the inverting input is lower than zero
(negative) at some time, then the output
will go positive because of the inverting
action of the amplifier and this positive
voltage, connected to the inverting input
through resistor R1, will take the voltage
at the inverting input in a positive direc-
tion. Suppose, now, that the voltage of
the inverting input is positive - more
than zero. Because of the inverting ac-
tion, the output voltage must now be
negative and the feedback resistor will

Figure 6. Using negative -feedback bias,
with balanced power supplies.

make sure that the voltage at the inver-
ting input also goes negative. So, with
any voltage change at the output caus-
ing the opposite effect at the input, the
result is that both input and output settle
at zero volts, neither one disturbing the
other. This type of bias circuit is used
almost universally for 741 circuits, but
for a few specialised circuits which need
to make use of the full gain of the 741; in
these circuits the connections to pins 1
and 5 are used to adjust the bias inside
the IC. The circuit used is shown in
Figure 7. Both inputs are earthed, to set
up the circuit, and the potentiometer
RV1 is then adjusted until the DC voltage
at the output is exactly zero.

Figure 7. Using the offset adjustment
pins of the 741 for a DC amplifier.

Drop It, Drop It
Most uses of the 741 call for much less
than its full gain of 100,000 so we're
going to look at some of the standard cir-
cuits, all of which make use of negative
feedback to reduce the gain. The usual
method is to use a combination of AC
and DC feedback, with all the DC at the
output and a fraction of the AC fed back.

One typical circuit, which uses an in-
put to the inverting input terminal of the
741, is shown in Figure 8. In this circuit,
the resistor shown as R1 can consist en-
tirely of the output resistance of the cir-
cuit that is connected to this input, or it
can be partly output resistance, partly a
resistor wired in place. The feedback is
through R2, and the gain of the whole
circuit is, quite simply, R2/R1. If, for ex-
ample, the values are R2 = 100k, R1 =
1k, the gain is 1 00/ 1 = 100 times; the
DC voltage at the output terminal is zero,
because of the DC feedback.

This circuit is that of an inverting
amplifier whose input resistance is equal
to R1 and whose output resistance is
very low. The circuit of Figure 8 is shown
using two power supplies to obtain a
balanced + 9 V and -9 V, but we can
re -design the circuit to use just a single
9 V supply.

The single -ended version is shown in
Figure 9. The non -inverting input has
been biased to a voltage of 4V5 by the
two 10k resistors, R3 and R4, and the in-
verting input will be biased to the same
voltage by feedback through R2, as
before. We do have to be careful,
though, not to connect anything to the
input which will alter the DC voltage of
the inverting terminal, even by a few
millivolts DC. The safest way to ensure
this is to couple signals to the input
through a capacitor, so that using this
circuit means abandoning DC amplifica-
tion. This is seldom a hardship, because
few applications of the 741 call for a DC
amplifier used with a single -ended power
supply.

R2

RI

+9v

9V

Figure 8. A 741 inverting amplifier
circuit using balanced power supplies.

OUT

la

IN

Figure 9. The inverting amplifier circuit
rearranged to use a single -ended power
supply.
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Setting the gain to a fixed value is
easy, but varying the gain isn't quite so
simple. We could, of course, make either
R1 or R2 variable, but it's not really
desirable to have potentiometers with
none of their terminals at earth voltage,
so this method of controlling gain is
seldom used. A better method, if we
simply want gain control, is shown in
Figure 10. R2 is the fixed resistor which
provides both AC and DC feedback, but
additional AC feedback is obtained by
using the potentiometer RV1 and
capacitor C1 across R2.

Figure 10. One method of gain control,
using variable AC feedback.

The alternative to the inverting
amplifier is, reasonably enough, the non -
inverting amplifier. A non -inverting
amplifier circuit uses feedback to the in-
verting input, as before, to keep the gain
and bias under control but the signal is
taken to the non -inverting input, so that
the output is in phase with the signal at
this input.

A typical circuit, using balanced
power supplies, is shown in Figure 11.
The feedback of both AC and DC to the
inverting input is through a potential
divider, R1 and R2, and a high -value
resistor, R3, is connected between the
non -inverting input and earth. The gain is
given by (R1 + R2)/R2, which is the in-
verse of the loss caused by the potential
dividing action of R1 and R2. For exam-
ple, if we used R1 = 100k, R2 = 10k,
then the gain would be 110/10 = 11
times.

The input resistance of this circuit can
be very high, IMO or more, and the out-
put resistance is very low, a fraction of
an ohm, so that this is a very useful cir-
cuit indeed, particularly since in its
balanced form it can be used for DC as
well as for AC signals.

Like the inverting amplifier, the non -
inverting type can be used with a single

+9V

Figure 11. A non -inverting 741
amplifier, using balanced power
supplies.

power supply, though at the price of a
few complications. The complications
arise because the DC level of the inver-
ting input must be the same as the DC
level of the output, despite the potential
dividing action of the resistors R1 and
R2.

A suitable circuit is shown in Figure
12. The non -inverting input is biased to
half of the supply voltage by means of
two equal resistors R1 and R4. The feed-
back is through the potential divider
formed by R2 and R3, but C3 isolates the
inverting input from earth for DC, so that
the DC voltage of the inverting input is
the same as the DC voltage of the out-
put. For AC signals, however, the effect
of C3 is so small that R3 behaves as if it
were connected to earth. The resistors
R2 and R3, therefore, behave as a poten-
tial divider for AC signals, but not for DC
and the DC bias is therefore unaffected.

Figure 12. The single -ended power
supply version of the non -inverting
amplifier.

0
+V

Since the DC input voltage is half of
the supply voltage, the coupling of the
signal to the input has to be by a
capacitor and if low frequency signals
are to be amplified without too much
loss, this capacitor must be of a value
large enough to pass low frequencies
without too much attenuation. The input
resistance of the circuit is not as high as
that of the circuit which used a balanced
power supply, because of the two bias
resistors R4 and R1. The input
resistance of the circuit is the parallel
combination of these two (ignoring the
resistance of the 741 itself, because it is
very high), so that if each is 100k, then
the total input resistance is only 50k.
This looks crazy when you glance at the
circuit - surely R4 is in series with R1?
- but the point is that we are talking
about input resistance for AC signals and
as far as these are concerned, the
positive supply line is as much at earth
voltage as the earth line itself because
there will be a large -value electrolytic
connected somewhere in the power
supply between positive and negative
supply lines, passing signal frequencies
easily. As far as AC is concerned, then,
the resistors are in parallel, though they
are in series for DC bias currents. The
output resistance of the circuit is, as
usual, low.

This non -inverting circuit is some-
times called a "follower with gain",
because its action is similar to that of an
emitter -follower but with voltage gain,
which a real emitter follower does not
have.

A circuit which actually simulates

emitter -follower action is shown in
Figure 13. The circuit is shown in its
double -ended power -supply form, with a
single resistor connecting the output to
the inverting input. Because there is no
division of the signal that is fed back, the
gain is unity (one). We often assume that
the gain of a transistor emitter -follower
is exactly unity, but it seldom is (it's
always slightly less than one. Using a
741 in this way is a better way to get
true unity gain, with high input
resistance and very low output
resistance. It is equally possible to
achieve unity gain and inversion, but
with a lower input resistance, using the
circuit of Figure 14.

RI

Figure 13. The follower circuit, which
has unity gain with very high input
resistance and very low output
resistance.

There's Always A
Drawback . . .

The bias systems of the 741 works
perfectly, even if the supply voltage
changes, but only so long as it doesn't
exceed the maximum working voltage of
the chip, which is ± 18 V. The one fly in
the ointment is bandwidth.

The 741, you see, was never design-
ed as an audio amplifier chip. It was in-
tended for analogue computers, devices
which use very low -frequency signals,
so bandwidth was always a minor detail.
For a 741 operated at full gain, in fact,
the bandwidth is only about 10 Hz,
which is hardly hi-fi performance.

10k
1 --VV\/`

IN 10k

OUT

Figure 14. An inverter with unity gain.
The actual resistance values are not
too important, providing they are equal.

The use of negative feedback ob-
viously helps, but you always have to
remember that the bandwidth will be
poor if the 741 is used with a high value
of gain. At a gain of 100 times, the band-
width is approximately DC to 10 kHz;
this is reasonable, but not as large as a
single transistor stage with this much
gain, which could easily have a band-
width of several MHz.

The 741 is a very useful, general pur-
pose op amp but, for special circuits or
when high quality is needed, it must be
replaced by one of the many ICs which
have come after it.

Next month, we'll look at the 'ants' of
the electronics world - the vast range of
digital ICs. HE
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BACKNIUMBERS
February 1980
Passion Meter, Win Indicator,
Short Circuit Special, Kit Review
Special, Into Electronics
Construction Part 1.

May 1980
MiniClocks, 5080 Preamp, Model
Railway Track Cleaner, 5080
Loudspeakers, Loudspeaker
Crossover Design, Radio
Controlled Model Survey.

June 1980
Microbe Radio Control System,
Egg Timer, Two Watt Amplifier,
Fog Horn, Short Circuits, LEDs

A and LED Displays.

July 1980
Sound -Operated Flash Trigger,
18 + 18 Car Stereo Booster,
Hazard Flasher, Electronics in
Photography, Electronic
Espionage, Piezo Electricity.

August 1980
EquiTone Car Equaliser, Pass -
The -Loop Game, Gaztec Gas
Detector, OP -Amp Checker, In -
Car Entertainment Survey,
Introducing Microprocessors.

September 1980
MicroMixer, Reaction Tester,
Guitar Phaser, Development
Timer, Teletext Explained, Into
Digital Electronics Part 1.

October 1980
Kitchen Timer, Tug 'o' War
Game, Light Dimmer, Freezer
Alarm, Intruder Alarm,
Temperature -Controlled
Soldering Iron.

January 1981
Car Rev -Counter, Bench
Amplifier, Sound -Into -Light
Converter, Chuffer, Electronic
Games reviewed.

February 1981
Heartbeat Monitor, High -
Impedance Voltmeter, Medium
Wave Radio, Two -Tone Train
Horn, Audio Signal Generator.

March 1981
Public Address Amplifier,
Windscreen Wiper Controller,
Bicycle Speedometer,
Photographic Timer,
Microcassettes.

April 1981
Pre -Amplifier Part 1, Super
Siren, Guitar Tremolo, Russian
Roulette Game, Doorbell
Monitor, Anatomy of a Space
Shuttle.

May 1981
Electronic Organ, Voice -
Operated Switch, Infra -Red
Controller, Pre -Amplifier Part 2,
Audio Millivoltmeter.

June 1981
Power Amplifier Part 1,
Continuity Checker, Envelope
Generator, Early Radio, Gadgets,
Games and Kits Supplement.

July 1981
Burglar Alarm, Doorbuzzer,
Treble Booster, Electronic Aids
for the Disabled, Power
Amplifier Part 2.

August 1981
Electronic Ignition,
Thermometer, Electronic Organ
(final part), RPM Meter, Bench
Power Supply, Radio Control
Survey, Into Electronic
Components Part 1.

All of the 1980 issues, except January and April, are still available together
with the remaining issues from 1981.
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GREEN W ELD 
443F Mil' brook Road, Southampton, S O1 OH X 

All prices Include VAT at 15% - just add 50p post 

LIE DETECTOR 
Not 8 toy this precision rristrirment was originally 
part of an "Open Unrversity  course used to 
measure a change in emotional balence. or nab. 
detector Full details of how to use it are grven. 
and a circuit diagram Supplied complete with 
probes. leads and conductive Jelly Needs 2 4 In 
batts Overall sue ISS • 100 • 10Ornin Only 
£7 95  t•ir rho,  

AMAZING! COMPUTER 
GAMES 

PCBs FOR PEANUTS!! 
,  puri rinse of PIA, lei, yeyetie  Anne, 
•nputer games including Battleships  Simon 
Starthrd enable  ti. iiffiii the, n• 'iv-n.(1080 

COMPUTER BATTLESHIPS 
i'idtmbly one ul the inn. populer ',tech.-0C 
i ', es on the market Unfortunately the design 
rr.dkes 0 impractical to test the PCB as a working 
model. although it may well function perfectly 
Instead we have tested the sound chip, and sell 
the board for its component value  SN76477 
*Mind IC, TMS1000 u processor, ban clips. As. 
C's etc. Size 160  14Ornm  Orgy f 1.50 

Instruction book and circuit 30p extra 

STARBIRD 
Groan realistic engine sounds and flashing laser 
blasts -- accelerating engine noise when module 
pointed up, decelerating nowe when pointed 

down Press contact to see flash and hear blast of 
lutes  shooting  PCB  tested  end  working 
complete with speaker and hart clip Ineeds PP31 
PCB size 130 a 60mm  Only £2.116 

MICROVISION CARTRIDGES 
I lie, are a small PCB with a micro processor 
• ir designed to plug in to the rnicroyiSiOn 
'file  Only snag is, we don't have coy 

However. they can be used as an 
',dor with 4 different frog outputs simply by 
r rrrting a battery and speaker  Tested and 
• rid ras an oscl with pin out data PCB size 

72 •  60rign 
ONLY 25o email! 

'SIMON' 
' i• ribiect of this game is to repeat correctly a 
• nit and longer sequence of signals in 3 

games  (Instructions included) PCB 
.iitains chips, lampholders and lamps, and is 

tasted working, complete wtth speaker Needs 
PP3 and  • HP11 PCB sue 130 • 130mm Only 
£alf5 

LOGIC 5 PANEL 
Tested LogK 5 now sold Old - but we have some 
PCB's with 10 LED's and chip on, bet no keyboard 
Not tested 50p 

OPTO/REGS/OP-AMPS 
FNA5220 2 digit t1  7 seg display on PCB, 
CC With data. £1.50 
7-seg displays  END360 367 501. all 50p; 
530. 847. 850, 811E1.50. 
Reps, 103 case 7924 120p, 713135 100p, 7808 
100p, 7912 100p, 78CB 2301. Others on B/L 13 
Op Amps uA4136 130p; uA776 145p, uA777 
300p; uA318 245p 
Isolators FCD831.11.15. TIL 118. all 60p 
111,311 Hexadecimal display with decoder. 0-9 
and A F With data. £3.50. 

COMPONENT PACKS 
K503 150 wirewound resistors from 1W to 
12W, with a good range of values  (1.7S 
K505 20 assorted potentiometers, all types 
including single ganged, rotary and slider 

EI.70 
6511 200 small value poly. mica, ceramic caps 
from a few pF to 020F Excellent variety £1.20 
6314 100 silver mica caps from SpF to a few 
thcusand pF Tolerances from 1% to 10%  0 

6520 Switch Pack, 20 different. rocker, slide, 
rotary, toggle, push micro. etc Only £2. 
K521 Hattehrink Pack. 5 different sizes each 
200mm, 50p 

PANELS 
Z521 Panel with 16236 12534421 on small 
heatsink. 252223 dual transistor. 2 BC108. 
diodes, caps, resistors etc  50p 
2412 Potted Oscillator Module works from 
700, can be used as LED flasher IIV min 1 

Supplied with connection data, suitable R. C & 
LED  Et 
2527 Reed relay panel  contains 2 5 6V 
reeds. 6 x 75030 or 25230. 6 x 400V tints • As 

sop 
2529 Pack of ex computer panels containing 
74 series ICs Lots of different gates and com 
hex logic All ICs ate marked with type no or 
(ode for which an identification sheet is 
supplied 20 ICs Cl; 100 ICs C, 
A5434 Black case 50 x 50 a 78rnm with octal 
base PCB inside has 24V reed relay 200V 7A 
SCR, 4 a 5A 200V rects. etc  60p 

RELAYITRIAC PANEL 
2537 PCB 100a 75min containing a wealth of 
components 
2 . 12v DPCO mm  relays. 2 • 47uf 16v tent,. 
SC146E 10A 500v thac. C112d IA 400v SCR, 555 

10. 154001 diodes, 255061. 2 • 3rnm lads 
3 . 253704, also R's and C's 
Amazing value.  - if bought separately parts 
would cost around EV  Price for the panel lust 
E2.00 

1W AMP PANELS 
A011 Compai  ,rj  'in  tor ,coff:1 ' 
player on panel 95 65rorn including vol 
control and switch, complete with knobs 
Apart from amp circuitry built around 
LM3805 or TBA820M. there is a speed control 
circurt using S transistors  9V operation, 
connection data siddi,ed  ONLY EI.50. 

TOROIDAL TRANSFORMER 
I lOrnm die a 40rnm deep 110/240V pro sec 
16V 4A. 63V 1A. 2400 0 3A Ideal for scopes 
monitors, VDUs etc. Reduced to DI M  • 

1,111 RESISTORS, £2.51 
We've lust  purchased another 5 milli , 
preformed resistors and can make a similar 
Hier to that made two years ago, at the same 
pricell I K523  1.000 mixed Ist and 17W 5., 
carbon film resistors, preformed for PCB 
mntg Enormous range of preferred values 
IWO for £2.50; 5.000E10; 20k £35 

208 ELECTROLTTICS, £4 
K524 Large variety of values/voltages, mostly 
cropped leads for PCB rnntg 1 t000uF  in 
63V  All new full spec  components, no. 
chuck outs. 200 (4; 1.000£17 50. 

FILAMENT DISPLAYS 
2553 7 sap display 12 5rnm high Ideal for III 
operation, taking 5V BrnA pa seg. Std 14 on 
package Only £1 each, 4 lor B M. Data supplied 

RELAY 
24 ac cod. but works wee on 60 DC. 2 0 10A v.0 
contacts Ex equip, only  (60p 

REGULATED PSU PANEL 
Exclusive Greenwald design. fully 
280 & 2OrnA-2A Board contains all cornpu 
nents except pots and transformer  Only 
£7.75. Suitable transformer and pots Et Send 
SAE for fuller details 

ELECTRO-DU1L 
Electrical combination lock  for maximum 
security  pick proof 1 million combinations. 
Dial is turned to the night to one number, left to a 
second number  then right again to a third 
number Only when this has been completed in 
the correct sequence will the electrical contacts 
close these can be used to operate a relay or 
solenoid Overall die 65 t 5Ornm deep Only £II.95 
Al',, •naiiiinie without combination Only (395 

DEVELOPMENT PACKS 
These paces of brand new rep duality comp," 
Melte are designed to give the constructor a 
complete range so the right value is to hand 
whenever required They also give a substan 
tial saving over buying individual pads 
K091. WV ceramic plate capacitors. 5% 10 of 
each value 22pf to 1.0000f. total 210 £4.110 
04.2 Extended range 22pF to 0 1 Values over  
1000PF we of • greeter tolerance 10 of each 
value 22 27 33 39 47 56 85 82 100 120 150 180 
220 270 330 390 470 560 580 820 1000 1500 
2200 3300 470061930 01 015 022 033 047 1 
Cl, £7.01. 

10103 C21110 Or similar Polyester c•pacitors. 10 
tee th of the following  01  015. 027. 033. 
047, 068. 1, IS, 22. 33 and 47uF PRICE 
414. 

KI104 Myer. capacitors Small size, vertical 
mounting 100V  10 each of the following 
001. 0012. 0015, 0015  0022. 0027  co n 
.0039. 0047. 0066. 0066. 00(12. 01 Total 130 
capecrtors POSCI VI 70. 
0007 Electrolytic capacitors 75V working 
small physical sire bawl or radial leads 10 
tech of the following  1. 2.2, 4 7. 10, 22, 47, 
103 0 Total 70 capacitor, MICE: 13.59 
KI M Extended range, as above, also includ, 
mg 220 470 and 1000g, all at 25V Total 01100 
capacitors PRICE: £1.315 
K021 CR25 resistors or similar miniature .A1 
Walt  film 5%. at used in nearly all 
projects 10 of each value from 10 ohms to 
1M. El? series Total 610 resistors PRICE, 
15.1111. 
6041 Zen*, diodes 400mW 5% 10 of each of 
all the values froze 207 to 36V Total 280 zen 
ners PRICE- (16.95. 
6051 LEDs  peck of 60. Comprising 10 each 
red. green and yellow 3,11In and Smrn to 
gether with clips PRICE El 95 

CAPACITOR BARGAINS 
2200uF 100k  35erini it,  75p, 
10/15.50 
220uf 100 aa.ai 5p, 100 (2.30. 1000 £111 
400 • 100uF 7750 107 x 44rnrn dia 75p. 10 
(5 50 
200uF 3500, 100 • 100 • 50uF 300V can 75 • 
44rnm dia 40p; 10r 0; 100/L20. 
100uF 25V swat town. 

LOTS OF NEW ILP 
ENCAPSULATED 
PRE-AMPS-

COMPATIBLE WITH 
ALL IP MODULES 

Suddenly. •  :ct of two ILP encapsulated 

:ire .;:nps There are eigni - everything from the 

simple mono pre -amp 11-016), through mixing mono 

pre- amps HY12 and HY69), to a dual stereo pro' 

amp (HY71) Plus a new guitar pre-amp th10731 

Each gives the very best reproduction from 

your equipment that your money can buy and all are 

protected against short circuit and wrong polarity 

All IL P modules are compatible with 

each other - combine them to create almost any audio 

system Every item carries a 5 year no quibble guarantee and 

includes full connection data 

So send your order today - the Freepost coupon needs no stamp 

PRE-AMPS 

mode 
No 

Module What 4 does Current 
required 

Price 
inc VAT 

Price 
ex VS 

HO 6 Mono pre amp Provides inputs for mic/rnag Cartridge'tuner/ 
tape/auxiliary with volume/ bass/treble 
controls 

10 rnA £7 41 26 4.1 

HY 9 Stereo pre amp two channels mag cartridge mic + volume 
cOntrol 

10 rnA f 771 26 7, 

- - -
HY 12 Mono pre amp Mixes Iwo signals into one with bass/mid 

range , treble controls 
10 mA £7 71 26 7:, 

HY 66 Stereo pre amp Two channels with inputs for micimag 

cartridge/tape/tuner/auxiliary with volume, 
bass/treble/balance 

20 mA £14 02 61 .,' 

H069 

- - 

MOno pre amp 

- - 

Two input ChannelS rnag cadridge MK With 

mming and volurneitreble/bass controls 
20 mA 

. 

C12 02 

_ 

£10 4 

HY 71 Dual stereo 
pre amp 

Provides IOW channels for 'nag cartridge:in.( 
with volume control 

20 rnA 212 36 C10 7' 

HY 73 

- - - 

Guitar 
pre amp 

- 

Provides for two guitars lbass + teach and mic 

with separate volume, bass/PeDle and mtxing 
- 

20 mA £14 09 £12 7', 

HO 75 Stereo 

pre amp 
Iwo channels each mixing two signals into one 
with bassimid-ranger treble controlS 

20 mA £12 36 £10 7', 

Total purchase price 

enclose Cheque 

For easy mounting we recommend B 6 mounlind 

-ounting boarn • 

a' 99 ex VAT 
ill1) on edge coniidatra: 

TO + 30V Maximum neeanl 
voltages Modules H Y6 to Fl} 1 ,  , • 

HY6f IS H/ ,' ',ensure 56x 20 • : 

How to order Freepost 
Use this cOuPon. or a separate sheet of paper, In 

these products or any products from other ILP 

adverttsements No stamp is needed it ye,. 

Freepost Cheques and postal orders must be  , 

payable to ILP Electronics Ltd cash must be registered 
C 0 D -- add £1 to total order value Access and 

Barclaycard welcome All UK orders sent post free within 

7 days of receipt of order 

Postal Orders 

diease debit my Access/Barclaycard No 

'.arne 

Address 

,,gnature 

Post to it Pt lectrontis LIV f ,eeposi 7 laara: 
Canterbury Cl? 7E P kern EnglcIn0 
Telephone 4.1227 ‘,1771,1 Sr nn,o,n  '' 

int MoneyOrder 

ELECTR O NICS LTD ) "   

HE 4 4 

STAYAHEAD.STAY WITH US 
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1 Book   
2 Books  
3 Books  
4 Books  
Over four 

DON'T SHORT CIRCUIT 
YOUR PROJECTS 

With our books you can be sure of 
getting them right! 

BEGINNERS GUIDE TO BUILDING ELECTRONIC PROJECTS  R.A. PENFOLD 
An essential first book for newcomers to this fascinating hobby covering component 

identification, tools, soldering and construction techniques with some easy and 

useful projects to get you into the swing of things   £1.50 
ELECTRONIC PROJECTS FOR BEGINNERS  F.G. RAYER 
Another MUST for beginners Many, many, easily made projects for the newcomer, 

both amusing and useful, some don't even need soldering   £1.35 

DIGITAL IIC PROJECTS  F.G. RAVER 
A highly recommended book for both the beginner and more advanced enthusiast 
alike. Packed full of easy and advanced projects based on handy digital integrated 

circuits   £1.95 

IC 556 PROJECTS  E.A. PARR 
This exceedingly popular book lets you enjoy two hobbies in one Crammed full of 

projects for the I/C 555 Timer it includes circuits for your car, Model Railway, Home 

and Family Entertainment. Also includes a special section on 556, 558 and 559 i.c.'s 
  £1.95 

POPULAR ELECTRONIC CIRCUITS. BOOK I  R.A. PENFOLD 
V2 CIRCUITS INCLUDING Audio, Radio, Test Gear, Musical effects, Household 

gadgets etc. This book is intended for those readers who can build projects from 

just a circuit diagram.   £1.95 
HO W TO MAKE WALKIE-TALKIES  F.G. RAVER 
Britain's No 1 selling book on walkie.talkies. Includes chapters on transmission, 

reception, aerials and C.B   £1.50 

RE MOTE CONTROL PROJECTS  OWENS BISHOP 
Remote con3o1 does not stop with Radio control! Infra-red, Ultrasonic and visible 

light remote control systems have come into their own over the last decade and now 
you too can use these fascinating techniques in a wide variety of applications . £1.95 

ELECTRONIC MUSIC PROJECTS  R.A. PENFOLD 
Fuzz Box, Waa Waa pedal, Sustain unit, Reberb Et Phaser units. Tremelo 

generators and many more. Build these projects and enhance your music with this 

excellent book  £1.75 
MODEL RAIL WAY PROJECTS  R.A. PENFOLD 
Be the envy of your Model Railway Club. With this book your layout can be brought 
to life easily and simply. Constant voltage and pulsed controllers, Points Controllers. 

Automatic signalling. Electronic steam whistle. Steam sound unit, Diesel horn unit 
are all here. If you are a railway modeller, can you afford to be without one?   £.915 

AN INTRODUCTION TO BASIC PROGRAM MING TECHNIQUES  S DALY 
A recommended first book for the home computer buff. Basic language explained in 
easily understandable terms together with lots of information on programming. 
  £1.95 

A MICROPROCESSER PRIMER  E.A PARR 
A must for those interested in microprocessers, subjects covered include computer 

architecture, instruction formats, instruction sets, sub routines, assemblers and 
much, much more .  £1.75 

Postage Et Packing on Books 
40p 
55p 
60p 
75p 
[1.00 

WE ALSO STOCK FIBRE OPTICS 
Fibroflex Light Guide. 
Fine flexible glass optical strands bound in a plastic sheath. 
Light guide Dia. 1mm. Overall Dia. 2mm  80p per metre 
Crofon 
A .020" Dia. single strand Crofon Fibre light guide, unsheathed. 
Can be bent at right angles if required  70p per metre 

Both the above available in lengths up to 25 metres. 

Crofon Spray 
Comprising 110 x .020" single strands ferruled and polished 
one end. Gives 110 light points from one single light source. 
  £3.75 each 

Plastic Ferrules 
For use with Fibroflex to give neat, precise, terminations. 
 10p each 

Postage & Packing on Fibre optics 45p 

r#AO r.XN 
DIJUSON LTD 

D'JUSON LTD 
PO BOX 298, 
ASCOT, 

BERKS. SL5 9UR 

PCB HOLDERS 
• PCB's may be rotated through 360 degrees and 
locked at any angle 

• Simple adjustment for different board sizes 
• Foam pad available enabling a number of 
components to be inserted prior to soldering 

CNC 6 
PCB Capacity: 10" x 7" 

PCB's held by spring clips 
which also allow the holder to 
be used as a small soldering jig. 

PRICE: [13.80 INC. VAT 

CNC 9 
PCB Capacity: 8"  8" 

PCB's held by adjustable Vee 
Clamps which eliminate the risk 
of damage to the face sides of 
the PCB and allow a high 
degree of accessibility. 

PRICE: £15.95 INC. VAT 

FOAM PAD 
Size: 8" X 8" Clips onto Holder.  PRICE: £5 50 INC. VAT 

AVAILABLE DIRECT FROM THE MANUFACTURER. PLEASE 
ADD 11.50 TO COVER POST AND PACKING. 

CARLTON NICHOL Et CO. LTD., 
GOLDKEY INDUSTRIAL ESTATE, KELVEDON, ESSEX 

7 HUGHENDEN ROAD, HASTINGS, SUSSEX TN34 3TG 
Telephone: HASTINGS104241 436004 

mlnn 

11UraL 
LTD 

ELECTRONIC KITS 

KS490 NICAD BATT CHARGER 
107045100150mA 15VDC MAX 

2405 AC FL (16 ire VAT 

400' 
KS370 2 TONE SIREN, OUTPUT IOW 
Kr 4 OHM. 5W at 8 OHM, 1000BM 

Lb 14 Inc VAT 

KS445 COURTESY LIGHT TIMER FOR CARS 
IC115V 0.C. 17 79 Inc VAT 

KS262 10 CHAR CHASE LIGHT 
300W PER CHAN, 240V A.C. E18.72 ix VAT 

t 
KS470 SOUND OPERATED SWITCH 

9I2VDC 11127ncVAT 

IES143 LE.0 VU OISPLAV. 
INPUT I 100W, 5120 0.C. £9 15 ix VAT 

XS200 MINI F M TRANSMITTER 
88106 MHZ 900 C 

(NOT LICENCEABLE IN UK) f 7 39 xx VAT 

UK993 CROSS HATCH GENERATOR 
R F OUTPUT. UHF INTERNAL 
95 D.C. SUPPLY £22.94 inc VAT 

Pow  Picking 50p pw KS km, 75p per UK kit Serd 20p SAE. for =Moque of as  vnA 
tarsi, rave al k Et aba ft Trade. Education! 6 boon opine welcomed. 

z  
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Feature • 

SCALING the 
Hi-Fl HEIGHTS Part 4 

Home from the wars, standing in the centre of the living room, 
surrounded by large brown boxes and an air of confusion. 
Thus begins the final act of the 'Quest for Music'. 

YOU'VE SURVIVED the demos and the 
deadly salesman's coffee to return home 
with the hi-fi of your choice. Only one 
thing now stands between you and suc-
cess, the Rite of Installation. Usually 
rushed, rarely planned, and often botch-
ed, this final hurdle can bring to nought 
many of the gains made earlier, in the 
buying process. 
So put the scissors to one side for a 

while and let us look at each stage in a 
logical order, then follow it closely to 
guarantee the best from those expensive 
boxes. Read right through and don't do 
anything until you've got to the end, lest 
smoking ruin befall you. 

Now I've got it — where do I put it?: 
Earlier on, you decided the size of 
your proposed loudspeakers on the 
basis of fitting them into your living 
room — this is the moment of truth! 
Has it worked? Take a look at Figure 1 
for some ideas on the siting of seating 
and speakers. If you can't accom-
modate one of the schemes shown 
therein, then take your courage (and 
couch) in both hands and re-arrange 
the room! Having spent the time and 
money to achieve sonic happiness, 
don't spoil it now for the sake of a few 
marks on the carpet. Whilst perusing 
the speaker plans, look around for a 
possible site for the record deck. 
Unless the floor is concrete, the deck 

has to go on a separate, wall-
mounted shelf. Sorry, but there it is. 
No coffee table, wall divider and/or 
cupboard will compensate for a set of 
floorboards determined to lead your 
new stylus a merry dance across the 
vinyl. If you're clever you can hide the 
shelf brackets behind a wall unit or 
equipment rack, so that the shelf ap-
pears part of the structure. Just make 
it so/id. After you've positioned the 
deck and/or loudspeakers — prefer-
ably not directly facing each other, 
the rest of the system will probably 
site itself. Go for longer speaker 
leads, rather than extended runs of 
screened cable from deck to amp. 

Now it's there — what do I do with it?: 
Before setting-up the deck, or switch-
ing anything on, consider how to link 
the units together. The record-deck 
to amp connection can be accom-
modated with high-quality screened 
leads and phono plugs. If you've ac-
quired an SME arm, then use their ex-
cellent connectors. An integrated 
deck might have phono sockets on 
the rear somewhere. If it does, then 
invest in a couple of these expensive 
gold-ended leads; they will repay the 
cost, over the years. A lot of 
nonsense has been spouted about 
speaker leads in recent times — a little 
sense has come through, too, thank 
goodness, and the basic requirement 

for the link seems, at last, un-
disputed. Simple as it may sound, all 
that the cable has to do is to join the 
amplifier to the speaker without offer-
ing any resistance (or impedance) of 
its own to confuse the issue. In this 
way the amplifier is able to preserve 
its control over the cones in the 
speaker, as the damping factor (see 
Part 1, January '82) is not reduced. 
Use at least thirteen-amp wire, 
regardless of the power of the amp. 
Your local electrical retailer will sup-
ply the stuff by the yard. If the amp is 
more than 50 W a channel, then use 
two lengths per speaker, twisting the 
ends together, at both ends, to form 
one huge wire for each terminal! This 
will work out cheaper than the 
specialised 'Super-wires' and provide 
a performance comparable to any of 
them (if you do buy one of these, get 
"Monster Cable", as it is indisputably 
the best of the bunch). 

I switched it on and nothing happened: 
Hang on a minute — it wouldn't, 
would it? No mains connections yet. 
Let that be a lesson to you. Patience 
— music comes to him who waits. 
First we go down to earth literally, 
while we discuss the avoidance of the 
dreaded 'hum-loop'. This occurs 
when there is more than one way for a 
current to get to earth from the amp or 
record deck. The symptom is a horn-
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• Scaling The Hi-Fl Heights 

CURTAINS OR BOOKSHELVES 

CLEAR ROOM 
CORNERS BY 
AT LEAST 4FT. 

LOUDSPEAKERS 
AT LEAST 12" 
OFF THE FLOOR 

UNLESS DESIGNATED 
AS "FLOOR STANDING" 

CLEAR PATH TO \ 
SPEAKER  \ 

A
T 
LE
A
S
T 
3d
/
2 

CLEAR BACK 
WALL BY AT 
LEAST I FT. 

DO NOT POSITION 
SPEAKERS ON A 
WINDOW WALL 

WINDOW 

RECORD DECK NOT 
IN DIRECT LINE 
OF SPEAKERS 

METALWORK EARTH TO AMP EARTH 

SIGNAL LEAD 

MAINS EARTHED 

0 

0 00 0 0 0  0  00 

AMPLIFIER 

IF HUM DISAPPEARS WHEN DECK SIGNAL IS DISCONNECTED 

RECORD DECK 

METALWORK EARTH 
DISCONNECTED 

BREAK OFF ANY 
EARTH TAG ATTACHED 
TO CARTRIDGE PINS 

SAME TERMINAL TO EACH 
AMP TERMINAL 

SIGNAL LEADS 
EARTHED TO RECORD 
DECK INTERNALLY 

LOUDSPEAKERS 

LEFT SPEAKER 

REAR OF AMPLIFIER 

SPEAKER TERMINALS 

RED I  BLACK RIGHT  RED 0  I  BLACK 
LEFT   

Figure 1. Some pointers of position; 
keep your listening 'throne' at least 1 1/2 
times as far away as the speakers are 
apart. Don't put the speakers in corners 
but be prepared to angle them inwards 
if the sound is at all 'booming'. Record 
decks should be out of the direct line of 
the speakers, on a wall-mounted shelf. 
Putting the speakers on a window wall 
will greatly impair the stereo image and 
lead to a dramatic change in sound 
quality when you pull the curtains at 
night. 

Figure 2. Earthing arrangements. These 
are the most basic and most successful 
set-ups, but don't be afraid to 
experiment to get the best results from 
your particular system. Make sure only 
one wire goes to mains earth. Some 
cartridges (eg. Shure) have a small 
metal tag wrapped around one pin on 
the back of the body. If you get hum in 
one channel only. CAREFULLY bend 
this away from the pin. 

Figure 3. Looks simple doesn't it? 
Loudspeaker phasing is just a matter of 
connecting the + ye on the speakers to 
the same terminal on both channels. 
Use coloured or 'ribbed' cable and 
make sure you get it right. If you don't? 
Very poor bass and no stereo image. 
Just two small pools of sound around 
the enclosures. 
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Scaling The Hi-Fl Heights MI 

ble, music-destroying,  50 Hz (or 
100 Hz, if the transformer is injecting 
noise into the circuits) buzz that both 
saps power from the amp and 
endangers speakers. Connect the 
amplifier, only, to the mains earth. 
There will also be an earth or ground 
terminal on the back of the amp and a 
wire from the turntable should be 
attached here to earth the deck. 
Some turntables will connect the 
deck earth to the outer of the phono 
plugs and thus there will be no exter-
nal connection. The golden rule is, 
"so long as it doesn't hum — don't 
worry about it!" If you intend to ex-
pand the system later, it will prove a 
good idea to get one of those blocks 
of multiple mains sockets now, rather 
than later. QED make a nice one, but 
it's expensive, as are the nice special 
plugs to fit it — it's up to you whether 
you feel like splashing out. Bear in 
mind, though, that a mass of wires all 
snaking off to one mains socket is 
neither safe nor condusive to expan-
sion. It's better to "do it right" at the 
start. One more thing before pushing 
the button — make sure that the 
speakers are wired the same way 
round, ie with the black and red of 
each enclosure to the corresponding 
terminal on the amp (use red to + ye). 
This will ensure the 'phasing' is cor-
rect so that the cones move together, 
rather than against each other. Incor-
rect speaker wiring would destroy the 
stereo image as well as the bass 
response. 

Is This a Set-up? If you have to set-up the 
record deck yourself — do try to get 
the dealer to do it, if possible — then 
now is the hour! An integrated player 
is simple. Just set the distance bet-
ween the rear of the headshell and the 
stylus to the manufacturer's figure. 
This is usually 49 mm, but check 
anyway. Use an alignment protractor 
to set the cartridge parallel to the 
headshell sides; again, individual 
decks vary so much that you'll have 
to consult the instructions. If you've 
assembled a record player from 
separate turntable, arm and cartridge 
then have the dealer set it up. Without 
wishing to be unkind, this is the only 
sensible course for a first system. The 
necessary  adjustments  are 
unbelievably precise and involve the 
use of test records to some degree. If 
you get it wrong, not only will you 
remove large amounts of plastic from 
the LP, like as not you'll re-arrange the 
anatomy of your beloved cartridge, 
too. And, before you say it — yes, I 
am trying to frighten you offllt would 
take a four-page article to explain 
how to do the job properly and, if de-
mand proves sufficient, you may well 
see the feature in HE. Until then, let 
the shop earn its money (you know it 
makes sense!). 

What a Turn-on . . . This is it. You've 
plugged the deck into 'phono', earth-
ed it properly, set the loudspeakers up 
in the correct place in the room, fitted 
all the mains plugs and finally checked 
everything again. If you haven't, go 
back two spaces and do it. Do not 
pass "go" and do not push any mains 

UNIT 

CARTRIDGES 
Grado FCE + 1 
Shure M97 HE 
Goldring G920 IGC 
Dynavector 10x11 
Coral MC88E 
Shure V15 IV/MV3OHE 
Dynavector Ruby 
Ortofon FF15 
Stanton 881S 
Audio Tech AT-31E 

TURNTABLES 
Thorens TD160S 
Oracle 
Kitdeck 
Logic DM101 

ARMS 
SME Series 111/111S 
Linn 1TTOK 
Audio Tech AT1100 
ADC LMF1 
Mission 774 
Syrinx PU2 

INTEGRATED DECKS 
Dual CS505 
Thorens TD 160C 
Trio LO7D 
Technics SL10 
Pioneer PL300 

AMPLIFIERS 
Crimson 310/520 
Trio KA 1000 
Monogram 106/109 
Crimson CK1010/1100 
Quad 44/405 
Pioneer A9 
NAD 3020 
Seoum SA 41 30 
Sansui A9 
Lentek 

LOUDSPEAKERS 
Wharfedale Laser 80 
KEF 10511 
Gale 401 
KEF 103.2 
Celestion 200 
Tangent TM3 
Wharfedale TSR 108 
Monitor Audio MA 9 
Mourdant-Short Carnivals 
Harbeth HL1 

PO WER 
50 W 
100 W 
150 W 
120 W 
100 W 
100 W 
35 W 
35 W 
75 W 
70 W 

APPROX. SYSTEM 
PRICE  CODE 

£12 
£37 
£25 
£47 
£20 

£ 70/f 90 
£100 
£11 
£60 
£55 

£150 
£700 
£100 
£250 

£110/£75 
£250 
£100 
£65 
£150 
£170 

A 

A 

E,X 
A 

A,B,C,D,E,F 
E, X 

A,B,C,F 
B,C,D,E,F 

ALL 
ALL (except El 

D,F 
A 

E,F,D 
E,F,D 

£70  A 
£150  B,C,D 
£1100  X 
£300 
£90  A 

£200  A,B,C 
£500  C,D,E,F,S 
£440  D,E,F,X,S 
£250  B,C,D,F 
£450  A,B,C,D 
£450  A,B,C,D 
£90  A,B 
£70  A,B 
£130  A,B,C,D 
£700  E,F,X 

£90  A,B 
£900  E,F,X,S 
£500  E,F,X,S 
£250  C,D,E 
£185  A,B,C 
£120  A,B,C,S 
£240  C,D,F 
£110  A,B,C,D 
£115  A,B,C,D 
£330  D,E,F,S 

buttons. Now switch on and advance 
the volume control to 12 o'clock. All 
you should be able to hear from your 
listening position is a faint hiss. If 
there is any obtrusive humming 
sound, then check your earthing ar-
rangement against Figure 2. If all is 
well, put a record on, sit back and 
forget all the hassles. 

Now That It's Working . . . What do I 
Upgrade First? If you're asking this 
question then you're hooked on hi-fi 
already and nothing short of a £3000 
system will eventually satisfy your 
evil desires. You have my sympathy. 
Table 1 shows a list of recommended 

units and systems which will assist in 
choosing a first system and in selec-
ting upgrade-units. It is not complete 
and  will  conflict  with  other 
magazine's favourite equipment. 
After all, everyone is entitled to their 
own opinions — and these are ours. 
Everything mentioned herein is a 
model that we have tested and found 
to represent both good value for 
money and excellent engineering. 
The list should be used as a "shop-
ping guide" — not as a Bible. If you 
don't like the sound of any of it, don't 
buy it! 

HE 
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Here is a small selection of the 
books available from HE's 
book service. New titles will 
appear each month 
ELEMENTS OF ELECTRONICS 
by F A Wilson 
This series of books covers the 
basics of electronics, in an easy to 
understand manner. The topics are 
written so that important concepts 
can be grasped by the beginner and 
yet they can also provide an in-depth 
reference source for the practising 
engineer. 

Book 1: THE SIMPLE ELECTRONIC CIR-
CUIT AND COMPONENTS . . . . £2.25 
This book contains all the fundamental 
theory necessary to lead to a full 
understanding of the simple electronic 
circuit and its main components. 
Book 2: ALTERNATING CURRENT 
THEORY  £2.25 
Sinewaves, complex waveforms, time 
constants, reactance, resonance and 
other important aspects of AC are 
covered. 
Book  3:  SEMICONDUCTOR 
TECHNOLOGY  £2.25 
From simple atomic structure models 
through to complex integrated circuits 
and the elements of computers. 
Book  4:  MICROPROCESSING 
SYSTEMS AND CIRCUITS . . . . £2.95 
Starting with simple computer models, 
this book takes the reader up to com-
plete microprocessing systems and 
theoretical circuits. 
Book 5: COMMUNICATIONS . . £2.95 
All aspects of communication systems 
such as channel bandwidth, transmis-
sion systems and signal processing, are 
discussed in this final book of the series. 

A MICROPROCESSOR PRIMER 
by E A Parr   £1.75 
Newcomers to electronics and com-
puting tend to be overwhelmed 
when first confronted with literature 
about microprocessors. This book 
helps to alleviate the problem by re-
counting the design of a simple com-
puter in an easy to understand man-
ner. 

PRACTICAL COMPUTER EX-
PERIMENTS 
by E A Parr   £1.75 
Readers of this book will find 
themselves involved in experiments 
which help to explain the inner work-
ings  of  computers  and 
microprocessors. All circuits and ex-
periments use discrete logic circuits 
to demonstrate such things as 'ad-
ders', 'stores', 'arithmetic and logic 
units' etc. 

HOW TO MAKE WALKIE-TALKIES 
by F G Rayer   £1.50 
Low power hand-held, or portable, 
radio transmitting/receiving equip-
ment need not be complicated — as 
this book shows. A book of great in-
terest, not only to the licensed 
operator, but also to those en-
thusiasts without transmitting 
licences who wish to participate as 

listeners with the described' 
receiving equipment. 

ELECTRONIC PROJECTS FOR 
BEGINNERS 
by F G Rayer   £1.35 
The newcomer to electronics will 
find this a very useful book. It con-
tains a wide range of easily made pro-
jects including component and wir-
ing layouts. A number of projects can 
be constructed without the use of a 
soldering iron. 

POPULAR ELECTRONIC PROJECTS 
by R A Penfold   £1.45 
A collection of circuits and projects 
to interest most electronics con-
structors, covering four popular main 
areas: radio; audio; household pro-
jects and test equipment. 

INTERNATIONAL TRANSISTOR 
EQUIVALENTS GUIDE 
by A Michaels   £2.95 
Transistors from over 100 interna-
tional manufacturers are tabulated in 
this book in an easy to understand, 
cross-referenced format, to enable 
the reader to quickly locate 
equivalent devices from an alter-
native source. This book is an ex-
tremely useful addition to the elec-
tronics enthusiast's library. 

To receive your books fill in the form below (or write the details on a sheet of paper) and send it, with your pay-
ment, to the address given. 
Please wait 28 days for delivery. The offer applies to the UK only. Prices may be subject to change without notice. 

To: HE Bookshelf,  513, LONDON ROAD, 

THORNTON HEATH. SURREY, ENGLAND. 

I enclose a cheque/postal order made payable to ASP Ltd, for the 
amount shown below 

OR 

I wish to pay by Barclaycard/Access Please charge to my 
account number 

VISA 

Signature   

Name   
(BLOCK CAPITALS) 

Address   
( BLOCK CAPITALS) 

4.1 

Books Required Price 

Add 75p p&p 

Total enclosed  £ 

0.75 
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TECHNICAL TRAINING 
IN ELECTRONICS AND 
TELECO M MUNICATIONS 
ICS can provide the technical knowledgr• that is so essential 
to your success.knowledge that will enable you to take advant-
age of the many opportunities open to the trained man You 
study in your own home, in your own time and at your own 
pace and if you are studying for an examination ICS guarantee 
coaching until you are successful 

City & Guilds Certificates 

Teleco m munications Technicians 
Radio Amateurs 
Electrical Installation Work 

Certificate Courses 

Colour TV Servicing 
Electronic Engineering and Maintenance 
Co mputer Engineering and Program ming 
Radio, TV, Audio Engineering and Servicing 
Electrical Engineering, Installation 
and Contracting 

POST OR PHONE TODAY FOR FREE BOOKLET 

To: International Correspondence 
Schools 

ICS 
Subject of Interest   

Dept 2631, Inirriesi House, London SKS 41. 
or telephone 622 9911 

Name   

IAddress   

  Tel   

4'1'0  01 4+ xfo)  
Lltesold's new 'L Series soldering iron — now at a bargain price 
Outstanding performance Lightweight. Easy to maintain 
Elements are enclosed in Stainless Steel shafts. 
insulated with mica and ceramic Non-seize 
interchangeable bits, choose from 
'copper' or 'long life' A very special 
tool at a very special 'direct' price 
Just £5 58 for iron fitted with 3.2mm 
copper bit. Just £2.40 for 3 spare 
copper bits (1,6: 2.4; 4.2) 
A mere £4 38 for 
professional spring 
stand! Or buy the 
lot for £11.12! 
and save 10%. LIGHT SOLDERING 
All prices inc VAT P.&P  DEVELOP MENTS LTD 
Please allow 14 days delivery 
Write today Send Cheque/P.O. to Litesold. 97 99 Gloucester Road, Croydon CRO 2DN 

or phone 01-889 0574 for Barclaycard, Access sales 

LIMITED OFFER! 
As an introduroun CRICKLE WOOD ELECTRONICS LTD  !Marshall's Old Shop', 40 Cricklewoorl 
Brf4Ti WilY  LrIr,IiIIr, NW? 3ET Tel Si 452 0161 Whdst stocks last and only d accompemed by thIs Ad 

DESOLDERING TOOL Now everyone can afford one of these superb, blue anodtsed aluminium high 
pressure hdrld desoldering tools at nearly half our normal price Normal Price 16 50 • VAT With this 
ad £3.85 • VAT Spare Teflon screw in noses 75p o VAT. 
JAPANESE TRANSISTORS Equivalents evadable for most types. Please call, phone or wee 

LOW COST VERSATILE MULTIMETER 

THE MIGHTY MINI MULTI TESTER 2,000 ohms per volt DC Et AC 
Voltage ranges  On, 50v, 250v, 1000v  DC current ranges 100mA 
Ressstance ohms • 10 . 100db from  10db to • 22db Moror arc 
scal,. overload protected, complete with battery, test leads Ea 
instructions Usual price (8,65 • VAT, with this Ad 14.96  VAT 

ORDER FORM 

Narne   

Address   

Desoktering toots at £3.95  C 
Spare Teflon noses at 750  f 
Mighty Mini Testers at f4 95 

Postage. packing and insurance at 60p per one device. 7Sp I or each addotronal device 

Sub total 
Add 15% VAT 

I enclose cheque no/P.0 no 
Alternatrvely please credit my VISA ACCESS No 
Stgnature 
This offer applies to UK only. Meese allow 7 10 days delivery Overseas custorners please do not add 
VAT but allow to cover postege TRADE ENQUIRIES WELCOME 

CRICKLEWOOD ELECTRONICS LTD. 
40 Cricklewood Broadway, London NW2 3ET. Tel 01 452 0161 

MIXERS,FADERS, 
VU METER DRIVERS 
AND MORE-

ALL NEW FIKIM ILP! 
Just some of the 28 new amazingly compact modules from ILP Electronics, Britain's 

leader in electronics modules — you'll find more new products in the amps and pre-amps 
advertisements 

All ILP modules are compatible with each other- you can combine them to create 
almost any auk) system Together they form the most exciting and versatile modular assembly 
system for constructors of all ages and experience 

Every item from ILP carries a 5 year no quibble guarantee and includes full 
connection data So send your order on the Freepost coupon below today' 
MIXERS 

Model 
No Mod ule What it d oes Current 

required 
Price 
inc VAT 

Price 
ex VAT 

HO 7 Mono Thee! Mixes eight signals into one 10 mA £5 92 £5 15 

HO 8 Stereo mixer Two channels each mixing five signals into one 10 rnA £7 19 £6 25 

HO Ti Mono mfirer Mores five signals into one - with base 'treble 
controls 

10 mA £8 11 £7 50 

NY 68 Stereo mixer two channels each mixing ten signals into one 20 mA £9 14 £7 95 

HO 74 Stereo mixer Two channels each mixing five signals into one 
- with treble and bass controls 

20 mA £13 17 £11 45 

AND OTHER EXCITING NEW MODULES 

Model 
No Module What it d oes Cur rem 

required 

puce 

Inc VAT 

price 

ex VAT 

HO 13 Mono VU meter Programmable gain/LED overload driver 10 mA £6 84 £5 95 

HO 671 Stereo head' 
phone driver 

Will drive stereo headphones in the 4 ohm- 
2K ohm range 

80 mA £14 20 ft2 35 

HO 72 Voice operated 
stereo fader 

Provides depth/delay effects 20 rnA £15 07 £t3 10 

HO 73 Guitar 
pre-amp 

Handles two guitars (bass and lead) and mic 
with separate volume/bass/treble and mot 

20 rnA £14 09 £12 25 

HO 76 Stereo switch 
matrix 

Provides two channelS. each switching one of 
tour signals Into one 

20 mA to be announced 

HO 77 Stereo VU 
meter driver 

Programmable gain/LED overload Privet 20 WA £10 64 1 £9 25 

For easy mounting we recommend 
B 6 mounting board for modules HY6 -HYt3 f0 90 inc VAT (0 78 ex VAT 
866 mounting board for modules HY66-H077 f 1 12 inc VAT (0 99ex VAT I 
'All modules are encapsulated and include clip-on edge connectors All operate from -±15V 

minimum to ±30V maximum needing dropper resistors tor higher voltages HY67 can be used only with the 
PSU 30 power supply unit Modules HY6 to HY13 measure 45 x 20 x 40mm 1066 to 11077 measure 
90 x 20 x 40rnm 

FP 480 BRIDGING UNIT FOR DOUBLING POWER 
Designed specially by ILP for use with any two power amplifiers of the same type to 

double the power output obtained and will function with any ILP power supply In totally sealed 
CaSe. size 45 x 50 X 20mm with edge connector It thus becomes possible to obfa in 480 watts 
rms (single channel) into  Cont ributory distort ion less than 0 005% Price, E5. 51 Inc VAT 
(Ex VAT E4 791 
How to order Freepost: 

Use this coupon or a separate sheet of paper, to order these products. or any 
products from other IL P Electronics advertisements No stamp is needed if you address to 
Freepost Cheques and postal orders must be crossed and payable to ILP Elec tronics Ltd cash 
must be registered C 0 D — add El to total order value Access and Barclaycard welcome 
All UK orders sent post free within 7 days of receipt of order 

111111 

Please Send me the following 

I  ILP modules 
Total purchase price  _______ ___ 

I 

I  i enclose Cheque 
Please debit my Access/ Barclaycard PN°oS tal Orders 0  lot Money Order E 1 

I 
I  Name 

I Address 

Signature 

Post to ILP Electronics Ltd Freepost 2 Graham Bell House Roper CI, 
Canterbury CT? 7ED Kent England 
refeprione 10227154778 Technical 10227164723 Telex 965781 

HE 5. 4 

ELECTRONICS LTD ., 

STAYAHEAD.STAY WITH US 
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• Project 

Bike Alarm 
BICYCLE theft is a sad fact of life, but 
to save you the expense and 
inconvenience of losing your machine, 
we have designed a super alarm that 
safeguards your 'wheels'. In fact this 
alarm, unlike many others, really will 
protect the wheels, and other valuable 
parts from theft, as well as the 
complete bicycle! 
The secret is in the sensing method 

— the alarm is triggered by movement 
of the bicycle. This operates one or 
other of the mercury tilt switches 
mounted on the printed circuit board 
inside the alarm. Two mercury 
switches are used to detect tilt in either 
direction. 
Your bicycle can be left in any 

position (even upside down!) because 
the alarm detects movement of the 
bicycle — not its position. Very slight 
movement or vibration will not 
accidentally sound the alarm. The 
circuit is switched on all the time the 
bicycle is protected, so the use of low 
current consumption devices is 
essential. 
The alarm is switched, on and off by 

the use of a coded jack plug. When the 
jack plug is inserted, the alarm is off 
and the bicycle can be moved freely. If 
the bicycle is moved when the jack 
plug is out, however, the loud buzzer 
will sound for approx 20 seconds. The 
circuit then resets, so if the bicycle is 
moved again the alarm is re-activated 
and the complete cycle is repeated. 
Limiting the buzzer to 20 seconds is 
important because, if the alarm is 
triggered accidentally, or by the bicycle 
falling over, it avoids annoyance and 
saves the battery. 

Only your personal 
key can de-activate 
this movement-
sensitive alarm. 

HE 
BIKE 
ALAR M 

• 

The Circuit 
The twin 'hearts' of the Bike Alarm are 
a pair of mercury tilt switches, SW1 
and SW2. Inside each is a pair of 
contact pins and a blob of mercury 
which is free to move within the glass 
bulb. Being a metal, mercury is a 
conductor, so that when the blob is 
surrounding the contact pins, they are 
shorted together — the switch is 
closed (Figure 11. 
Each time either of the switches 

closes, a negative pulse is generated by 
a pulse-forming network, R7, R8, C1 
(SW11or R9, R10, C2 (SW2). Pulses 
from either switch are coupled, via D1 
or D2, to the trigger pin (pin 2) of the 
555 CMOS timer, IC3. When it is 
triggered, the timer output (pin 3) goes 
positive and turns on Q2, via R15, 
which drives the alarm buzzer SP1. The 
alarm will continue to sound for a 
period set by R14 and C3 (20 seconds 
for the component values specified), 
after which IC3 resets — pin 3 goes 
low — and the 'orrible noise ceases. 

However, any further movement of the 
bike will once more disturb the mercury 
and set off the alarm. 
Because the circuit detects 

movement, the bike can be left in 
almost any position — it will function 
equally well when the bike is lying 
down, standing in a rack or propped 
against a wall. 
Now we come to the cunning bit; 

the alarm is activated or cancelled by 
removing or inserting an individually-
coded 'key' plug, PL1. Inside the key is 
a resistor, R1, which must match R2 in 
the circuit in order to cancel the alarm. 

Li SKI 

Figure 1 The Bike Alarm circuit. 

NOTES 
IC1,2  ARE ICL7611 
IC3  IS  ICM7555 
D1-4 ARE 1N4148 
05,6  ARE 1N4001 
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Project • 
Thus only the plug made-up to match 
your chosen value for R2 will de-
activate the alarm. Any value of 
resistance between the limits of 47k 
and 470k may be used, but they must 
be equal to within ± 5%. A shorted or 
open circuit plug cannot be used. 
The value of R1 is compared with 

that of R2 in a bridge circuit formed by 
R1, R2, R3, R4 and R5 (Figure 2). If R1 
and R2 are equal, the voltage at point 
'A' is V/2. If R3 and R5 are equal and 
R4 is small, the voltage at point 'B' will 
be slightly above V/2 and the voltage 
at 'C' slightly below V/2; the values 
chosen give VB and V, a range of 5% 
above and below V/2. 
The next section of the circuit, (Cl 

and IC2, form a 'Window Comparator' 
which produces an output only when 
the input (from the junction of R1, R2) 
falls between VB and V. If the input is 
outside this range, one of the IC 
outputs will be held high, turning 01 
off and activating the alarm buzzer. 
When the bridge is balanced, by the 

insertion of the correct resistive 'key', 
both IC inputs are taken low so that 01 
is turned on. 
When 01 is turned on, two things 

happen: Pin 2 of IC3 goes positive via 
D3 to prevent triggering the alarm, and 
timing capacitor C3 is quickly charged 
via R13 and D4. Thus when the key is 
inserted, the alarm is prevented from 

Parts List 
RESISTORS 
R1,2  See Text 
R3,5,14 W O 
R4,6  220k 
R7,9,11, 
13  100k 
R8,10  470k 
R12,15  2k2 

CAPACITORS 
C1,2,4  10n, C280 
C3  22u 35 V sub-miniature 

low-leakage radial 
electrolytic 

C5  100u 10 V radial 
electrolytic 

SEMICONDUCTORS 
D1,2,3,4 1N4148 
05,6  1N4001 
Q1  BC212 PNP transistor 
02  BFY51 NPN transistor 
IC1,2  1N4001 
IC3  7555 CMOS Timer (8-pin 

OIL) 

MISCELLANEOUS 
SP1  6 - 9 V mechanical buzzer, 

250 mA max. current 
PL1,SK1 3.5 mm jack plug and 

socket 
SW1,2  mercury tilt switches 
3 x 8-pin OIL IC sockets, PP3 battery 
clip, double-sided tape, case, solder 
etc. 

OPEN CIRCUIT  CLOSED CIRCUIT 

Figure 2. How mercury switches 
operate. 

Figure 3. The secrete of the key-code. 

BATTERY + 

SLEEVING 

PCB 

06 

3ATTERY 

BATTERIES ARE 
SIX IN A PACK 
WITH PP3 CLIP 

triggering and, if the alarm has been 
sounded, shuts it off in about two 
seconds. 
ICs 1, 2 and 3 are all very low 

power types, drawing less than 
200 uA except when the alarm is 
sounding, so that a long battery life can 
be expected. In fact, six AA cells (HP7) 
should last for up to a year, depending 
on how often the alarm is triggered. 

Construction 
+V  This should be straightforward — 

virtually everything is on the printed 
circuit board. With the help of the PCB 
overlay diagram, Figure 2, insert the 
resistors and solder them into place. 
Next insert and solder the capacitors, 
being careful to get the electrolytic 
types the correct way round. 
Multicoloured polyester capacitors fit 
either way round. 
Now the semiconductors; the diodes 

must have their cathode (broad band) 
at the correct end. The transistors must 
also be oriented correctly, as in the 
overlay. The IC sockets can be soldered 
in next — leave the ICs themselves 
until later. Now solder the wire link, the 
battery clip, diode D6 and the wire to 
the buzzer; the second connection to 

OV  the buzzer is made via its mounting 
screw. 
Finally, the mercury tilt switches are 

put in; these must be mounted with the 

MOUNTING SCREW 

Figure 4. The component overlay. Take care to mount the mercury switches as 
described in the text. 
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• Bike Alarm 

contacts inside the switch in a 
horizontal position, otherwise they will 
not operate correctly. Bend the pins at 
right angles to the switch and solder 
them in position. Stick the glass body 
of the switch to the PCB using a small 
piece of double-sided tape and be 
careful not to break the glass — the 
switches are quite strong but, if there 
is an accident, remember that 
MERCURY IS POISONOUS and should 
not be handled. 
Now the case; drill a hole for the 

jack socket and a set of holes near the 
buzzer so that it can be well-and-truly 
heard. The position of these holes 
depends on where, on the bike, the 
alarm is to be mounted — drill the holes 
so that the rain won't beat straight into 
the works! — so decide how the case is 
to be mounted, at this stage. 
With personal needs and bicycles 

varying so much, we have left the 
method of mounting up to the 
constructor. However, the case must 
not be mounted on its side, as this 
would place one or the other of the 
mercury switches in a vertical position 
and the Alarm would not work. 
The jack socket should now be fixed 

to the case and wired to the 
appropriate points on the PCB. Then 
the ICs should be inserted in their 
sockets; be careful to get them the 
right way round — and in the correct 
sockets — so check carefully against 
the layout diagram. 

Next, make up the jack-plug 'key"; 
this is simply a matter of soldering the 
resistor between the two terminals 
inside the plug, but make sure the 
cover will fit! 

Testing 
With the PCB flat on a table, insert the 
plug 'key' and connect the battery 
clips; wait for about four seconds — all 
should be quiet. Now remove the plug 
and tilt the board — makes quite a 
noise, doesn't it! The buzzer will stop 
after approximately 20 seconds, and 
should not sound again unless the case 
is tilted. To test the 'key', tilt the 
board, then insert the key plug; the 
alarm should stop in just a few 
seconds. 
With the 'key' in position, the alarm 

is inactivated, even when the board is 
tilted. 
Assuming all is well, the PCB and 

the battery holder can be fixed inside 
the case using double-sided tape. 
Screw on the lid and the Alarm is ready 
to be mounted on your bicycle. Then, 
as long as you are within hearing range 
of the buzzer land it is LOUD), your 
bike is well protected from any would-
be thief! 

I Figure 5. Note the position of the 
mercury switches. 

HE 

IT" LIVES AGAIN,1 
From the past it came, growing daily, striking terror into the hearts of lesser publications, and spreading its influence across 
the country in its quest to infiltrate every town, every home, every mind.. 

Not a horror story, but a success story. And if electronics theory strikes terror into you, then you need the help ( d Elec-
tronics — It's Easy Originally a long-running series in Electronics Today Internationd!, Electronics — It's Easy was printed 
as a set of three books. They sold out. It was reprinted as a single volume. It sold out. Now this phenorninally successful 
publication is available again, in its third reprint. Electronics — It's Easy is a comprehensive and simply-written guide which 
explains the theory land the practice) of electronics step by step. Every aspect of the subject is covered, starting with the 
basic principles and working through to the how and why of today's technology. 
You can obtain your copy of Electronics — It's Easy by mail order using the coupon below. Make cheques or postal orders 

payable to ASP Ltd; alternatively you may pay by Access or Barclaycard. 

r-Send to: Sales Office (Specials), 

Argus Specialist Publications Ltd, 

145 Charing Cross Road, London WC2H OEE. 

Please send me  copies of Electronics - 

It's Easy. I have enclosed £   (£4.95 each 

including pep). 

1 

NAME   

ADDRESS   

Please debit my account 
My Access/ Barclaycard No is   

Signature   
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WHAT'S ON NEXT? 

Audio Frequency Signal Generator 
It's so simple it's almost laughable — but it provides an output of up to 1 volt RMS at any 
frequency from 20 Hz to 30 kHz, in three decade ranges. A most useful addition to any 

workshop. 

Digital Thermometer 
Based on display circuitry similar to that used in our Digital Capacitance Meter, last month 
this attractively finished project will find many uses around the house — or it would make 

perfect gift. 

HE Reverb 
Part of our Project Music series, this flexible device is mainly intended to add depth to flat 
recordings or to put a bit of life in vocal performances — but the creative musician will find 

many other uses for it, as well. 

The Electronic Revolution 

The first part of a new series, tracing the history and development of electricity and 
electronics, from the beginning. Once upon a time in a country far away . . . . 

Sines of the Times 
We all know what sine waves are, don't we? If you think you know it all, this feature 

will give you a surprise — or two. 

Scaling the Hi-Fi Heights 
The final part of our popular series for first-time hi-fi buyers looks at adding a tuner 

or cassette deck to your brand new sound system. 

May issue on sale 9th April. 

PLACE YOUR ORDER NOW! 
Simply fill out and cut the coupon, then hand it to your 
newsagent. Your personal copy of the May issue of HE 

will be reserved for you. 

Please reserve  copies of the May issue of 

Hobby Electronics 
for 
Name   

Address   

Although these articles are being prepared for the next issue, circumstances may alter the final content. 

Hobby Electronics, April 1982 



PROJECT: MUSIC 

CREATIVE 

RECORDING 
IT IS not entirely out of the question, 
these days, for a group of friends to set 
up a small semi-professional recording 
studio. The cost is about the same as 
that of equipping a five-piece band with 
instruments, amplification and PA equip-
ment. It's not cheap, but neither is it 
ridiculously expensive. 
However, even this relatively modest 

investment is impossible for many peo-
ple — so what options are there, then, 
for those who would like to experiment 
with recording, but cannot afford even 
the cheapest semi-professional gear? 
Fortunately, lots, because it is not ab-
solutely necessary to have top quality 
equipment to produce usefu/ recordings. 
The fact is that a recording need only be 
of sufficient quality for the use intended. 
For example, a recording of a band in 

rehearsal, made for the purpose of 
perfecting an arrangement, must allow 

every instrument to be heard clearly, but 
doesn't need to be 'studio quality'. 
Similarly, the sound track for an Audio,' 
Visual presentation (a tape/slide show, 
say, about a local industry), or a sound 
effects track for an amateur theatrical 
production, need only match the quality 
of the equipment on which it is to be 
played. 
Recording a 'demo' tape of a band is a 

very common application, but these 
tapes are made only to persuade a record 
company representative that a band 
deserves all the facilities of a top-class 
studio and that, once this minor 
technical detail has been attended to, a 
string of Top Ten albums and singles will 
result. The record-company man will not 
be expecting a studio quality demo 
tape, because a top studio, together 
with the services of a recognised pro-
ducer, will always produce a better, and 

therefore more commercially accep-
table, result. 

Creative Recording 
Of course, there are good recordings — 
and not so good ones, and the object of 
any 'session' should always be to pro-
duce the best possible result with the 
funds and equipment available. It's 
simply not good enough, for example, to 
just place a microphone in front of a 
band, plug it in to a cassette recorder and 
hope it will come out alright. It won't, 
because this very basic technique will 
always produce very basic recordings, 
no matter how good or expensive the 
equipment. Recording is essentially a 
creative activity; it's not so much the 
equipment that determines the result as 
the way it is used and the important 
thing, always, is to use whatever tools 
are available in the most creative way. 

Figure 1 (below). Standard recording formats; (a) half-track stereo; (b) half-track 

mono; (c) quarter-track stereo; (d) four-track recording. 
Figure 2 (right). The layout of a three-head open-reel tape deck. The heads could 

be any of those shown in Figure 1. 
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Figure 3 (top). Because of the physical 
separation between the record and play 
heads of a quarter-track recorder, it is 
not possible to record while 
simultaneously monitoring a pr-recorded 
track. 
Figure 4 (right) The Record/Reproduce 
heads of a four-track recorded can be 
independantly switched to either record 
or reproduce, so that a new recording 
and the pre-recorded tracks are 
synchronised. The playback head is used 
only for quality reproduction when 
transferring to a stereo master tape. 
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Accepting that £100,000 worth of 
complicated equipment is not really 
necessary to produce useful recordings, 
what gear is necessary? Not very much, 
really. 
It's possible to get by with just one 

open-reel tape recorder, if you don't 
mind working in mono, rather than 
stereo. With care, it is possible to make 
surprisingly good recordings. 
Better still, two tape recorders or 

cassette recorders (even the portable 
types are adequate) will, with the same 
amount of care and attention to detail, 
produce even better results. Higher up 
the price scale, one of the new four-track 
cassette recorders are much easier to 
use and will give really excellent recor-
dings — again, provided sufficient care is 
taken. 
A tape recorder is the 'heart' of a 

recording set-up, but a certain amount of 
other gear is also necessary. One or two 
microphones will certainly be required, 
as well as a small mixer for blending two 
or more signals. You'll want to listen to 

the results of your efforts so some kind 
of playback system — an amplifier and 
speakers — will come in handy. A good 
hi-fi amplifier is quite suitable and, if it 
has tape monitor facilities, so much the 
better; one with preamp/main amp con-
nections is even more useful. Then, 
there are the signal processing units, 
devices such as compressors and 
limiters, noise gates and noise reduction 
units, that can be used to improve the 
quality of a recording. Finally, there are 
the various effects — echo, reverb, 
phasing and so on. 
If this list of equipment seems too ex-

pensive and formidable, stop and recon-
sider for a moment; it's not impossible. If 
you already have a tape recorder or 
cassette recorder, you need only borrow 
another — or find a like-minded friend 
with one! Microphones must be bought, 
of course, but it's not difficult to get 
quite good mics at reasonable cost, and 
these can always be upgraded when 
funds permit. A mixer? No problem — 
just keep reading Hobby Electronics! As 

for signal processors and effects units, 
these have been presented as HE pro-
jects since our first issue and more will 
appear in the months to come. Next 
month, for example, we have a simple 
but efficient reverb unit project, together 
with a full length feature article explain-
ing just what reverb is, and how this elec-
tronic effect can be used to enhance a 
performance or recording. 

Are You Creative? 
So, given the absolute basics of the set-
up — one or two tape or cassette 
recorders and a couple of microphones 
— the rest is easy! But once you've got 
everything together, how do you use it? 
What can you do with it? 
The answer to the last question is 

really down to you, because it depends 
on your imagination, on your creativity. 
Remember, all you need is an open reel 
recorder with "Sound-on-Sound" or 
(preferably) a pair of tape or cassette 
recorders, and an ordinary hi-fi system. 
Think about it! 

HE 
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HE PCB SERVICE 
- 

• 
• 

/ Rear/  • wy 

PCB saule  
IF r Readers! , 
• 

PRINTED CIRCUIT BOARDS (PCBs) for HE projects have often represented an 
obstacle for our readers. Some of you, no doubt, make your own but our PCB Sery 
saves you the trouble. 
NOW you can buy your PCBs direct from HE. All (non-copyright) PCBs will be available 
automatically from the HE PCB Service. Each board is produced from the same master as 
that used for the published design and so each will be a true copy, finished to a high stan-
dard. 
Apart from the PCBs for this month's projects, we are making available some of the 
popular designs from earlier issues. See below for details. Please note that only boards for 
projects listed below are available: if it isn't listed we can't supply it. 

May 80 
5080 Pre-amplifier 

June 80 
Fog Horn 
Egg Timer 

July 80 
18 W + 18 W Car Stereo 
Booster (two required for 
stereo) each 

August 80 
Equitone Car Equaliser 
Pass The Loop Game 

September 80 
Auto Probe 
Guitar Phaser 
Development Timer 
Bench PSU 

October 80 
Nobell Doorbell 
Intruder Alarm 
Tug 0' War 

November 80 
Memory Bank Synth: 

Mainboard PCB 
Keyboard PCB 

Party Grenade (set of three) 
Double Dice 

£3.50 

£1.40 
£1.58 

£1.20 

£1.79 
£1.98 

£1.25 
£1.48 
£1.35 
£2.20 

£1.98 
£1 .88 
£1.99 

£2.48 
£2.70 
£2.60 
£2.20 

December 80 
Stereo Power Meter 
Digital Speedo (set of two) 

January 81 
Car Rev Counter 

February 81 
Heartbeat Monitor 
Audio Signal Generator 

March 81 
Steam Loco Whistle 

April 81 
Super Siren 
Russian Roulette Game 

May 81 
Voice Operated Switch 
Organ 1 

June 81 
Envelope Generator 
Organ 2 

July 81 
Organ 3 
Organ 4 
Ultrasound Burglar Alarm 

£2.12 
£3.50 

£2.24 

£1.90 

£1.99 

£1.48 
£1.20 

£1.25 
£3.48 

£1.40 
£1.90 

£4.50 
£4.50 
£1.90 

August 81 
RPM Meter 
Thermometer 

September 81 
Power Pack 
Reaction Tester Game 
'Diana' Metal Detector 

October 81 
Combination Lock 

ice - 

£1.33 
£1.25 

1.27 
1.28 
2.48 

November 81 
Sound Torch (Set of Two)  £ 

December 81 
Pedalboard Organ 

1.99 

January 82 
Intelligent NiCad Charger  E 

February 82 
Relay Driver 
Mast-Head Amp 

March 82 
Digital Dice 

April 82 
Digital Capacitance Meter 
Dual Engine Driver 
Bike Alarm 

3.98 

£1 
£0 

£1 

.48 

28 

65 
.98 

46 

£3. 
£2. 
£1. 

PLACE an order for your PCBs using the form below (or a piece of plain paper if you prefer not to 
cut the magazine), then simply wait for your PCBs to drop through your letterbox, protected by 
a Jiffy bag. 

55 
53 
98 

HE PCB Service, Argus Specialist Publications Ltd, 145 Charing Cross Road, London WC2H OEE 

I enclose a cheque/postal order made payable to ASP Ltd, 
for the amount shown below 

OR 

I wish to pay by Barclaycard  Please charge to my 
account number BARCLAYCARD 

OR 

I wish to pay by Access • Please charge to my account 
number 

VISA 

SIGNATURE   

NAME   
BLOCK CAPITALS) 

ADDRESS   
(BLOCK CAPITALS) 

Please allow 14 days for delivery 

Boards Required Price 

Add 40p p & p 

Total Enclosed 

0.40 

- -
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EXPO DRILLS 
KITS  TOOLS  ACCESSORIES 

TITAN DRILL AND STAND 
Engineering in miniature, the most powerful British, 12 Volt 

D.C. drill made, producing 10,000 R.P. M., 1740 C. M.P. comes 

complete with tommy bar, alien key, steel chuck + 4 collars, 

size zero, 1/16, 3/32, 1/8. Specially designed for drilling P.C. 

Board, mild steel, and many other uses in electronics, other 

crafts and hobbies. 

Also available 

specially designed 

Dura Life P.C.B. 

Drills, very hard and 

durable, but not 

brittle like Tungsten 

Price £1.10 

EXPO 
1 41111 i . 1 0* 

Titan Drill, complete 

4 collars, Cat No 0175 

£10.28 

Dual purpose Stand 

Cat No 0209 

£12.00 

Hundreds of tools 

and kits to choose 

from 

Transformer Rectifier 

also available 

Available from your local stockists 
EXPO Prices are approximately 40% cheaper than all other makes 
Distributors, Wholesale. Retail and Export enquiries welcome 

Many other Expo drills, tools, kits available 
Send for your copy of latest catalogue 

and price list today 

EXPO (DRILLS) LTD Unit 10, Sustanum Works 

Titchtield, Hants Tel Titchf mid (03294) 41752 

LOW COST COMPUTER COMPONENTS 
Price 

2114-L2 1.24 
2708  1.95 
2716  2 
2732 
4116-2 
4116-3 
4118-4 
6502 
6520 
6522 
6551 
6802 
6809 
6810 

• 
4.25 
1.10 
0.96 
3.80 
4.45 
3.85 
4.30 
6.90 
4.95 
9.95 
1.30 

6821 
6845 
6850 
8080 
8085 
8212 
8216  1.65 
8224  2.40 
8226  2.45 
8228  2.45 FDI771  17.12 
8251A 3.65 
8253  7.90 FDI791 
8255  3.70 WDI691 WI:1139X 
8257  7.95 WD2143  45.00 

Price  Price  Price 
L.  L  L 
1.45 8259  7.95 Crystals 
9.45 8279  9.45 32 768 kHz 1.95 

1.65 Z80A CPU  3.50  1 MHz  2.90 
3.45 Z80A PIO  3.07  I 8432 M  2.15 
5.45 280A CTC  3.07  2 MHz  2.35 
1.65 Z80A DMA  7.31  3 57954 M 1.45 

Z80A SIO  13.90 4 M  1.95 
280A DART 7.15 

Prices are exclusive of VAT Please add VAT at 15% and 45p P & P 

ELECTRONIC HOBBIES LTD 
17 Roxwell Road. Chelmsford. Essex CM I 2LY 

Tel: (0245) 62149 

RADINI1ON DETEcunts 

• BE PREPARED VIEW THRU LENS 

• THIS DOSIMETER WILL AUTOMATICALLY 
DETECT GAMMA AND X-RAYS 

II UNIT IS SIZE OF FOUNTAIN PEN & CLIPS 
ONTO TOP POCKET 

• PRECISION INSTRUMENT 
• MANUFACTURERS CURRENT PRICE OF A 
SIMILAR MODEL OVER (25 EACH 

Tested and fullyqoai nnived Ex-stock delivery 

HEimys' 

FREE 

£6.95 
'At VAT Post & NO 60p 

CO MPLETE 
WITH DATA 

01 723 1008 9 

404 EDGWARE ROAD, LONDON W2 1 ED 

ILP POWER 
SUPPLIES-

MOST WITH ILP 
TOROIDAL 

TRANSFORMERS 
Space-saving 

efficient ILP power supplies 
are designed to give you 
flexibility in planning audio 
assemblies Nine of the 
eleven models have toroidal 
transformers manufactured on 
new cost-efficient high technology 
machines in our own factory So we keep the 
tauality up. and the price down 

ILP power supplies are compatible 
voth all other ILP modules - combine them to 
produce almost any audio system All carry the ILP 5 
year no quibble guarantee and include full connection data 

So send your order on the Freepost coupon below today' 

POWER SUPPLY UNITS 

Maki No 

-PSU 30 

For use with 

±15V combrnations of HY6/66 series to a maximum of 100 rnAcecne 
HY67 

Price  Price 
Inc VAT ex VAT 

(5 18 £4 50 

The todowing wilt also Orme the HY6/66 series except HY67 which 
requires me PSU 30 

PSU 36  1 or 2 HY 30 

PSU 50  1 or 2 HY 60 

PSU 60  1 x HY 120/KY 120P/HD 120/HD 120P 

PSU 65  1 x MOS 120/1 x MOS 120P 

PSU 70  10r 2 HY 120/KY 120P/HD 120/HD 120P 

PSU 75  1 or 2MOS 120/MOS 120P 

PSU 90 

PSU 95 

PSU 180 

PS U 185 

1 x HY 200/KY 200P/HD 200/HD 200A 

1 x MOS 200/MOS 200P , 

2 x KY 200/KY 200P/HD 200/HD ?OOP or 
x HY aoon x KY 400P/HD 400/HD 400P 

tor 2 MOS 293/MOS 200P/1 x MOS 400 
1 x MOS 400P 

£932  fa Ill 

£12 58 CIO 94 

£15 00 £1304 

£15 32£13 32 

£18 31 £15 92 

£18 63 £16 20 

S:18 63 06 20 

£18 77 £16 32 

£24 54 £21 34 

£24 68£21 46 

All models incorporate ILP toroidal transformers except PSU 30 and PSU 31 
.stitch include our own laminated transformers 

How to order Freepost: 
Use this coupon or a separate sheet of paper, to order these modules, or any 

products from other ILP Electronics advertisements No stamp is needed if you address to 
Freepost Cheques and postal orders must be crossed and payable to ILP Electronics Ltd cash 
must be registered C.0 D -add Et to total order value Access and Barclaycard welcome 
All UK orders sent post free within 7 days of receipt of order 

IIW 

Please send me the following 
P modules 

'otal purchase price 

enclose Cheque 0  postai Orders  Int Money Order 

Please debit my Access/Barclaycard No 

Name 

AddreSS 

",(111.1ture 

Post to 11.11 Electronics L la reeposl  Graham Bee House Roper Close 
Canterbury CU 7EP Kent England 
Telephone 102271 54778 technical (0227164723 Telex 965780 

EL. IP 
ELECTRO NICS LTO ., 

HE 6/4 

STAYAHEAD.STAY WITH US 
Hobby Electronics, April 1982 
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PCB FOIL 
PATTERNS 

Top: PCB foil pattern for the HE Bike Alarm. 

Right: Dual Engine Driver PCB foil pattern. If 
only one Controller is required, simply cut the 

pattern in half at the centre key-lines. 

Left: The HE Digital Capacitance Meter PCB 

foil pattern. The many fine lines require considerable 
care when copying the pattern on to the PCB 

blank. Take care not to bridge the tracks when 
soldering in the components.  HE 

80 
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ADVERTISEMENT INDEX 
A.D. Electronics  60 Heath Electronics  4 
Aitken Bros  20 Henry's Radio  79 
Ambit International  2 ICS  71 
Amtron (UK) Ltd  66 ILP  51, 59, 65, 71 Et 79 
Bi-Pak Semiconductors .. 15 Litesold  71 
BK Electronics   10 
B.N.R.S.  20 
J. Bull (Electrical) Ltd  33 
Cambridge Learning  51 
Carlton Nichol Et Co. Ltd.   66 
Cricklewood Electronics   71 
D'Juson Ltd  66 
E.D.A. Sparkrite  84 
Electronic Hobbies Ltd ..   79 
Electronize Design  60 
Expo (Drills) Ltd  79 
Greenweld Electronics   65 

Magenta Electronics . • 4 Et 5 
Parndon Electronics  59 
P.A.T.H. Electronics  59 
Rapid Electronics  9 
Brian J. Reed  59 
Riscomp Ltd  31 
Sandwell Plant  60 
Silica Shop  83 
Technomatic  24 
Tempus  32 
TK Electronics  54 
Watford Electronics  29 

ET! RATES  HE RATES 
1-5 Insertions £10.00 per scc  1-3 Insertions £6.00 per scc 
6-11 Insertions £9.00 per scc  4-11 Insertions £5.50 per scc 
12+ Insertions £8.00 per scc  12 + Insertions £5.00 per scc 
35p per word (min 15 words)  21p per word (min 15 words) 
Box No. £2.50  Box No. £2.00 
Closing date lot Friday in month preceding  Closing date 2nd Friday in month preceding 
publication  publication 

Classified Advertisements must be prepaid 

Advertisements are eccepted subject to the terms and conditions pri med ,.:1 the advertise ment 

Nillar l di 1/4 1 rate card (available on request) 

M[ITU1DiT 

SEND TO:- ETI/HE CLASSIFIED, 145, CHARING CROSS ROAD, LONDON • VC2H OEE. TEL: 01-437 1002 Ext. 50. 

AERIAL  AMPLIFIERS  Improve  weak 
television reception. Price £6.70. S.A.E. for 
leaflets. Electronic Mailorder, Ramsbottom, 
Lancashire BLO 9AGH. 

GUITAR/PA 
MUSIC AMPLIFIERS 

IS wall superb Treble lTas, ,rY'fl'IVe 1, munths guaraniee Unbeatable at 
160 60 wan 14.4. P00 wan 168 100 watt toot channel asp treblei 
teas per channel f55 60 watt 162. MO watt 115 100 watt fourchimil sap. 
iteblebass per channel 175 NO wan f98, sines 100 wan £37: zro wan 
MO. 250 watt 110, 500 watt 1140 ha/ bores. gnat saotd. fll bass fuzz 
fl2.911, orardinn tun with treble and bass boosters, 125 100 watt combo, 
spin) sound. overdrive stunfy construction, castors. unbeatable, f106 
twin channel. I 116 bass combo £118 speakers 15in 100 watt 136. 12an IS 
wan 04 Swan 118 microphone shore unidvo 8024 

Send diequeT 0 ,u WILLIAMSON AMPLIFICATION 
62 Thoniclrffe Annum. Duionfield. ChesMra. Tel. 061 X6 20114 

CENTURION BURGLAR ALARM EQUIP-
MENT Send S.A.E. for Free list or a 
Cheque/PO for £5.95 for our Special Offer of 
a Full Sized Decoy Bell Cover, to: Centurion, 
Dept HE, 265 Wakefield Rd., Huddersfield, 
W.  Yorkshire.  Access  Et Barclaycard. 
Telephone orders on 0484-35527. 

PRINTED CIRCUITS. Make your own sim-
ply, cheaply and quickly! Golden Fotolac 
'light-sensitive lacquer — now greatly im-
proved and very much faster. Aerosol 
cans with full instructions, £2.25. De-
veloper 35p. Ferric Chloride 55o. CleaK 
acetate sheet for master 14p. Copper-clad 
fibreglass board, approx.  1mm thick 
£1.75 sq. ft. Post/packing 75p. White 
House Electronics, Castle Drive, Praa 
Sands. Penzance, Cornwall, 

NEW 1982 ACE COMPONENT CATA-
LOGUE Let your problems be our business. 
Be certain; have your components delivered 
quickly and efficiently and get that project 
working. Send 30p now for the easy to use 
1982 Catalogue to: Ace Mailtronix, Dept 
H.E.3A,  Commercial  Street,  Batley, 
W. Yorks WF17 5HJ. 

BURGLAR  ALARM  equipment.  Ring 
Bradford (0274) 308920 for our catalogue, or 
call at our large showrooms opposite Odsal 
Stadium. C. W.A.S. Ltd. 

PARAPHYSICS JOURNAL (Russian trans-
lations); Psychotronic Generators, Kirliano-
graphy, gravity lasers, telekinesis. Details: 
S.A.E. 4 x 9" Paralab, Downton, Wilts. 
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ZX81 KEYBOARD SOUNDER Made from 
easily obtainable components. Send £3 for 
P.C.B. instructions and transducer or S.A.E. 
for details to: R. Mitchell, 20 Gorse Close, 
Portslade, Sussex. 

AMAZING ELECTRONICS PLANS. Lasers; 
Super-powered Cutting Rifle, Pistol, Light 
Show. Ultrasonic Force Fields, Pocket De-
fence Weaponry, Giant Tesla, Satellite TV 
Pyrotechnics, 150 more projects. Cata-logue 
95p. — From Plancentre, 16 Mill Grove, 
Bilbrook, Codsall, Wolverhampton. 

DIGITAL DESIGN DECK PLANS for bread-
boarding prototype — experimental circuits. 
Educational aid. £3. From R. Caunt, 16 
Baggley  Crescent,  Mansfield,  Notts. 
NG19 7DS. 

CORDLESS TELEPHONES Build your own 
simple and inexpensive units. Send £3.00 for 
plans to: J. F. Ashley, Birley Grange Cottage 
Farm, Baslow Road, Cutthorpe, Derbyshire. 

PERSONAL introductions and social events. 
Meet interesting, attractive people. Local 
051-931 2844 (24 hours). 

1000 ASSTD 5% resistors, pre-formed for 
PCB mounting. £2.50. 50 asstd full-spec 
LED's, 3Et5mm, all colours £1.20. 500 asstd 
full-spec transistors, BC182 /212 /237 /308 etc 
£3.00. 100 asstd PC mntg electrolytics £3.00. 
One of each pack £11. All post free. SAE 
Wholesale list. PC Electronics, 2 Thornhill HE, 
Romsey Road, Whiteparish, Salisbury, Wilts. 

16K ZX81 SUPER INVADERS On cassette 
with graphic HANGMAN, SWAT, GOLF and 
BREAKTHROUGH. £3.50. J. Prince, 29 Brook 
Ave., Levenshulme, Manchester M19. 

DIPLOMA IN ELECTRONICS Full time 
courses  in Electronic  Engineering.  Also 
courses leading to CITY Et GUILDS exam-
inations. Courses commence in April, October 
and January. Tel: LONDON SCHOOL OF 
ELECTRONICS 263 5938. 

HIGH QUALITY COMPONENTS: Low 
profile sockets 24 pin 22p, 40 pin 30p. 
Resistors '/4W5% 100 mixed 90p. Cermet 
potentiometers 10 mixed £1.95. PEtP 40p. 
Large SAE for lists. T.  Milner, 203 
Goodman Park, Slough, Berkshire. 

RADI MION 
DEFECTORS 

0,1 
BE PREPARED 

VIEW THRU LENS 0 

• THIS DOSIMETER 
WILL AUTOMATICALLY DETECT 
GAMMA AND X RAYS 

• UNIT IS SIZE OF FOUNTAIN 
PEN & CLIPS ONTO TOP POCKET 

• PRECISION INSTRUMENT 
METAL CASED WEIGHT 20Z 

• MANUFACTURERS CURRENT 
PRICE OF A SIMILAR 
MODEL OVER £25 EACH 

British design & manufacture 
Tested & fully guaranteed 
Ex-stock delivery 

1615 um VAT 
Post & Pack 60p 

Ideal for the experimenter 

COMPLETE WITH DATA 

411 

111 

404 EDGWARE ROAD LONDON W2 lED 

LEARN ELECTRONICS at home. EXPERI-
MENT KIT covers AUDIO, RADIO, DIG-
ITAL, OPTO-ELECTRONICS, TIMERS. In-
struction book with full circuits for FORTY 
PROJECTS, component layouts, and theory 
section. SIXTY PARTS supplied, including 
transistors, LED's, earphone, loudspeaker, 
ferrite-rod, reed-switches etc. No soldering, 
components can be re-used many times. Uses 
two 3-volt batteries (not supplied). Send 
cheque/PO for £25 (includes UK PEtP and 
VAT) to VYTRON (HE-03), 5 Mariners Drive, 
Portishead, Bristol BS20 SET. 

BOOKS BOOKS BOOKS 

Practical Computer Experiments E.A Parr  £1.75 
Practical Introduction to Digital IC's D. W. Easterling 

  £1.25 
Beginners Guide to Digital Techniques G.T. Rubaroe 

 £0.95 
Second Book of CMOS Projects R.A. Penfold 

  £1.50 
52 Projects Using IC711 Rudi Et Uwe Redmer  £1.25 
I C 555 Projects E.A. Parr   £1.95 
Essential Theory For The Electronics Hobbyist 
G T Rubaroe  £1.2S 
Radio Control For Beginners F G. Raver   £1.75 

NE W SELECTION FOR THIS MONTH 
Practical Construction of Pre-Amps, Tone Controls, 
Filters and Attenuators A D M Smith   11.45 
Electronic Calculator Users Handbook M.H  

  £1.50 
Model Railway Projects R.A. Penfold   f 1.95 

ADD ONLY 35p P&P TO TOTAL ORDER 
ORDERS OVER £5.00 STILL POST FREE 

ALPHA BOOKS 
REG. OFFICE: 

18 CONNAUGHT CLOSE. 
HEMEL HEMPSTEAD, 
HERTS HP2 7AB 

IONISER KIT (MAINS OPERATED) 
This Negative Ion Generator gives you the power to saturate your home or office with millions of refreshing ions. Without 
fans or moving parts it puts out a pleasant breeze. A pure flow of ions pours out like water from a fountain, filling your 
room. The result? Your air feels fresh, pure. crisp and wonderfully refreshing. 
AU pans. PCB and full instructions  £12.50 
A suitable case including front panel, neon switch, etc   £10.60 

Price includes Post Et VAT  Barclaycard/Access welcome 

T. POWELL 
ADVANCE WORKS 

44 WALLACE ROAD, LONDON N.1 
TEL: 01-226 1189 

Hours. Mon-Fri 9-5 p.m  Sat 9-4.30 p.m 

ELECTRIFY YOUR SALES! CLASSIFIED ADVERTISEMENT 

1 2 3 

4 5 6 

7 8 9 

10 11 12 

13 14 15 

Please place my advert in: Electronics Today International 
(Delete as applicable/  Hobby Electronics 

Advertise nationally in Electronics Today International Hobby 
Electronics Simply print your advertisement in the coupon 
here Ilettl indicating which magazine you require 
Or telephone for more information 

Na me   

Address   

Tel No (Day)   

Send, together with your cheque to 
Jenny Naraine, ETI/HE, 
145 Charing Cross Rd., London W C2H OEE. 
Tel: 01-437 1002 Ext. 50. 
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SALE 
44"   ATARI 
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T . V. 
GAME 

THE GAME WITH 50 CARTRIDGES 

R R P (129 95 Om VAT) 

OUR PRICE 

£78.22 • VAT 
1 (99 95 inc VATi 

The Atar. is supplied with a free mains adapter  • 
caddies  p•rr ot ,ovatrcas and a combat rad , Yt.• 

and iss he most popular teievision game on the mai• • 
and ries a range of over 40 different cartridges 
add  tc, the stanuarn Mari range we aist, i• 

£16.95 inc. VAT 

fra 

21. 

ATARI CARTRIDGES 
20% OFF R.R.P 

Atari Soccer f29 95 

NOW £23.95 
Activision Dragster f1 8 95 

NOW £14.95 
Activision Boxing (18 95 

NOW £14.95 

ATARI OWNERS CLUB — Why not join our FREE Silica Atari Owners Club 
and receive our bi monthly newsletter with special offers and details of the 
latest new cartridge rel   Telephone us with your name and address and 
we will add your name to our computer mailing list 

T.V. GAME CARTRIDGES 
We specialise in the whole range of T V games and sell cartridges for the following ga mes 
ATARI • MATTEL • ACE IRONIC • PHILIPS * DATABASE • ROWTRON • INTERFON * TEL (NC 
Let us know if yOU own any of these ga mes and we will let you have details of the range of 

cartridges available 
Attention 114TERTON ft ACE IRONIC owners we have over 75 assorted used cartridges in •ttoc Sail 

velh  ,edr guarantee  SPECIAL OFFER (13 95 tmch 

We also have a nu mber of secondhand • ernes and cartridges 

a 

(.0• '*' 

f BM MI 
M all MN 
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ELECTRONIC CHESS 
•ga d  crystal  battery  Iless  NOW (5 OFF 
omputer  with  100 200  hrS  con i54 sr 

tiattery life and two levels of play  SALE PRICE 
Comes  with  separate  Chess 
board and pieces  £19.95 

GRADUATE CHESS 
/V O W de  verse ,  n y 

..Yteecsisr ohoard Ti,. ',led , M̀ ... £29.95 n,, chess set  'mew& 

INC VAT 

FIDELITY MINI-SENSORY CHESS COMPUTER 

ELECTRONIC 
GAMES 

MA 44'4 
,t‘s9 

• 

INTELLIVISION 
THE ULTI MATE T.V. GA ME 

R R P (229 95 (Inc VA T 

OUR PRICE 

£156.48 VAT 
1(179 95 inc VAT) 

6 NE W CARTRIDGES JUST RELEASED 
ASTROSMASH • SNAFU • BO WLING 

SPACE ARMADA • BOXING 
TRIPLE ACTION 

All 19 current cartridges • the six new 
ones above now retail at El 9 95 - Silica 
special offer price £17.95 Inc VAT 

The Mattel Intellivoymn is the most advalCed 1 V ga me in the world with a range of over 25 
different cartridges all at our special offer price of ft 795 This game uses a 16 bit 
microprocessor giving 16 colours and three-part harmony sound The picturequality is incredible 
With 30 effects and realistic ani mation An add on keyboard will be available in the Spr ing 1982 to 
convert the Mattel into a full home compl ter with 16K RAM which will be fully expandable and 
progra mmable in Microsoft Basic Other accessories will be added later in the year The nor mal 
price of the Intellivision • free soccer cartridge is [229 95 but our special offer price '5[179 95 
inc VAT saving you (50 00 

MATTEL O WNERS CLUB — Why lot loin our Mattel Owners Club and recive our 
regular newsletters containing details of all the latest cartridge releases Telephone us 
with your name and addresses and we will a& your name to our computer mailing list 

FREE 16 PAGE CARTRIDGE CATALOGUE - If you are interested in owning a 
Mattel we now have available a 16 page catalogue describing the latest six cartridges 
to be released as well as a new Mattel colow leaflet with brief descriptions of all 25 
cartridges Telephone us for further details 

r 4r4 4‘.' 
r  . 
+e' 

HAND- HELD GA MES 

EARTH INVADERS 
A,e S t reed ..1 .,ealyre ,,, lheno unknown to man They 

t.i. -led by traditionat methods  they moat be buried The battle is 
•  •ed le a male where squads of aliens chase home troops The only 

• el pm.,at,nq the,, PS b, dujgpng holes and Nov. ,' !Nell 

RR P f 26 95 NOW £18.95 inc VAT 

Planned  1982 for adva ,,,ed  he , ,  opendlgy greatest rhaSler games l ights iiil 
reverSr 

MINI-SENSORY CO MPUTER WITH  C INC 

STANDARD CHESS M ODULE  W AS t54.50 NO W £49 .9.., VAT 

Soloc• Shop are one of the country s leachng 'gavel's!! rn Chess Compute,, andnose Stock orange of more 
than 20 Chess Computers encludrng Challenger 7 10 voice Sensory Baird Sensory Voice Diplomat 

System 3 Morph', Greet Game ILIecMne Vooce Chernoton and the n•... Spires Mark I, 

COLOUR 
CARTRIDGE 
TV GAME 

Si.  L29.50  - 

BACKGAMMON 

411 #  COMPUTER 

50 0 £48.95 iii, VAT 

•••• ' 

PAC MAN 2 
of ,trateq,  i I . ii puf,.  Psi Man against 
the large lihotts the obtect of the game is lot Pat Man 'Patternas 
high a score as possible by capturing and destroying Ghosts Bugs 
sf1 Energizers without being himself destroyed ler the Ghosts eau 
Man 2 incorporates the most modern and complex status displays 
ever produces. and is now on retease tor the lust in the tre offering 
an ideal present 

R R P £34 95  NOW £24.95 inc VAT 

or 
.  I 

4-•  ISM 

SPACE INVADERS 
acadri 0 I, ••.„  ..etteis  m lu‘deg arts iv this-by 
derenders n..ssrle rocluets and a bye'', force cannon plus esciung electronic sound 
elf., , The AttAel, to  fo bomb the ground defenders as they are moving 

•• r. • tt  sets  avoiding such bombs  and deStroy the 
.  can Progressive degree or .11 'cud, Includes 

. •  i,te. 6 to adult 

RR P £24 95  NOW £16.95 ,I1C VAT 

_R — THE AFFORDABLE ANSWER 
The Post Office certified telephone answering machine 

Sorry darling I will be late home  LoveJohn 

The Call Jolter I brings the  f ordab.1, 

ans wer at the amazing pf 1,p of £69 I it 

f99 for !Ile Call Jotter 2 with built in 
re mote recall fa,ilitres1  These amazing 

telephone ans wering maLhines are P M, 

Of I 1.,,e certified  and guaranteed for riot-

year  They make a thoughtful gift f 

ho me I it business use 
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'lJitianedNOW 69OO inc VAT 

ADD-ON 
ADAPTOR 

W AS (199 inc VAT 

SALE PRICE £124 

RADOFIN 
TELETEXT 

FOR FREE BROCHURES -TEL: 01-301 1111 

SILICA SHOP LIMITED HE0482 
1 4 The W O.,  Hathede, Road  Sid, dp  Kent 0 41 4 4D5 

Telephone  Ill  3) 1 1 1 1 1 dr 0 1 3 0,3 1 1 1 1 
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E DA SPARKRITE LIMITED 82 Batt 
SELF 

ASSEMBLY 
KIT 

READY 
BUILT 
UNITS 

S X 1000 £12.95 £25.90 
SX 2000 £19.95 £39.90 
TX 2002 £29.95 £59.90 
AT. 80 £29.95 £59.90 
VOYAGER £59.95 E 1 1 9 . 9 0 
MAGIDICE £9.95 £19.90 
R ICES INC. VAT. POSTAGE & PACKING 
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ll -.4'r .  Step-by-step fully 
illustrated assembly 
'fitting instructions 

and are included together 
with circuit descriptions. 

Highest quality 
coMponents  are 
used throughout. 
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BRANDLEADING ELECTRONICS 

NO W AVAILABLE IN KIT FORM 

• 

SX1000 
Electronic Ignition 

• Inductive Discharge 
• Extended coil energy 
storage circuit 

• Contact breaker driven 
• Three position changeover switch 
• Over 65 components to assemble 
• Patented clip-to-coil fitting 
• Fits all 12v neg earth vehicles 
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SX2000 
Electronic Ignition 

• The brandleading system 
on the market today 

• Unique Reactive Dischar ge 
• Combined Inductive and 
Capacitive Discharge 

• Contact breaker driven 
• Three position changeover switch 
• Over 130 components to assemble 
• Patented clip-to-coil fitting 
• Fits all 12v neg earth vehicles 
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AT-80  • I I 
Electronic Car Security System 

1111 

• Arms doors boot bonnet and has security loop to protect 
fop; spot lamps radio tape CB equipment 

• Programmable personal code entry system 
• Armed and disarmed from outside vehicle using a special 
magnetic key fob against a windscreen sensor pad adhered to 
the inside of the screen • Fits all 12V neg earth vehicles 

• Over 250 components to assemble 

MAGIDICE 
Electronic Dice 

• Not an auto item but great fun 
for the family 

• Total random selection 
• Triggered by waving of hand 
over dice 

• Bleeps and flashes during a 4 secon , 
tumble sequence 

• Throw displayed for 10 seconds 
• Auto display of last throw 1 second in 5 
• Muting and Off switch on base 
• Hours of continuous use from PP7 battery 
• Over 100 components to assemble 
• S 4)plied in superb presentation gift box 
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TX2002 
Electronic Ignition 

• The ultimate system • Switchable 
/  contactless • Thr e position switch with 

Auxiliary ba L•k-up inductive circuit 
• Reactive Discharge Combined capacitive 

and inductive • Extended coil energy storage 
circuit • Magnetic contactless distributor trigger 
head • Distributor triggerhead adaptors included 

• Can also be triggered by existing contact breakers 
• Die cast waterproof case with clip-to-coil fitting • Fits 

.11,11c)rits, of 4 and 6 cylinder 12%; neg earth vehicles 
• Over 150 co  ,nents to assemble 

VOYAGER Car Drive Computer 
• A most sophisticate° accessory • utilises a single cnip mask 
programmed microprocessor incorporating a unique programme 
designed by EDA Sparkrite Ltd • Affords 12 functions centred 
on Fuel Speed Distance and Time • Visual and Audible alarms 
warning of Excess Speed. FrosttIce. Lights-left on • Facility to 
operate LOG and TRIP functions independently or synchronously 
• Large lOmm high 400ft-L fluorescent display with auto 
intensity • Unique speed and fuel transducers giving a 
programmed accuracy of  or - 1% • Large LOG & TRIP 
memories 2.000 miles 180 gallons 100 hours • Full Imperial 
,in ,IMetric calibrations • Over 300 components to assemble 
a • • 41 challenge for the electronics enthusiast , 
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' All E DA SPARK RITE products and designs are fully covered by one or more World Patents 
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Street. Walsall, West Midlands, W S1 3DE England. Tel (0922) 61479 

NA ME 

ADDRESS 

I ENCLOSE CHEQUE(S)/POSTAL ORDERS FOR 

KIT REF 
CHEQUE NO 
24 hr Answerphone 
PHONE YOUR ORDE R WITHACCE SS/ BARCLAYCARD 
SE N D ONLY SAE IF BROCHURE IS REQUIRED 
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CUT OUT THE COUPON NOW! 


