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LINEAR ics THE LOWEST PRICES FOR PRIME CMOS/TTL/74C IN THE UK TRANSISTORS 
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CRYSTALS  CRYSTALS  RADIO CONTROL 
.768Xlit  2.70 
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4000 013 4063 1.15  4566  1.59  77444_0  0.56 74125  0.40  74190 0.55  7405 3.14  7496  1.20 74190 060 74C CMOS 4000 seri., 4060  0.95  

4001 0.13 4066 0.38  4568  2.18  7451  0.14 74128  0.65 74192 0.55  7409 0.14 
50  0.14 74126  0.40  74191 0.55  7408 0.14  74107 0.25 74191 0 60 

M I Sit M3i NS 4002 ale 4067 4.30  4569  1.95  7453  0.14 74132  0.50 74193 0.55  7410 0.13 
4007 0.19 4068 0.18  4572  0.30  7454  0.14 74136  0.65 74194 0.55  7411 0.14  74113 0.25 74194 042 
4009  0.70  4069  0.10  4582  0.99  7460  0.14 74141  0.45 74195 0.55  7412 0.15  74114 0.25 74195 0.42 
4009 0.30 4070 0.25  4584  0.49  7470  0.28 74142  1.85  74196 0.55  7413 0.28  741220.40 74196 0.65 
4010 0.30 4071 0.22  4585  1.00  7472  0.27 74143  2.50 74197 0.55  7414 0.49  74123 0.55 74197 0.65 
4011 0.24 4072 0.22  4702  4.50  7473  0.28 74144  2.50 74198 0.85  7415 0.14  74124 1.80 74200 2.45 
4011 0.15 4073 0.22  4703  4.48  7474  0.28 74145  0.75 74199 1.00  7420 0.13  741250.29 74202 2.45 
4012 0.20 4075 0.18  4704  4.24  7475  0.35 74147  1.50 74221  100  7421 0.15  741260.29 74221 C.60 
4013 0.35 4076 0.60  4705  4.24  7476  0.30 74148  1.09 74246 1.50  7422 0.15  74132 0.45 74240 C.99 
4015 0.70 0077 0.23  4706  4.50  7480  0.26 74150  0.79 74247 1.51  7426 0.18  74133 0.30 74241 C.99 
0016 0.30 4078 025  4720  4.00  7481  0.20 74151  0.55  74248 1.89  7417 0.14  741360.25 74242 1.65 
4017 ass 4082 0.25  4723  0.95  7482  0.75 74153  0.55 74249 1.89  7428 0.35  741380.40 74243 1.65 
4019 0.38 4093 0.45  4724  095 7483  0.60 74154  0.55 74251  1.05  7430 0.13  741390.40 74244 0.83 
4020 0  .68 4099 0.99  4725 2.24 7485  0.75 74155  0.55 74265 0.66  7432 0.14  74145 1.20 74245 1.50 
4021 075 4175 1.15  40014 0.54  7486  0.24 74156  ass 74273 2.67  7433 0.16  74147 2.10 74247 1.35 
4022 0.68 4502 0.90  40085 0.99  7489  1.05 74157  0.55 74278 249  7437 0.17  74148 1.60 74248 1.35 
4023 0.19 4503 0.55  40098 0.54  7490  0.30 74159  1.90 74279 0.89  7438 0.16  74151 0.35 74249 1.35 
4024 0.45 4506 0.75  40106 0.54  7491  0.55 74160  0.55 74283 1.30  7440 0.13  74153 0.35 74251 0.46 
4025 0.18 4507 0.45  40160 0.69  7492  0.35 74161  0.55 74284 3.50 7442 0.40  74154 0.99 74253 0.46 
4026 1.05 4508 1.99  40161 0.69  7493  0.35 74162  0.55 47285 3.50 7447 0.42  74155 0.50 70257 0.55 
4028 0.60 4510 0.70  00162 0.69  7494  0.70 74163  0.55 74290 1.00 7448 0.65  74156 0.50 74258 0.39 
4029 0.75 4511 0.85  40163  0.68  7495  0.60 74164  ass 74293 1.05 7449 0.61  74157 0.36 74259 0.39 
4030 0.35 4512 0.70  40174 0.69  7496  aes 74165  0.55 74297 2.36 7451 014  74158 040 742:80  :II 
4035 0.75 4514 2.20  40175  0.69  74 97 1.40 74166  0.70 74298 1.85 7454 0.15  74160 oleo 147 
4040 068 4515 2.50  I n? .035  7410C  1.10 74167  1.25 74365 0.85 7455 0.15  74161 0.40  74273 0.90 
4042 0.65 4516 0.75  -"" " '''.75  74104  0.62 74170  1.25 74366 0.85 7463 1.50  74162 0.40  74275 3.20 
4043 0.68  4518 075  40194 0.69  74105  0.62 74173  1.10 74367 0.85 7473 0.21  74163 0.40  74279 0.35 
4043 0.93 4520 0.80  40195 0.69  74107  0.26 74174  0.75 74368 0.85 7474 0.18  74164 0.50  74280 2.50 
40094446  00..6689  44552221  21..3469  74109  0.35 74175  0.75 74390 1.85  7475 0.28  74165 1.20  74283 0.44 
4047 0.69 4527 0.95  74110  0.54 74176 0.75 74393 1.85 7476 0.22  74166 1.75 74250 0.58 

74111  0.68 74177  0.75 70490 1.85 7478 0.24  74168 0.85  74293 1.30 

4050 0.30 4529  .40 
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4049 0.30 ae.2e non 

1 PSN  7485 0.70  ?41 B 4:12 % It 4 32 
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74120  0.95 74182  010  7401  0.11  7,in  lyg  3:147 ,?it  74367 035 
4055  1.30  4556 0.58  7406  0.22 74122  0.34  70185  1,i()  7403  S:13 7493 0.3.8 7744118893 2 96 7744337743 007788 
4054 1.30 4555 0.72  74121  035 71184  1. 0 7402  74368 035 

4056 1.35 4  7407  0.22 70123  040 74188  300  7404  013 
74375 1.15 
74377 1.99 

10.245  200  RC XTALS  74378 1.40 
10.6985  25.0  Am Tx/AX  74379 2.15 
10.700 2.00  FM AX.  74384 2.50 
10.7015  2.50  3rd ot/309F  7744383885 04..2290 
11.00  2.00  HC25U  1 65 

74390 0.68 11.115  2.00 

200  774433153 02.614 8.49m  2.00  20pF HC25U 
FMTX: Fund 

Si freq  1 85 
74396 1.39 90015  PAIRS...AM 3.10 

74399 2.30 

2.00 
74398 2.75 

24.000 
21.000  2.00 

74445 1.40 
25.000  2.00  PAIRS...FM 2.00  CHANNELLING 

3.25 

26000 74447 1.95  18.000  2.00  27MH: 50kHr 
2.50  35MHr: 20kH1 

74668 1.05  E&OE 
74490 110 

XTAL FILTERS 
10M4131. 10.7Mh . 15Khr BW 

7744666790 11 0,06 8 p014.  14.50 
10M22D, 10.7Mhx, 2.4Khr BW, 
SSB, 8 Pole  17.20 

AMBIT internationa 

ALL PRICES EXCLUDE VAT - CURRENTLY AT 15° 

POSTAGE 50p ORDERS UNDER £12 - FREE OVER £12 

The lowest prices for prime, repeatable devices 7 We think 
so. and wait to hear to the contrary. Ambit's new bigger, 
cheaper and complete range of parts is covered in our new 
12 page A4 format short-form and price list: mailable free 
with an SAE, and supplied with all orders. You can order 
by ACCESS/BARCLAYCARD, cheque, PO with order - or 
come into our refurbished retail shop and use'real' money! 

Our 3 catalogues (E1.85 Inc. or 75p ea Inc) cover the 
BIGGEST RANGE OF RF components in Europe as well 
as standard parts, so invest a set today. The saying you 
make on your first couple orders will soon repay th cost. 

7400 0 20 
7402 0.20 
7404 0.20 
7408 0.20 
7410 0.20 
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74161 0.80 
74162 0.130 
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BF 194  189 
8E195  189 
BF 224  229 
8E241  180 
6E274  18p 
11E440  219 
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8E362  49p 
13E395  189 
8E479  669 
BF679S  55p 
BER91  133 
BFW92  60p 
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8E256  38p 
2SK55  280 
2SK 168  35p 
3310  69p 
3176  659 
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TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG 

200 north Seruice Road, Brentwood, ESSell 

- Chokes. block filters, ceramic filters, resonators, IFTs, oscillator coils. audio filter blocks etc. 

LOW PASS FILTERS 

Now from 10kHz to 20MHz 
TOKO's recently expanded 
LPF series covers from the 
audio spectrum through to 
20MHz in a series of LPFs 
for mpx, video, radio etc 

The LPFs are based on 
7&10mm formats with 
up to 4 LC tuned ele-
ments per block. Many 
stock types available. 

HELICAL FILTERS 

for VHF and UHF: 

2 & 3 elements available 
Fcaturing low insertion losses, 

-80dB at the 
+/- 21.4MHz 
points. Ask 
for details. 

VIDEO FRAME STORES 

* 525/625 operation 
* 512 pixell/line 
* Local or remote control 
* Top/bottom & L/R reverse 
* Models available with digitized I/O 

CERAMIC RESONATORS & 
PIEZO SOUNDERS 

Audio buzzers now 
down to lkHz - low 
cost 400-600kHz 
crystal replacements 
for MPUs, RCs etc. 
Low cost - wide range. 

Video frame stores are a new add-
ition to TOKO's memory product 
range. They permit easy analysis of 
low dose X-Ray pictures, digital 
processing of picture information 
(including the VFM1OD with 8" 
disk drive) with much better 
resolution than available from VTR 

AMBIT international 
TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG 

200 North Seruice Rood, Brentwood, Essex 
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ELECTRONIC 

IGNITION 

Reedy for use — the HE Electronic Ignition project (see page 101 which when 
ccmplete requires only four connections to your car's ignition system. The 
prpject shown on this month's cover was the prototype, with its high-power 
resistor mounted in the case The final version has a surface-mounted resistor as 
shown above, for better heat dissipation 

Ready for flight — one of the radio-controlled model 'planes at Sandown Race 
Course on 9th and 10th May. See Radio Control this month's special feature, 
on pegs 15. followed by the report on Sandown on page 20 

Ready for measurements - 
special-offer HE Multitester 
Ise. page 511. which 
complements Into Electronic 
Components, a new series 
starting this month on 
page 47 

Hobby Electronics is normally published on the second Friday of the month prior to the cover date. 
Hobby Electronics, 145 Charing Cross Road, London WC2H CEE, 01 437 1002. Telex No 8811896. Published by Modmags Ltd. 

Distributed by Argus Press Sales Et Distribution Ltd, 12-18 Paul St, London EC2A 4JS. Prirted by QB Ltd, Colchester. Covers printed by Alabaster Passmore. 
Copyright: All material in this publication is subject to world-wide copyright protection. Permission to reproduce printed circuit board pat-terns commercially or 
marketing of kits of the projects must be sought from the Publisher. All reasonable care is taken in the preparation of the magazine to ensure accuracy but 

Modmags cannot be held responsible for it legally. - Copyright 1981 Modmags Ltd  ABC  Member of Audit Bureau of Circulation. 
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AMPLIFIER 

WITH 

HEAT SINK 

Which amplifier?  • 
I.L.P. Amplifiers now come in three basic types, each of which is available with 
or without heatsink. Having decided the system you want - home hi-fi 
(models HY30, 60 or 120 for example), super quality hi-fi with extra versatility 
(MOS120, MOS200) or Disco/PA/Guitar (HD120, H0200 or HD400) you will 
then decide whether amplifiers housed within their own heatsinks or plate 
amplifiers for bolting to a metal chassis will suit. With choice such as this and a 
brilliant new range of I. L. P. functional modules to choose from you now have 
the chance to build the finest audio system ever offered to the constructor. 

BIPOLAR Standard, with heatsinks Without heatsinks 
. DISTORTION  • 

OUTPUT T.N.O. 1.111.D. SUPPLY 
MODEL POWER Typ 11111M1711114 VOLTAGE SIZE WT PRICE VAT MODEL SIZE WT PRICE VAT 
NUMBER Watts nos at IAN/ 4:1 MIRAN um pa NUMBER to min pis 

H1130 15w14.811 0.015% <0.006% t 18 t20 76 x 68x40 240 £7.29 £1.09 

NTH 30w14811 0.015% <0.006% -125330 76168140 240 £11.33 (1.25 

NY120 60w14-811 0.01% <tr.006% ±35±40 1201781140 410 £17.411 £2.62 HY120P 120x26140 215 115.50 12.33 

HY200 120w/4.811 0.01% <0.006% t45±50 12017800 515 £21.21 E3.18 HY200P 1201126140 215 £18.41 12.77 

NY400 240w1412 0.01% <0.006% ±45±50 120081100 1025 £31.83 E4.77 HY400P 120112600 375 £29.33 I4.25 

Protection: Load line, momentary short circuit (typically 10 sec)  Slew rate 15Vlus  Rise time. 5ps 
SW ratio: 100db  frequency response I - 3da: 5Hz - 50kHz 
Input sensitiver 500mV rms  Input impedance: 100k11  Damping lac or:18121100Hil>400 

HEAVY DUTY with hwitsinlis  Without heatsinks 

NO120 60w14 811 0.01% <0.006% ±35±40 120178150 515 £22.41 E3.37 NO120P 12012600 265 £19.14 0.98 

H0200 120w14-812 0.01% <0.006% ±45±50 120x7800 620 £27.39 I4.11 110200P 12012600 265 £23.83 £3.54 

ND400 240w1412 0.01% <0.006% ±45 t 50 120 x 78 x100 1025 MHO 0.79 NMOOP 1201126'70 375 £34.21 £5.14 

Protection: load line, PERMANENT SHORT CIRCUIT (ideal for discolgroup use should evidence of short circuit not be immediately apparent). 
The Heavy Duly range can dein additional output power devices and complementary protection circuitry with performance specs. as for standard types. 

MOSFET Ultra-Fi, with heatsinks  Without heatsinks 

1105120 60w14-811 <0.005% <0.006% t45±50 120178140 420 £25.111 (3.88 1108120P 120x26140 215 £23.32 (3.50 

NIOS200 120w141311 <0.005% <0.006% t55±60 120x78x80 850 £33.46 (5.02 1108200P 120126x80 420 £28.53 (4.28 

IHOS400 2401412 <0.005% <0.006% ±55±60 120178x100 1025 £45.39 (6.81 NIOS400P 120x26x100 525 E31.91 (5.84 

Protection: Able to cope with comple loads, without the need for very special protection circuitry (fuses will suffice). 
Illtra•fi specifications: 
Slew rate: 20V)us  Rise time: 3ps  ratio: 100db  fr equency response I -  15/1: - 100kHz 
Input sensawdy• 500mV rots  Input impedance: 100k0  DenpMg lactor:18131100Hd>400 

POWER SUPPLY UNITS 
MODEL NO FOR USE WITH PRICE VAT 

PSU30 

PSU 36 
PSU50 
PSU60 
PSU65 
PSU 70 
PSU 75 
PSU90 
PSU95 
PSU1 BO 

PSU 185 

+ 1 5V combinations of HY6/66 series to 
a maximum of 100mA 
The following will also drive the HY6/66 
series except HY67 which requires the PSU30. 
1 or 2 HY 30 
1 or 2 HY60 
1 x HY 1 20/HY 1 20P/HD 1 20/HD 1 20P 
1 x MOS 1 20/1 x MOS 1 20P 
1 or 2 HY 1 20/HY 1 20P/HD 1 20/HD1 20P 
1 or 2 MOS 1 20/MOS 1 20P 
1 x HY 200/HY 200P/HD 200/HD 200P 
1 x MOS 200/MOS200P 
2 x HY 200/HY 200P/HD200/HD200P or 
1 x HY400/ 1 x HY400P/HD400/HD400P 
1 or 2 MOS200/MOS 200P/ 1 x MOS400/ 
1 x MOS400P 

£4.50 

£8.10 
£10.94 
£13.04 
£13.32 
£15.92 
E 16. 20 
£16.20 
f 16.32 

£21.34 

£21.46 

£0.68 

£1.22 
£1.64 
E 1.96 
£2.00 
£2.39 
£2.43 
£2.43 
£2.45 

£3.20 

£3.22 
All models except PSU30 and PSU36 incorporate M a own tow dal translorme s 

FP480 
BRIDGING UNIT FOR 

DOUBLING POWER 
Designed specially by 1.1.P. for use 
with any two power amplifiers of the • 
same type to double the power output 
obtained and will function with any 
1.1.P. power supply. In totally sealed 
case, size 45 50 x 20mm, with edge 
connector. It thus becomes possible to 
obtain 480 watts rots (single channel) 
into 811. Contributory distortion less 
than 0.005%. 
Price: £4.79.72p. V.A.T. 

1112 ELE CTR O NI CS LT D. 
FREEPOST, 6 Graham Bell House, Roper Close, Canterbury, Kent CT2 7EP 

Telephone 102771 54778 (Technical (0227)647231. Telex 965780 

Available also from MARSHALLS, TECHNOMATIC. WATFORD ELECTRONICS and certain other selected retailers 

GOODS BY MAIL ORDER DESPATCHED WITHIN 7 DAYS 



OF A NEW ERA ® 11-.3  

Which modules? 
In launching eighteen different units all within amazingly compact cases to help make 
complete audio systems using I.L.P. power amplifiers, we bring the most exciting, the 
most versatile modular assembly scheme ever for constructors of all ages and 
experience. Study the list - see how these modules will combine to almost any audio 
project you fancy - and remember all I.L.P. modules are compatible with each other, 
they connect easily. Modules HY6 to HY13 measure 45 x 20 x 40mm. HY66 to HY77 
measure 90 x 20 x 40mm. They are so reliable that all I.L.P. modules carry a 5 year no 
quibble guarantee. 

MODEL 
NO. MODULE DESCRIPTION/FACILITIES 

CURRENT 
REQUIRED PRICE VAT 

HY6 MONO PRE AMP Mic/Mag. Cartridge/Tuner/Tape/ 10mA £6.44 £0.97 
Aux + Volume/Bass/Treble 

HY7 MONO MIXER To mix eight signals into one 10mA £5.15 £0.77 

HY8 STEREO MIXER Two channels, each mixing five signals 
into one 

10 mA £6.25 £0.94 

HY9 STEREO PRE AMP Two channels mag. Cartridge/ 10mA £6.70 £1.01 
Mic + Volume 

HY11 MONO MIXER To mix five signals into one 10mA £7.05 £1.06 
+ Bass/Treble controls 

•HY12 MONO PRE AMP To mix two signals into one 10mA £6.70 £1.01 
+ Bass/Mid-range/Treble 

• HY13 MONO VU METER Programmable gain/LED overload driver 10 mA £5.95 £0.89 

HY66 STEREO PRE AMP Mic/Mag. Cartridge/Tape/Tuner/Aux 20 mA £12.19 £1.83 
+ Volume/Bass/Treble/Balance 

HY67 STEREO HEADPHONE Will drive headphones in the range of 80 mA £12.35 £1.85 
4.11 - 21(S2 

HY68 STEREO MIXER Two channels, each mixing ten signals 
into one 

20 mA £7.95 £1.19 

HY69 MONO PRE AMP Two input channels of mag. Cartridge/ 20 mA £10.45 £1.57 
Mic + Mixing/Volume/Treble/Bass 

HY71 DUAL STEREO Four channels of mag. Cartridge/Mic 20 mA £10.75 £1.61 
PRE AMP + Volume 

• HY72 VOICE OPERATED Depth/Delay 20 mA To be announced 
STEREO FADER 

• HY73 GUITAR PRE AMP Two Guitar (Bass/Lead) and Mic 20 mA f 12.25 f 1.84 
+ separate Volume/Bass/Treble + Mix 

tHY74 STEREO MIXER Two channels, each mixing five signals 
into one + Treble/Bass 

20 mA £11.45 £1.72 

1-HY75 STEREO PRE AMP Two channels, each mixing two signals 
into one + Bass/Mid-range/Treble 

20mA £10.75 £1.61 

tHY76 STEREO 
SWITCH MATRIX 

Two channels, each switching one of 
four signals into one 

20mA To be announced 

tHY77 STEREO VU 
METER DRIVER 

Programmable gain/LED 
overload driver 

20 mA £9.25 E 1.39 

• Ready Augus - may be ordered now 
Ready September may be ordered now 

TO ORDER USING OUR 
FREEPOST FACILITY 

All the above modules operate from  15V minimum to I 30V maximum - higher voltages he ng 
accommodated by use of dropper resistors H Y67 can only be used with the PSU 30 power supply unit 

Fill in the coupon as shown, or write details on a separate 
sheet of paper, quoting the name and date of this journal. 
By sending your order to our address as shown at the 
bottom of the page opposite, with FREEPOST clearly 
shown on the envelope, you need not stamp it. We pay 
postage for you. Cheques and money orders must be 
crcssed and made payable to I.L.P. Electronics Ltd. If 
sending cash, it must be by registered post. To pay 
C.O.D. please add C 1 to TOTAL value of order. When 
ordering, U.K. customers must include the appropriate 
V.A. T. as shown 
PAYMENT MAY BE MADE BY ACCESS OR 
BARCLAYCARD IF REQUIRED 

OF RECEIVING YOUR ORDER 

The modules are 
encapsulated and include 
latest design high quality 
clip-on edge connectors. 

For easy mounting we 
recommend 
86 Mounting board for 
modules HY6 - HY13 

78p+ 12p. V.A.T. 

866 Mounting board for 
HY66 - HY77 

99p+ 13p. V.A.T. 

All  modules include 
full connection data. 

I.L.P. Products 

are of British 

Design and 

Manufacture. 

ALL WITH ILP "S 5 YEAR NO QUIBBLE GUARANTEE 

To: I.L.P. ELECTRONICS LTD. ROPER CLOSE CANTERBURY CT2 7EP 

Please supply   

  Total purchase pnce L   

I enclose Cheque Li  Postal Orders fl International Money Order n 
Please debit my Access/Barclaycard Account No   

NAME 

ADDRESS 

Signature   



MONITOR 
EDITORIAL 

When we announced the postponement of Hobby 
Electronics '81 — the exhibition that we had planned 
to hold at the Bristol Exhibition Centre from 29th to 
31st May — we had hoped that everybody would 

receive notice of its cancellation. 
We were sorry to hear that, despite our attempts to 

spread the news, several readers suffered a wasted 

Why was it cancelled?  We  simply  had  insufficient 
trip to Bristol . 
support from the trade to make it worthwhile. This 
lack of support puzzled and disaPPointed us, because 
the media covering South Wales and the West of 
England had shown great interest in an Exhibition 
dedicated to electronics hobbyists. We even had en-

quiries from a local hospital radio station. 
Despite the cancellation, the Wales and West 

Schools' Electronics Project Competition, which was 
to have been judged at the Exhibition, went ahead as 
promised. Details of the winning entries are given on 

page 28. 

Hugh Davies 
Editor 

35 MHz R/C News 
ON 1ST JANUARY 1981, a band 
of frequencies between 35.010 
MHz and 35.200 MHz was made 
available for model aircraft radio 
control use. Radio-controlled 
boats and cars are still restricted 
to either 27 MHz, or the UHF 
band around 459 MHz 

In order to make best use of 
this new band, and to maintain 
compatibility with the rest of 
Europe, 10 kHz channel spacing 
was adopted, as opposed to the 
nominal 25 kHz spacing in use on 
the 27 MHz band. The Society of 
Model Aeronautical Engineers 
(SMAE) representing the aero-
modellers, and the Model Hobby 
Trade  Federation  (MHTF) 
representing the manufacturers 
and importers of A/C equipment, 
jointly drafted a code of practice 
to ensure that transmitters sold 
to operate on the new band 
would be capable of safe opera-
tion at these close spacings. 

Unfortunately, some enter-
prising importers have taken ad-
vantage of a loop-hole in the type-
approval procedures. Some of 
their equipment, although 
nominally meeting the transmit-
ter specifications, appears 
unable to perform satisfactorily 
at 10 kHz spacings and in-
terference to other modellers is 
being caused. This clearly breaks 
both the spirit of the code of prac-
tice, and its intention. 

Angry rumblings have been 
heard, from other manufacturers 
and also from the modellers 
themselves. The equipment in 
question has, in fact, been 
banned by some clubs. 

Moves are afoot to close the 
loop-hole by introducing type. 
approval procedures for receivers 
as well as transmitters. In the 
meantime, most reputable 
manufacturers are offering writ-
ten  guarantees  for  their 
receivers' performances at 10 
kHz spacings. 

Repair Service For 
Electronic Games 
CIRCOLEC, UNDER THE joint 
partnership of John Bell and 
Richard Ansel!, is offering a repair 
service for all types of video, 
computer and hand-held elec-
tronic games. 

John Bell told HE that his com-
pany specialises in the repair of 
games such as those from 
Videomaster (Waddington), 
Computer Games, Atari and 
Grandstand. Circolec has had 
two years experience in servic-
ing 'tens of thousands' of 
Videomaster games 

'We have six engineers here 
doing this sort of work' said John. 
He has had 30 years' exper;ence 
in electronics and he is a member 
of the Institute of Quality 
Assurance. 

Graphic Equaliser 
John Bell also mentioned a 
100 W  (4 x 25 WI graphic 
equaliser designed by Circolec. 
Its features include a three-colour 
LED display for each channel and 
the use of touch-sensitive con-
trols. We hope to report on this 
product in a later issue. 

Circolec is based at 1 Fran 
ciscan Road, Tooting, London 
SW17 8BR (to! 01 767 1233). 

Bins That Don't 
Rattle 

STORING  COMPONENTS, 
small tools, nuts and bolts etc, 
can be a problem for any hob-
byist. The choice seems to be: 
either make your own system of 
storage bins, or buy an expensive 
racking system 

Well, HE heard of a complete-
ly new (and cheap) method of 
storage bins for the home han-
dyman, from Bankers Box of Don-
caster. The bins are made of 
fibreboard and come in seven 
sizes from 51  mm wide by 
102 mm high by 305 mm long, 

up to 203 mm by 102 mm by 
457 mm. As a price example the 
102 mm by 102 mm by 305 mm 
bin will cost about £3.75 for a 
pack of 10, and will be available 
from major retailers, office sta-
tioners and garage forecourts. At 
these prices, the bins are likely to 
be very attractive to the hob-
byist. 

Delivered in flat-pack form, 
the user folds the storage bins in-
to shape himself — the whole 
process takes only a few seconds 
— and no clips or staples are 
needed. 

More information from: 
Bankers Box, Record Storage 
Systems, Doncaster Itel no. 
0302 884566). 

Spectacular TV 
Light Show 
CEL ELECTRONICS HAS in-
troduced two video synthesiser 
products, one of which will add 
new light to domestic colour TVs. 

Chromoscope C-101 (domes-
tic model) and Chromoscope 
P-135 (professional model) are 
claimed by CEL to be all-British in-
ventions. When HE was shown 
both models by Robin Palmer, 
director of CEL and designer of 
the two products, we were im-
pressed by the high standard of 
design and by the spectacular ef-
fects produced. 

Chromoscope C-101, priced 
at £295 including VAT, can be 
connected to your TV and will 
generate a sequence of coloured 

shapes and patterns which merge 
and blend on the screen. The con-
trols on the C-101 allow an 
almost infinite adjustment of pat-
tern shape, colour and sequence. 
And the patterns become even 
more exciting when you connect 
the C-101 to your hi-fi system: 
the modulation effects provide an 
impressive sound-to-light show. 
Chromoscope P-135, priced at 
£675 including VAT, offers 
studio facilities, such as video 
and audio inputs, mixing and the 
insertion of colour into black-and-
white images. 
We have been given a C-101 

to review and will present our fin-
dings in next month's Gadgets, 
Games Et Kits supplement. We 
will also be offering the C-101 at 
a special price to HE readers, so 
don't miss next month's issue! 
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Electronics News 

Latest Personal 
Cassette Player 
From Sony 
WELL, WE TRIED, jogging a dis-
tance — about 15 metres — while 
listening to the machine. Then 
we tried walking doing the same 
-- even further — and after get-
ting our breath back decided that 
the Sony Walkman-2 is a nice 
piece of equipment. 

Walkman-2 is the latest of 
the  mini  personal  cassette 
players,  complete with head-
phones, to hit the market from 
Sony  -- the company which 
originated the idea of personal hi-
fi. You may remember that the 
first personal cassette player to 
be released in this country was 
Sony's Stowaway (which later 
became known as Walkman-1). 
The smallest of any such 

player  we've  seen  yet,  the 
Walkman-2 is about the same 
size as a standard cassette case 
but just  under  twice  the 
thickness. We doubt whether 
any further size reductions will 

be possible (using standard sized 
cassettes, that is) but it's a fairly 
safe bet to rely on Sony to do it if 
it can be done. 

Do Your Own Thing 
If you've never listened to a per-
sonal cassette machine before 
then you haven't yet lived! Using 
one is easy: you simply choose 
your own music (not that impos-
ed  by  supermarket  muzak 
speakers, and not that forced on 
you by the fellow-next-door's 
tranny tuned in to Radio Gunge) 
on a cassette, slot the cassette 
into your player, put on the head-
phones, switch on and  wham' 
—  you're  in another  world. 
You're  walking  around  the 
streets  with  Gary  Glitter  or 
Grieg; you're jogging with the 
Beatles or Bach; you could even 
be playing tennis with the Rolling, 
Stones or Ravel. Whatever you 
are doing, it's your own sound. 

Walkman Is Fi! 
Hi-fi, in fact. Using metal tapes 
the frequency response of the 
player is an impressive 40 to 

15,000 Hz. 
It comes complete with a pair 

of MDR-4L1S dynamic stereo 
headphones,  a demonstration 
cassette,  batteries,  carrying 
case with shoulder strap, and a 
battery case for external larger 
batteries. The headphones give 
excellent results and quality, and 
are so light that after listening to 
your music for a while you 
almost forget you have them on. 
If somebody around wants to 
talk to you but you can't be 
bothered  to  take  off  the 
'phones, by pressing a conve-
nient 'mute' button (at the junc-
tion where the two separate 
leads to each 'phone meets) you 
can cut down the volume so you 
can hear the real world again. 

Two alkaline AA-sized cells 
fitted into Walkman-2 give ap-
proximately nine hours' playing 
time  but  if that's  not  long 
enough then two D-sized alkaline 
cells in the handy external bat-
tery  case  give  you  an 
unbelievable 60 hours of playing 
time. 

The  carrying  case  looks 
somewhat odd at first sight, but 

is very versatile. It can be slung 
over  the  shoulder  with  a 
detachable strap or (more conve-
niently) clipped to a belt, waist-
band or pocket edge. 

Walkman-2 itself folds apart 
to allow cassette insertion and 
one or two pairs of headphones 
can be used with it. (A second 
set of MDR-4L1S headphones 
will cost you £16.44 including 
VAT.) Controls on the player are 
simple and self-explanatory: for-
ward, fast-forward, rewind, stop 
and volume, and here lies our 
one and only cause for concern. 
Unlike  Walk man-1  (ie, 
Stowaway), which had separate 
volume controls for each chan-
nel, Walkman-2 has only one 
volume control with no means of 
channel  balance  adjustment 
Fine, if you have evenly matched 
lug'oles, but not fine otherwise. 
It is worth remembering next 
time, Sony! 

Our overall impression is that 
Walkman-2 is a lovely machine, 
well designed, well made, and 
well priced (considering its quali-
ty) at £99.50 including VAT or 
less. 

Technomatic Tie-up 
With Texas 

COUPLED WITH THE opening of 
a new, large retail sales shop at 
305 Edgware Road, London W2, 
Technomatic Ltd announces a 
new deal whereby the company 
is offering a nationwide distribu-
tion service of Texas In-
struments' components to the 
greatly expanding hobbyist 
market. 

One of the early projects 
which Technomatic will be tackl-
ing will be the marketing of Texas 
Instruments' new solid-state 

speech synthesiser ICs. These in-
tegrated circuits are already 
available to industry -- but 
Technomatic's aim is to bring the 
chips to the hobbyist. 

The company believes that its 
success in the field of component 
distribution stems from a policy 
of supplying the customer from 
large stocks of prime grade com-
ponents, at highly competitive 
prices, and by return of post. This 
sort of service ideally suits the 
hobbyist. 

To launch the two new ven-
tures, a set of special prices has 
been prepared and these will ap-
pear in Technomatic's magazine 
advertisements. 

Digital Multimeter 
Has Higher 
Accuracy 
When  we  described  the 
DMM600D digital multimeter, 
from Danesbury Marketing, 
under Monitor in last month's 
issue, we under-rated its ac-
curacy. On the DC voltage ranges 
the specified accuracy is 0 2%, 
not 0.5% as stated. 

The meter is pocket-sized, 
covers 21 ranges and is available 
at a special introductory price of 
£49.95 for orders of one to four 
and £47.45 for orders of five to 
nine. (These prices include VAT 
and carriage in the UK I 

Carrying case, test leads and 
handbook are included with the 
meter. 

Danesbury Marketing Ltd, 22 
Parkway, Welwyn Garden City, 
Herts AL8 6HG (tel 07073 
29112). 
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NEXT MONTH IN HE - NEXT MONTH IN HE - NEXT MONTH IN HE 

Don't miss the 
September issue 
out August 14 

METAL DETECTOR 
So you think you might have a treasure trove underneath your 
lawn, eh? Well, next month we've got a super metal detector 
project to help you strike it rich. It's simple to build and even 
simpler to operate. 

A complete kit of parts for the HE Metal Detector will be 
made available — all you'll need to supply is the spade. 

Now where did Great-Grandfather bury his gold sovereigns? Carol 
Ann is seen here using the HE 'Diana' metal detector, described in 
next month's issue 

MAINS ADAPTOR 
How often have you found that the battery in your portable 
radio/cassette player/calculator or such like is defunct of life, 
and you have no more cells? Wouldn't it be handy if you could 
run the device from mains? The HE Power Pack will do the job 
nicely. Preset voltage control gives a regulated output between 
5-15 VDC and current supply is up to about 350 mA. So you 
see, most battery-powered devices can be run from this handy 
project. 

The HE Power Pack will save you the expense of batteries for many 
electronic gadgets, such as the transistor radio shown here 

No, it's not a robot on wheels but a diagnostic scanner from 
Advanced Technology Labs Inc. This is just one example of the 
diagnostic equipment described in Electronics In Diagnostic Medicine 

ELECTRONICS IN DIAGNOSTIC 
MEDICINE 
Doctors may still use traditional methods to diagnose your 
illness or, depending on what is wrong with you, also make 
use of the electronic diagnostic equipment at their disposal. 
Guest writer Graham Thirsk, in this special feature for HE, 
describes some of the more interesting diagnostic equipment 
developed as a result of advances in diagnostic techniques and 
advances in electronic technology. 

SHORT WAVE RADIO 
Our Short Wave Radio next month may not be the most 
complex or expensive receiver ever designed, but it is fun to 
build and use, and it will pull in some of those faraway 
broadcasts from around the world. 

The radio is based on a simple tuned radio frequency (TRF) 
design covering frequencies of about 1.5 MHz to 33 MHz. 
Naturally, we hope to have an automatic cutout, inherent in 
the design, of all frequencies in that nasty, illegal 27 MHz band 
(although we're not sure if this facility will get past the design 
stage — nudge, nudge, wink, wink, say no more!) 

CHROMOSCOPE REVIEW 
In the Gadgets, Games Et Kits supplement supplied free with 
the September issue we review the Chromoscope C-101, a 
video synthesiser for home use from CEL Electronics (see 
under Monitor in this month's issue). The C-101, when 
coupled to your TV and audio system, will provide a display of 
coloured shapes and patterns that merge and blend — in 
harmony with the music. 

Items mentioned here are those planned, but unforeseen 
circumstances may affect the actual contents 
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WATFORD ELECTRONICS 
35 CARDIFF ROAD, WATFORD, HERTS., ENGLAND 

MAIL ORDER, CALLERS WELCOME. Tel. Watford 40588/9 

'7400TTL 
7400  11 
7401  11 

7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
7416 
7417 
7420 
7421 
7422 
7423 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 
.7442 
7443 
7444 
7445 
7446 
7447 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
7482 
7483 
7484 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
7497 
74100 
74104 
74105 
74107 
74109 
74110 
74111 
74112 
74116 
74118 
74119 
74120 
74121 
74122 
74123 
74125 

ALL DEVICES BRAND NE W, FULL SPEC. AND FULLY GUARANTEED. ORDERS 
DESPATCHED BY RETURN OF POST. TER MS OF BUSINESS  CASH/CHEQUE/ 
P.O. OR BANKERS DRAFT WITH ORDER. GOVERN MENT AND EDUCATIONAL 

INSTITUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY 
WELCO ME. P&P ADD 50p TO ALL ORDERS UNDER EIO OVERSEAS ORDERS 
POSTAGE AT COST, AIR/SURFACE. ACCESS ORDERS WELCO ME. 
1/AT   xpori orders no VAT Appacable M U.K. Comarniare only 11nlase tttttttttttttttt 

lances we me:Suave of VAT Meow add 19 % to the total com mcluchng p&p 
W. Hod. dwamand• more non. 11 pays to van u0. IN• ii. situated behind Watford Football G•04/1141. 
Nampo Und•egroond SR Station W mfon1 High Sweat Open Morid•y to Smorday. 9 a in to 6 pm. 
Ample Fres Car Parlong woos antalabl• 

POLYES TER CAPACITORS: A llal lead 591 
400V: 1nF 105. 202 301 407. 608 11p; 10n 15n, 189 22n 120 330, 47n 611r• 10p; 100n 150n 201A 
220n 30p; 3301142p; 470n Up; 680n 1100; loF 61110 2, 2 12p; 4.7 88p. 
1501: 100F, 12, 100n 11p; I 50n, 220n 17p; 330n 470n 30p; 680n 311•; 1 F 42p; 11.5 411p; 7. 713p, 
4. 7 lib. 
1000V: 10T I7p; 10n 30p; 15n 400 22n 310; 33n 42p; 47n 42p; 1000 42p; 470n 11111p. 

POLYESTER RADIAL LEAD CAPACITORS: 2110V: 
tOni 150, 22n 27n Op; 33n. 47n. 680. 100n 7p; 1509 220n 10p. 
330n. 470n IAA 680n 190 1 • F 230 le 5 40p; 29 2 411p; 49 7 80p. 

urseeseen6 TRANSDUCERS 
4(51-1, 3111416/p• 

ELECTROLYTIC CAPACITORS: (Values are in pF/1500V: 10 52p; 47 711p; 250V: 100 1166; CV: 0.47, 1 0. 
1 5, 2.2. 2 5. 3.39p; 47 fp; 8.8. 10 I0p; IS, 22. 12p; 33 15p; 47 12p; 100. 19p; 1000 70p .110V: 47 12p; 68 
20p; 220 24p; 470 32p; 220090p. 40V: 4.7. 15, 2210; 3300. 90p; 4700. 120p; 25V: 1.5, 6.8, 10. 22 Sp; 33 
9p; 47 Sp; 100 11p; 150 12p; 220, 15p; 330 22p: 470 25p; 680. 1000, 34p; 2200, 50p; 3300. 76p; 4700 
92p. 111V: 40. 47. 100 10; 125, 12p; 220 13p; 470. 20p; 680 34p; 1000 27p; 1500, 31p; 2200 310; 3300 
74 P; 4700 790. 
TAG-END TYPE: 70V: 4700. 245p; 64V: 3300 196p; 2200 139p; 50V: 3300 154p; 2200 110p; 40V: 4700 
1SOP; 7OV: 10.000 320p; 15,000 346p. 

TANTALUM BEAD CAPACITORS 
3SV: 0.1 0, 0.22, 033 15p; 0 47, 0 68, 
1 OpF, 1.5 1111p; 2.2. 3.3 110; 4.7. 6.8 
22p; 1014F Zip; 14V: 2.2. 13 1119; 
4 796. 6.4. 10 110; 15. 311p; 22 30p; 33. 
47 40p; 100 75p; 220 90p; 10V: 15. 22. 
z a3pi Ali Ze;;AICI,I.O ASV: 10042p.  

RS 
100Y: inf. 2. 4. MO, 10 110 1506. 
220 30n. 40.47 Pp. 56 100n. 2009p; 
470n/50V 12p. 

MNIIATURE TI M TRIMMERS 
2-6pF 2-10pF, 22p; 2-25pF 5.56pF 
30p; I 0-88pF 3110 

COM MISSION TRIMMERS 
3-409F. 1080p6 20p; 20-2500 290; 
10135800F2Sp;40421250044p 

✓earerynans CAPAC/TORS: 
lOpf to InFlkb 1 bi.Flo10nFI0p 

POTENTIO  . Rotary Carbon 
Track 0 25W Log 6 0 SW On 
50() I ico & 26.0 (Linos, only) Single 
Gang  290 
sso 7sso Single Gang  210 
5Kt) 2110 Single Gang D P Switch 7S, 
51,4) 255) Double Gang  1110 

SLIDER POTENTIOMETERS 
0 15W log and know velum 60min 
510) 546) 60 nngie gong  70, 
10N) 500N) dual gang  ri Op 
Sell Sock Graduatad Bows  369 

SILVIIR MICA 00.4.4 in pF) 2, 3.3. 
47, 68. 82. 10. 15. 11 22. 27. 33. 
39. 47. 50. Si. 68. 75. 82. 85. 100, 
120150.1800F 110 each 
200. 220, 250. 270, 330. 330. 360. 390. 
470, 600. BOO, 820 21p each; 1000, 
1200. 1900, 2200 30p each. 3300. 
4700pF 60p each. 

CE RAMIC CAPACITORS SOY, 0.5pF 
to 10,4 49; 22n to 470 Sp. 100n 7p. 

 • 

PRO M POTENTIO MET ER 
Verbal 11 Hontontel 
0 1W 500-51.11) Minato,. 
0-25W loon-3 3144) Nom 
0.25W 2000-4 M O non 

7p 
109 
10, 

RESISTORS - C•rbon Film, High 
Sts065. Lon Nowt. Mn,..,.. Toletsne• 
5% 

RANGE  VAL  1.99 100. 
NW 202-497  624  2,  1, 
'SW 332-4M7  612  2p  1p 
1W 2072-10M  612  69 4, 
2%Meml Fib, 100-1M  Is,  Is, 
10Messi Tim 510•11.1  0,  6, 
100+ pm* •pplais as Rotators of each 
askant/ nosed 

EURO BREADBOARD 68.25. 
S.D.. 3601.  U-Dea 6 699p 
J-Dec A 4115p  Eton Breadt.r.to 520p 

VOLTAGE REGULATORS 
IA  703  + in - ve 
54  7805  146p  7905  220, 
12V  7612  I46p  7912  220p 
15V  7815  14119 
184  7818  1469 

IA  10220  PA.., Casing 
5V  7505  alp  7905 
124  7812  Alp  7912 
16V  7815  60p  7915 
18V  7818  90p  7918 
24V  7824  1110p  7974 

11111m-A  7092 Pt•stic Casing 
58  78105  30,  79105  6Sp 
64  78162  30p 
8V  78167  30, 
128  781.12  30p  79,  asp 
15V  781.15  300  6Sp ' • 

CA3085  1110 LM323K 
1.1.130011  170p 1.9132514 
LM 305H  140p 116 3265 
1M3091(  1360 16432 7 
1.2./ 31 79  31014 OA 773 

65p 
6 Sp 
65p 
asp 
656 

1114 94 ) -• 

6250 
2409 
240p 
270p 
359 

NM 40504 pans for most 
of the propfcm in this 

nosgsona 

500 
545258  750 
1041412 150p 
/8cit0,  5509 
18HG  650p 

JAINIS M VARIABLE CAPACITORS 
0.414Mnc 
100 3000  I 95 P 
50(91  2509 
6 1 Ball Dove 
4511 OAF  1609 
• 00ve 4103 
6 1/36 1  7759 
Orian 54mm  99, 
0.1 365pF  3269 
00.2 36596  3969 

0 2 35596 with slow 
mot., Drive  45011 
00 208/ 176  3910 
00 2013/ 176 with 
slow 
n.o6on drive  450, 
C804 5pF 10 15 
15 50pf  278, 
100 1509F  350, 
I. 3.3109F  7259 
00 3.2 508  5609 

DENCO COILS 
'DP VALVE TYPE 
Range 1 to 5 81. 
RD. T1 Wht  122p 
6-713-941  110p 
1 5 Green  150p 
'1' type 1 to 5. 131, 
Rd Wht VI 150p 
B94 Valve Holder 

426 
6012  115p 

RFC 5 chokes 
140p 

RFC 7119m61) 
1606 

13; 14: 15; 16; 17 
1209 

18/16  1359 
18/465  152p 
TOC 1  12 49 
MW5FR  122p 
MW/LW SFR154p 

VEROBOARD 
0 1 Pitch  clad plain 

. 31.  73p 529 

2'4 • 5  1131  -3.4.  1110  - 

344.5  1159 799 
Ps • 17  3210 211p 

. 17  424p  - 
Plit of 1(09ns  644 
Spot lace condo  111Ip 
Pin ,nw.,rt,on tool  I 

COPPER 
Clad &mods 
044m glass 
6.6"  909 
6.12'  1509 
P 8 P 

9 •13  950 
Far, CnIonde 
110 Anhydr  1•59 

liaam mo mmemolo mom mar  

ACCESS 
Just phone opt0 order 
tiwough. W. 6441 otth 
Om mot (Ion nun  010 

P10•4•1 

OPTO 
ELECTRONICS 
LEDs plus clips 
LEDs 0.0,4 
TIL209 Red  13 
16211 Corn  17 
111.212 Tel  IS 
2 1140  Ii 
2"Yllow.. Gm.  IS 
Squass LEO.  29 
08812  es 
2145777  44 
10271  40 
6E11205  IS 
11132  62 
11178  64 

DROW0 
T711!...3. renICA 5  116 
111322 C C 5  114 
C1(704 C CM 3  99 
01.70708 .3  99 
3" Green CA  120 
DL747 0.1 6 ISO 
FN0357  130 
MAN3640  176 
10 Sig Swarm* 226 
LCD 31/2  Cegit 699 

SWITCHES 
MEC.  Black  body, 
Red, Gin Blue 
SRI Latching  IS 
5664 Momentary MI 
TOGGLE: 24 250V-
SPST  sa 
DPOT  44 
Pole on. on  64 

SUB-MIN TOGGLE 
SP changeover  60 
SPOT on/off  54 
DPDT 65, •  75 
°PDT c/off  SO 
°PDT &mod  146 

SU M 290V: 
16 DPOT  14 
IA CoPc/o11  111 
SA °POT  13 

SWITCHES Min...tura 640.,. Locking 
Rah to Make 18  Push Break 20 
ROCKER: SPST on / olf 101/ 250V  29 
ROCKER: iliurninard Olacklchroshe bezel lights 
Lawn on DIST 3A 240V  Si 
ROTARY: (ADJUSTABLE STOP) 1 poll, 2.12 
wry. 29/ 2-6 iney. 30/2-4 may. 4p/ 2-3 ray 46 
ROTARY: Mains MOV AC. 4 Amp  62 

OIL SOCKETS: 8-pin Sp; 14-pin 10p; 16-pin 

10 P; 111-1210n- p1in6 P3;   20-pin  22p; 24-pin No; 213. pin 29p; 4 0p. 

DIODES 
80126  12 
89127  12 
CRO 3  210 
0A9  40 
0/4  1 
0170  1 
0179 
0/135  1 
0190 
019 
0195 
01203 
04202 
5911 
5916 
54001/2 
541303 
54004/5 
54006/7 
144148 
55401/2  1 
95404  1 
95406  1 
55406  1 
544 
5921 
64/100V  ft 
61/4005  60 
SA/80(9  66 

We  Mock  a 
wide selection 

0B1o  oks acr c   
Magazines 

ZENERS 
Flange 2V7 to 
390 400r0W 

10 rd. 
Range 3V3 to 
33V 1 AN 

14p web 

NOISE 
Dods  110, 

BRIDGE 
RECTIFIERS 
Iplestic cam) 
1A/50V 
11/1001/ 
1A/400V 
11/600V 
21/50V 
21/200V 
24.140011 
21/1100V 
81/100V 
61/400V 
8/4/600V 
10A/200V 
10A/600V 
251/2009 
251/6005 
08164 
1/1618 

SO 
22 
28 
34 
35 
46 
46 
SS 
83 
96 
126 
216 
360 
240 
396 
IS 
50 

SCRs 
ThyrIsIors 

14200V  IS 
14400V  70 
5A/400V  40 
54/ 600V  40 
BA/300V  SO 
BA/600V  05 
12A/100V 75 
12A/400V SG 
124/800V ISO 
51106  110 
111116  ISO 
C1OSD  30 
T1C44  Si 
TIC45  29 
TC47  36 
295062  32 
795064  39 
71.44444  130 

14 
14 
IS 
24 
24 
16 
15 
14 
20 
20 
24 
32 
24 
24 
16 
20 
20 
22 
21 
30 
27 
26 
16 
26 
27 
27 

• 27 
17 
SS 
38 
110 
$O 
es 
56 
So 
50 
16 
16 
16 
16 
16 
35 
30 
30 
26 
40 
30 
4$ 
120 
70 
50 
so 
ss 
26 
205 
28 
as 
30 
30 
34 
50 
46 
120 
es 
54 
55 
32 
35 
ao 
55 
170 
ge 
60 
90 
76 
30 
as 
so 
42 

74126  40 
74128  42 
74132  as 
74136  35 
74141  70 
74142  190 
74143  250 
74145  70 
74147  99 
74148  75 
74150  80 
74151  45 
74153  46 
74154  75 
74156  75 
74157  46 
74159  II 
74160  so 
74161  so 
74162  62 
74163 
74164 
74165  62 
74166  65 
74167  185 
74170  168 
74172  290 
74173  65 
74174  72 
74175  72 
74176  55 
74177  75 
74178  95 
74180  65 
74181  140 
74182  75 
74184  99 
74185  99 
74188  290 
74190  70 
74191  70 
74192  70 
74193  65 
74194  74 
74195  Op 
74196  es 
74197  86 
74198  80 
74221  SO 
74246  150 
74247  150 
74248  150 

64 
64 

74LS 
741.500  12 
1501  13 
1502  14 
LSO3  14 
LSO4  15 
1505  15 
LSO6  15 
LS013  16 
LSO9  15 
LSIO  15 
LSI 1  15 
1912  15 
LS13  30 
1514  41 
LS15  15 
1.520  15 
LS2I  15 
1522  15 
1526  19 
LS17  15 
LS28  20 
1030  18 
1532  15 
LS33  16 
1537  16 
1.538  16 
LS40  18 
LS42  35 
1547  40 

LS48 
1555 
L563 
LS73 
LS74 
LS75 
LS76 
LS83 
1585 
LS86 
L590 
L592 
L593 
LS95 
LS96 
LS107 
LS109 
LS112 
IS) 13 
15114 
IS122 
1.5123 
1.5124 
LS125 
15126 
15132 
LS133 
15136 
LS138 
IS 139 
LSI45 
LS147 
IS148 
15151 
IS153 
15155 
LS157 
LS158 
LSI60 
LS161 
LS162 
LSI63 
15164 
LS165 
LS166 
LS173 
15174 
LS175 
10181 
LS190 
1.5191 
LS192 
' LS193 
LSI95 
LS196 
15197 
LS221 
15240 
15241 
LS242 
LS243 
15244 
1.5245 
15247 
LS248 
15249 
1S251 
LS253 
LS257 

80' 
30 
150 
25 
25 
28 
20 
50 
70 
38 
35 
36 
36 
45 
120 
43 
30 
30 
40 
35 
44 
55 
105 
30 
30 
46 
35 
28 
35 
38 
75 
199 
99 
39 
39 
39 
35 
36 
41 
41 
41 
41 
46 
146 
116 
72 
72 
ss 
130 
54 
1.9 
SS 
65 
40 
58 
85 
SO 
96 
96 
85 

so 
115 
40 
86 
66 
40 
40 
411 

C M OS 
4000  14 
4001  14 
4002  14 
4006  116 
4007  15 
4008  62 
4009  35 
4010  40 
4011  15 
4012  18 
4013  34 
4014  74 

4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
4031 
4032 
4033 
4034 
4035 
4036 
4037 
4038 
4039 
4040 
4041 
4042 
4043 
4044 
4045 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 
4054 
4055 
4056 
4057 
4059 
4060 
4061 
4062 
4063 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
4076 
4077 
40713 
4081 
4082 
4091, 
4006 
4089 
4093 
4094 
4095 
4096 
4097 
4098 
4099 
4160 
4161 
4162 
4163 
4174 
4175 
4194 
4408 
4409 
4410 
4411 

es --
32 
48 
se 
42 
61 
70 

20 
46 
19 
130 
38 
58 
77 
50 
170 
125 
165 
195 
95 
275 
115 
110 
290 
59 
78 
60 
70 
es 
170 
75 
74 
55 
30 
30 
71 
78 
78 
125 
125 
120 
1915 
480 
90 

1225 
995 
99 
36 
399 
22 
20 
ze 
20 
zo 
zo 
20 
SO 
26 
26 
26 
21 
es 
70 
140 
43 
168 
90 
90 
320 
se 
95 
95 
99 
99 
99 

99  
105 
106 
790 
790 
725 
915 

4412  800 
4415  480 
4419  280 
4422  770 
4433  770 
4435  850 
4440  999 
4450  350 
4451  350 
4490  350 
4500  675 
4501  28 
4502  90 
4503  50 
4504  105 
4506  55 
4507  ao 
4508  265 
4510  se 
4511  68 
4512  75 

LINEAR ICs 
2102 2  225 
7114  175 
2708  250 
2716  275 
4116  140 
6502  525 
6522  570 
6800  375 
709C 8 Pn.  35 
710  48 
733  75 
741 8 pin  14 
747C  78 
7480  36 
753  150 
610  159 
811595  135 
811596  135 
611.597  140 
940007  350 
871 0212 675 
AY-1.1313A M 
AY.I.1320 225 
AY-1.5050  99 
AY-1.5051 160 
AY-3.8500 390 
AY•3-8910 720 
AY-5-12248235 
AYA-1230 450 
CA3018  68 
CA3020  186 
CA3023  191 
CA3028A  80 
CA3035  235 
CA3045  365 
CA3046  70 
CA3048  214 
CA3059  195 
CA3080E  65 
CA3081  190 
CA3085  95 
CA.30896  215 
CA3090A0 375 
CA31236  150 
CA3130  90 
CA3140  44 
CA3189  295 
L7106E  799 
L7107  975 
L8038CC 340 
M7205 1150 
M7216A 1950 
01672178 790 
M7555  80 

LA4032  295 
LC7130  495 
10130  452 
16351  4e 
LF355  75 
LF356  es 

DIAC 
, .  25 

TRIACS 
31100V 011 
3A200V 54 
3/400V 60 
84.10 09 SO 
8A400V 99 
1118004 118 
126100V 79 
12/400V 112 
124800V 136 
184100V 103 
161500V 116 
2 611100V 220 
2541000V 

490 
1280030 120 

TRANSIST 

ACI25  24 
AC126/7  36 
AC128  a 
AC141/2  20 
AC142  30 
AC176/167  21 
00188  30 
ACY17/18  70 
ACY20/21  75 
60822  60 
4.0140  120 
A0149  74 
A0161 
10162 
AF115 
M139 
AF I 78 
AF160/66 
66239 
BC107/8  10 
8C10811  12 
BC108C  12 
BC109  10 
8C1098  12 
BC109C  12 
BC117  24 
BC119  38 
BC137  40 
BC140/3  30 
BC147 
BC 148  11 
BC149 
BC153/4  27 
BC167/8  10 
BC159  11 
BC160  46 
8C1671  10 
BC168C  10 
90169C  10 
90170 II 
BC171/2  11 
BC177/8 
BC179  20 
80192  10 
8C1821  10 
8(183  10 
BC183I  10 
BC184  10 
BC1841.  10 
BC187  24 
sc217  10 
BC7171  10 
BC213  10 
13(7131  10 
BC114  10 

42 
42 
So 
40 
74 
70 
74 

ORS 
8(1140  10 
8(3078  54 
60328  00 
13C338 II 
BC41 I  se 
8(461  56 
BC4 77  40 
110516/7  40 
BC547/5 14 
80549  14 
BC556  15 
BC557/8  15 
8C559  15 
FIC970  16 
BCY7I  15 
8(477  20 
90131/2  44 
80133  $O 
80/35  45 
130136/7  40 
611)138/9  40 
110140  40 
806951  89 
906966  85 
80v17  195 
130960  160 
80961  160 
E11115  35 
610167  21 
616173  27 
81177  26 
8E178  30 
80179  55 
81180  se 
8E194/5  IS 
6E196/7  IS 
86198  14 
10100  30 
86224A  29 
8E244  20 
86256  as 
BF257/9  32 
6E259  36 
1365.91/5 II 
BFR39/40  23 
80941  za 
BM 79  23 
BFR80/61  25 
86179  28 
136161  46 
E11084  26 
BFAo3/66  28 
BFX87/98  26 
BFY50/51  23 
51952  23 
139039  40_ 

BSX20 
65865 
8099 50 
111J105 
6U205 
8U208 
E113 
0116 
6421  28181 
11J2955  10 
MJE340  Si 
MJE370  100 
517E371  100 
MJE520/521 
1.1.101955  99 
AAJE3055  70 
16P0102  a 34 1660103 
1666104 
1666105  PF105 
MPF106  40 
IMS405/06 29 
MPSAI2 
114P5A55  30 
MPSA513  3111 
AIPSUOIS  M 
IVIPSUS6  00 
0(28  120 
0035  124 
0E36  120 
0C41/42  120 
0C44  120 
0C45  40 
0(70  40 
0071  40 
OC 72  40 
0076  so 
0081  so 
0(82  SO 
0(83  40 
0E84  so 
0C170/71  85 
11679  34 
TIP79C  60 
11630  43 
T4.30c  53 
TIP316  45 
116310  55 
N9321  41 
11937C  60 
116334  69 
',613C  71 
'.0 144  14 
-P34C  U 
,P35.11  160 
iiP3SC  185 
116364  170 
TiP36C  110 _ 

So-
n 
26 
170 
190 
200 
46 
SO 

111141A  96 - 
T1P4113  SO 
.T11142A  60 
1164713  79 
416120  so 
TIPI21  109 
116122  IS 
7111142  130, 
116147  120 
1162955 50 
1163055  60 
11543  22 
11544  46 
115881  10 
TI590  ao 
11591  32 
ZTX107/8  11 
ITX109  12 
114300  13 
2111301/2  16 
110303  zs 
213304  17 
215314  21 
110326  30 
zrxsal  30 
ZTX500  14 
ZTX501/2  16 
ZTX503  11 
100504  zs 
115531  zs 
ZTX550  zs 
29526  se 
25696  30 
214697  23 
25698  40 
761699  44 
25706/8  19 
25918  as 
251930  20 
75961  55 
2141131/2  24 
251304  65 
7141305  60 
214167113  120 
.N2160  390 
'421194  ZS 
'.'2204  23 

25 
26423684.  18  
292476  50 
297483  27 
252497  63 
252646  45 
292894  30 
792904  28 
2142905A  26 
2642106/7  26 
71429260  10 

7N3(.'  26 
264 3054  58 
7143055  46 
2613121  30 
253133  45 
2113135  30 
253252  46 
253442  140 
253568  25 
253663  IS 
7913702/3  10 
2143704/5  10 
293706/7  10 
2913708/9  10 
293710/11  10 
253713  140 
2143771  171 
2143772  195 
7613773  270 
2143819  22 
2143870  45 
2643822/3  64 
7613866  90 
2143903/4  18 
2613905  IS 
2743906  17 
2144017  44 
254058  10 
2644061/2  10 
754069  49 
254859  75 
7114871  55 
2N5135/6  20 
255138  18 
255779  IS 
255180  45 
2615191  75' 
7645305  24 
1145457  36 
2645458  36 
255459  36 
255485  36 
2145777  45 
7416077  32 
264715  60 
20(495  70 
25C496  70 
2501096  15 
2501173  125 
2501306  150 
2SC1307  220 
20C1449  85 
2501923  50 
2501945  225 
2501963 
75C1957 
25C1969  198 
2502028  35 

90 
90 

LM30001%  17 N 
LM301A  26 
116308  95 
116318  200 
LM324  50 
116339  68 
1114348  90 
116349  115 
116358  50 
116379  375 
116380  80 
LM381  145 
LM382  125 
LM384  99 
116386  99 
LM387  120 
11211458  45 
1162917  195 
1163900  60 
LM3909N  70 
1163911  125 
1163914  220 
1163915  220 
LM3916  240 
M252  625 
M253AA  1150 
MC1304P  260 
MC1310  150 
MC1455  150 
MCI458  45 
6401488  75 
MC1489  75 
MC1494  694 
MC1495  350 
MC1496  92 
MC1648  290 
MC1709G  90 
MC1710  79 
MC3340P  120 
FAC3360'  120 
MC3401  52 
MC3403  89 
MFC604.0  97 
114650398  635 
MM5303  635 
MA45307 1275 
146543  210 
14E544  185 
146555  17 
5E556  55 
NE 560  325 
NE561  398 
146562  110 
146564  435 
NE565  120 
146566  150 
NE567  170 
NE570  450 
NE571  420 
RC4136  99 
55666  245 
SAB3209  425 
SAB3210  275 
SA63271  435 
SN76003  240 
SN76013  170 
SN76023  170 
SN76033  195 
SN76477  175 
SP13629  299 
TAA621  250 
TA7205A  225 
TAD100  159 
TBA120  70 
188641  250 
TBA800  90 
19.5810  95 
TBA820  70 
TCA965  120 
TDA1004  290 
TDA1008  310 
TOA1022  575 
TDA1024  105 
T081490  290 
TDA2020  320 
11061  46 
11063  95 
TL0710P  45 
11074  140 
11081  12 
TLO82  70 
11083  95 
61084  120 
UAA170  170 
UAA180  170 
XR2206  350 
X132211  575 
280  780 
2808  899 
Z8OACTC  550 
ZEIOCTC  595 
2801'10  575 
280APIG  550 
251034E  200 
ZN 10406  685 
261414  95 
Z54246  130 
25425E  415 
Z54266  325 
15427  625 
Z5428  478 
ZI4429  210 

2502029  180 
2502078  155 
2502091  85 
2SC2314  85 
20(2166  165 
2501679  190 
15118  112 
314140  112 
40311  GO 
40313  130 
40316 
4031 7 
40324  100 
40326  60 
40327  70 
40348  120 
40360  40 
40361/2  40 
40407  60 
4040S  70 
40411  285 
40412  65 
40467  130 
40468  65 
40594  105 
40595  110 
40603  110 
40616  175 / 
aobli  95 

es 
eo 
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• Project 

Electronic 
ELECTR 
IGNITION 

THE CONVENTIONAL CAR ignition 
system has remained virtually 
unchanged since the early days of 
motoring. It was, in fact, invented by 
Charles Kettering about 60 years ago. 
The system uses a transformer (known 
as a coil), a contact breaker (the points) 
and a capacitor (sometimes called a 
condensor). 
A typical Kettering type of ignition 

circuit is shown in Fig.2. The coil, 
points and capacitor are all shown and 
the whole system operates in the 
following way: 

• As the ignition switch is operated, 
current is applied simultaneously to the 
coii and to the starter motor. The 
starter motor turns the engine, which 
turns the rotor cam in the distributor, 
opening and closing the points. 
• When the points are closed, current 
builds up in the coil, reaching a 

An easily-built Veroboard project which can 
give advantages of better, more reliable engine 
starting, particularly in damp weather, and more 

consistent performance for many thousands of miles. 
Circuit design by Des Armstrong, who has driven over 

100,000 miles in his car with the prototype fitted 

maximum of 4 A after about 4 ms. The 
current then remains steady. 
• After the cam turns far enough to 
push open the points, the circuit is 
broken. A voltage V is generated which 
is given by the basic coil formula: 

V = It, 
where I is the inductance of the coil 

in henries (see Famous Names this 
month!) and t is the rate of change of 
current in seconds. This voltage at the 
primary of the coil induces a much 
higher voltage at the secondary (it's a 
'step-up' transformer) which is applied 
to the spark plug in the engine. A fast 
break of the points thus gives (in 
theory, at least) an infinite voltage at 
the primary. However, in practice an 
arc (spark) occurs at the points and the 
voltage is limited. 
• The capacitor fitted across the 
points limits the rise of voltage, thus 
preventing too great an arc at the 
points gap. The value of this capacitor 
is chosen to give a compromise 
between the amount of energy at the 
spark plug and the amount of energy at 
the points. (Remember that too much 
energy at the points causes a lot of 

arcing which will burn the points out 
quickly.) 

Why Electronic? 
As we've said, the Kettering system 
has been around for some time and has 
consequently been refined to a very 
high standard. But two major 
weaknesses are still inherent and are 
difficult to eliminate in such a 
mechanical system. These are: contact 
breaker points bounce at high engine 
speeds, and wear of the points — due 
to high currents through them and 
arcing across them. 
Some electronic ignition systems 

use solid-state devices to provide 
switching thus doing away entirely 
with the points. But there is little need 
to do this because we can both prevent 
wear and eliminate the effects of points 
bounce electronically, by good design. 
To this end, the HE Electronic 

Ignition system maintains the use of 
the car's contact breaker points. The 
points will, with its use, be subject only 
to mechanical wear and will need 
changing much less often. A further 
benefit of retaining the points is their 
use when timing the engine — they can 
be, in fact, more accurate than many 
other methods, such as optical or 
reluctance sensing. 

01 
220R 
1 W 
(SEE TEXT) 

TO CONTACT 
BREAKER POINTS 

0 V 

0  

Figure 1. Circuit of the HE Electronic Ignition project 

R2 
680 
W 

R4 
1000 

R3 
180 
10 W 
WIRE WOUND 

01 

Dl 

NOTE: 
01 IS 130132 
02 IS BUX80 
D1 IS BYW54 
D2 IS BYW95B 
ZD1-5 ARE 75 V, 400 mW 
ZENER 

02 
MOUNTED 0 
ON CASE 

ZD1 

ZD2 

ZD3 

ZD4 

ZD5 

02 

c, 
1n0 
1000 V 

C2 
22n 
1000 V 

 II 

+12 V 

TO COIL 

I  05 ed 6 
1200 
2.5 W 
WIRE WOUND 
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IGNITION SWITCH 

BALLAST 
RESISTOR 
(IF USED) 

CONTACT BREAKER 
POINTS IN DISTRIBUTOR 

Construction 
First, cut the Veroboard to exactly 

21 strips by 31 holes. Cut and 
carefully file out the two corners of the 
board so that it fits into the case, flush 
to one side. Now drill the board and the 
case to fit 1/2 " PCB mounting pillars — 
remember that the Veroboard is to be 
mounted 'upside down' ie, copper side 
facing up — then remove the board. 

Parts List 
RESISTORS 
R1  22OR 1 W 
R2  68R Y2 W 
R3  18R lo w wirewound 
R4  100R 1/2 W 
R5,6  12OR 2.5 W wirewound 

CAPACITORS 
Cl  1n0, 1000 V mixed dielec-

tric 
C2  22n, 1000 V mixed dielec-

tric 

SEMICONDUCTORS 
01  BD132 PNP transistor 
Q2  BUX80 NPN power transistor 
D1  BY W54 diode 
D2  BY W95B diode 
ZD1-5  75 V. 400 m W zener diode 

MISCELLANEOUS 
Case, diecast aluminium (114 mm x 64 
mm x 30 mm) 
Veroboard, 21 strips x 31 holes, 0.1" 
matrix 
3 x 1/2 " PCB mounting pillars 
Fixing kits for 01 and 02 transistors 
Hardware, nuts, bolts, solder tag, 
washers, self-tapping screws 
%  rubber grommet 
Y. " rubber grommet 
Cable tie 

SPARK PLUG 

IGNITION 
COIL 

Figure 2. The standard (Kettering) ignition 
circuit 

Now, mark and drill the case to fit 
transistor Ql. The transistor must be 
bolted on with a mica insulating washer 
between it and the case, so that when 
the Veroboard is put in again the three 
transistor leads fit into the board, as 
you can see in Fig.3. The metal tab Ion 
one of its faces) must be towards the 
case side. 
Using the mica insulating washer for 

02 as a guide, mark and drill the case 

Figure 3. View of the project as the circuit 
board fits into the case. Note how the three 
leads of transistor Q1 fit into the board, and 
how the left-hand lead from resistor R3 
comes out from underneath 

to fit the power transistor. Make sure 
you drill the case and mount the 
transistor the right way round as 
shown in Fig.4. Bolt the transistor to 
the case as shown in Fig.5, preferably 
smearing both sides of the mica washer 
with a small amount of heatsink 
compound to aid heat conduction. 
Next mark and drill the case for the 

%" grommet hole (in the side), and the 
two 14" grommet holes and mounting 

How It Works 
The HE Electronic Ignition can be simply thought of as an electronic 
power switch. The car's contact breaker points are used only to turn the 
power switch on and off — they no longer switch heavy currents to the 
primary winding of the coil. 

PRIMARY 
OF COIL 

CONTACT BREAKER 
POINTS USED ONLY 
TO OPERATE 
ELECTRONIC POWER 
SWITCH 

02 V 

Resistor R1 provides u current of about 
60 mA through the points when they are 
closed. This current is necessary to en-
sure that any tarnishing or oil droplets on 
the contacts do not cause a problem. 

Transistor Q1 provides an inversion 
of the pulse from the points, and the out-
put from its collector drives the output 
transistor Q2. Resistor R2 limits the 
base current of Ql. 

Transistor 02 is easily capable of 
handling the 4 A or so of current which 
passes through it from the coil and it has 
a voltage rating of 400 V. It is therefore 
well suited to this application. Never-
theless, to make certain the transistor 
cannot be damaged by high voltege 
spikes, zener protection is included. 
Zener diodes ZD1 5 in series give a total 
zener protection voltage of 375 V (5 x 
75 V). 

Under certain conditions 'ringing' 
occurs (the voltage at the coil oscillates, 
first positive then negative). Diode D1 is 
included to short out this voltage when 
negative. 

Diode 02 and resistor R5 cope with 
situations of points bounce which can 
cause problems, in the Kettering 
system, at high engine speeds 
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U Project 

TRANSISTOR 01 SHOULD BE BOLTED 

r
TO THE INSIDE OF THE CASE BEFORE 
INSERTING THE VEROBOARD 

NOTE HOW TWO TRACKS ARE 
SOLDERED TOGETHER 

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 O 0 

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 

• 0 0  0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 O 0 

• 0 0 0 0 0 0 0 0 0 0 • 0 0 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 

• 0 0 0 • 0  0 0 • 0 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 

p  0 0 0 0 0 0 0 0 • 0 0 • 0 • 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 

O  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

N  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

M  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

O 0 0 0 0  0 0 0 0 0 0 0 

K  0 0 0  0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

J  0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 

I  0 0 0 0 0 0 0 0  0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

G  0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

O  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

A 

0 
o 

O 0 0 

O 0 0 

00 0 0 0 0 0 0 0 0 0 0 0 0 0 0  O 0 

O 0 0 

O 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 • 0 • 0 0 0 • 0 0 O 0 0 

O 0 0 

O 0 0 0 0  0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 

.1-

O 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 • 0 • 0 0 0 0 0 0 0 0 0 0 

O 0 0 

O 0 0 0 

O 0 0 0 0 0 O 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 

TI 
R3 

•  ••••,, 

EMITTER  RASE 

TRANSISTOR 02 
0 0  0  MOUNTED ON 

O 0 0 0 0 • O 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 • O 0 0 0 OUTSIDE OF 
CASE 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 77 28 29 30 31 

SOLDER TAG 

holes for resistor R3 (in the top). Push 
all grommets into position. 
Solder 4" lengths of cable (thick 

enough to carry at least 4 A of current) 
to each end of R3 so that when it is 
finally bolted to the case the two 
pieces of cable go vertically down 
through the grommet holes. Cover 
these connections with 1" lengths of 
heat-shrink or push-fit sleeving to 
provide insulation. 
Mark and drill the case to fit the 

transistor cover over 02. Use self-
tapping screws to fasten it down. 
Now make up the Veroboard, 

carefully following the layout diagram 
in Fig.6. Track breaks can be made 
using a cutting tool or a small (about 
'/8 " ) hand-held drill bit. Make sure no 
swarf lies across adjacent tracks, 
forming unwanted short circuits. 

Figure 5. Ho w to 

fasten transistor Q2 

onto the case. If you 

have any, smear a 

small amount of 

heatsink co mpound 

onto both sides of the 

insulating washer to 

aid heat conduction 

Resistors R1,2,5, and 6 should be 
mounted in position about '/8 " above 
the level of the board, to allow air to 
circulate. These resistors will get warm 
when the project is in operation, but 
this precaution will prevent damage 
occurring due to heat build-up. 
Enlarge the two holes, where diode 

D2 goes into the board, using a 1.5 
mm drill. Now fit D2 making sure it is 
the correct way round. 
Insert and solder all other 

components and the link, as shown in 
Fig.6. 
Position the board upside down (ie, 

copper side up) so that three leads of 
01 fit into the correct holes of the 
board and then screw the board down 
onto the PCB pillars, making sure the 
left-hand lead of resistor R3 (the 
resistor on the outside of the case) 

SCRE W 

POWER TRANSISTOR 

MICA INSULATING 
W ASHER 

CASE 

INSULATING BUSH 

  WASHER 

4 1/4 111   SOLDER TAG 

HEX NUT 

goes between the corner of the board 
and the case. You can see this stage in 
the photograph of Fig.3. 
Now solder transistor 01 to the 

board and cut off any excess leads. 
Following the internal connection 

diagram in Fig.4 first solder resistor 
R3's two leads to the board. 
Connect the emitter and base of Q2 

to the board using (at least) 4 A cable. 
Put heat-shrink sleeving over the 
connections at the transistor end to 
provide insulation. 
Now using 4 A cable, connect the 

solder tag (which is Q2's collector 
connection) to the board. 
Finally, solder four adequate lengths 

of 4 A cable to the board according to 
Fig.4. These leads should go through 
the 3/8" grommet and should be colour-
coded or marked so you know which is 
which. Our colour code is shown in 
Fig.4 but you needn't use the same as 
long as you know the difference. 
Tightly fasten a cable tie around the 

four leads to prevent them from being 
accidentally pulled out. 
Screw on the case bottom. Your 

project is now complete. 

Installation 
Figure 7 shows how the original 
Kettering system of a car is adapted 
using the HE Electronic Ignition. 
Comparing this with Fig.2 you will note 
the insertion of our system in the low 
tension lead, between the points (in the 
distributor) and the negative side of the 
coil. The capacitor has also been 
removed from across the points. 
Mechanical installation of our circuit 

is left to the builder as this will depend 
on the car on which the system is to be 
fitted. 
Electrical installation is as follows: 
1. Disconnect the low tension lead 

12  Hobby Electronics, August 1981 



Electric Ignition • 

EMITTER 

3/8" RUBBER 
GROMMET 

C-

TO POINTS (GREEN) 

TO CAR CHASSIS (BLACK) 

TO +V TERMINAL 
OF COIL (RED) 

TO -V TERMINAL 
OF COIL (BLUE) 

Figure 4. Connection details of the project 
also showing the underside component 
locations and track breaks of the 
Veroboard. Follow our colour code where 
indicated so you know which lead is which. 
Also shown (right) is a leadout diagram of 
transistor 02. From this you can see that 
the transistor's case is its collector 
connection. It must therefore be isolated 
from the metal case of the project with a 
mica insulating washer as shown in Fig.5 

+12 V  IGNITION SWITCH 

GREEN 

ORIGINAL CONTACT 
BREAKER POINTS IN 
DISTRIBUTOR 

BALLAST 
RESISTOR 
(IF USED) 

BLACK 

SPARK PLUG 

IGNITION 
COIL 

Figure 7. How the HE Electronic Ignition fits into the standard Kettering Ignition circuit. The 
lead colours shown are those adopted in Fig.4. If you use a different colour code when wiring 
up your project simply change the suggested colours in this diagram to your own 

1 2 3 4  5  6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2627 28 29 30 31 

A  0  0 0 

B 

c  6 
D 0 

+ 
E  0 

F  0  ZD5 l i 

G  0  ZD4 Z pi 

H  0  0  ZD3  i+  

ZD2  1 0 

J  0 

K  0 

L 0 

M 0 

N 0 

O 0 
p  0 

0 

R 0 

S  0 

0 

0 0  0 

ZD1 

0 0  0  0 0  0 0 0 0 0c. 0 0 o 

C2 

0 
6 

R2 

D2 

R1 

0 0  0• 0 0 0 0 0 

0  0  

0 

0 
0 

0 0 0  0 0 0 0 0 

0 

0 

0o 00 0 0 o 00 0 

0 

BASE 

TRANSISTOR 02 
(MAKE SURE YOU FIT 
IT THE RIGHT WAY UP) 

CASE IS COLLECTOR 

(from distributor to coil) from the coil 
and fasten this to the green lead of 
the electronic ignition. 
2. Connect the blue lead from the 
electronic ignition to the coil (where 
the low tension lead came from ie, the 
negative coil terminal). 
3. Connect the red lead from the 
electronic ignition to the other low 
tension terminal of the coil (the 
positive terminal). Do not disconnect 
the lead which is already connected, 
though. 
4. Connect the black lead of the 
electronic ignition to a good earth — 
preferably somewhere on the engine 
block or directly to the negative 
terminal of the battery. 
Now you can try starting your car. It 

should run without any problem. After 
satisfying yourself that everything is 
OK, stop the engine and then remove 
the capacitor from the distributor. 
You now have a complete and 

working electronic ignition system in 
your car. 

Buylines 
Technomatic Ltd, who advertise in HE, 
are producing a full kit of parts for this 
project including case, insulating 
washers and Veroboard. The price is 
£18.50 including VAT, for callers. 
Mail-order customers please add 

70p to cover p&p. 

HE 

BEBSUES X 

(. rn A UITLE O1WM koirr  IS 
I a W41411+14 SYST-EM FOR YncrialkisTs - THE 
Pces UST INCLUtES A MASS 010K1KEY 
At•J 4 MR  ImPAcr SENSORt, 1! 

Figure 6. Veroboard layout of the project. 
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TTLs by TEXAS 
7400  llp 
7401  129 
'402  129 
7403  14p 
2404  14p 
7405 
1406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
74C14 
7416 
7417 
7420 
7421 
7422 
1423 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
1437 
7438 
7440 
7441 
7442A 
7443 
7444 
'445 
74464 
7442A 
7446 
1450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
7482 
7483A 
7484 
7485 
7486 
7489 
74904 
7491 
7492A 
74934 
7494 
74954 
7496 
7497 
74100 
74107 
74109 
74116 
74118 
74119 
74120 
74121 
74122 
74123 
74125 
74126 
74128 
74132 
74136 
74141 
74142 
74145 
74147 
74148 
74150 
74151A 
74153 
74154 
74155 
74156 
74157 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74167 
74170 
74172 
74173 
74174 
74175 
74176 
74177 
74178 
74180 
74181 
74182 
741844 
74185 
24188 
74188 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
74221 
74251 
74259 
74278 
74279 
74283 
74284 
74285 
74290 
74293 
74298 
74365 
74366 

90p  4001 
90p  4002 
90p  4006 
95p  4007 
70p  4008 
80p  4009 
120p  4010 
120p  4011 
90p  4012 
1009  4013 
120p  4014 
200p  4015 
1109  4016 
140p  4017 
250p  4018  70p 
250p  4019  459 
100p  4020  65p 
100p  4021  75p 
100p  4022  700p 
60p  4023  20p 
80p  4024  40p 

14  7  60 P  4025  20p 
74368  800  4026  130p 
74390  1009  4027  40p 
74393  1209  4028  60p 
74490  1509  4029  75p 

4030  40p 
199  74LS SERIES  4031  170p 
30p  741500  14p  4034  200p 
30p  741502  149  4035  1109 
18p  741003  189  4036  295p 
16p  741504  18p  4039  295p 
15p  741505  20p  4040  60p 
20p  741508  20p  4041  130p 
299  741.509  20p  4042  65p 
2Sp  741.010  209  4043  75p 
35p  741011  399  4044  70p 
90p  741513  30p  4046  813p 
27p  741014  50p  4047  75p 
27p  741520  209  4048  55p 
17p  741021  30p  4049  30p 
309  741527  30p  4050  30p 
22p  741530  20p  4051  65p 
25p  741532  27p  4052  80p 
30p  741.037  30p  4053  65p 
30p  741_038  30p  .1054  130p 
299  741542  699  4055  1259 
30p  741547  60p  4056  120p 
17p  741551  24p  4059  500p 
30p  741555  30p  4060  90p 
30p  741573  30p  4063  100p 
30p  741574  27p  4066  35p 
30p  741575  36p  4067  400p 
17p  741576  36p  4068  180 
70p  741583  70p  4069  20p 
50p  741585  80p  4070  399 
1129  741586  36p  4071  25p 
1129  741590  40p  4072  25p 
80p  74/592  70p  4073  250 
93p  741593  50p  4075  25p 
130p  741596  110p  4076  60p 
70p  7415107  45p  4081  22p 
17p  7415109  60p  4082  27p 
17p  7410112  40p  4086  72p 
17p  7410113  45p  4089  150p 
17p  7415114  45p  4093  45p 
17p  7415122  70p  4094  200p 
36p  7410123  60p  4095  95p 
30p  7410124  1809  4096  95p 
32p  7410125  50p  4097  340p 
30p  7410126  50p  4098  909 
399  7410132  60p  4099  1209 
32p  7410133  30p  40100  220p 
50p  7415136  45p  40101  1329 
10 99  7415138  55p  40102  1809 
Up  7415139  55p  40103  180p 
60p  7410145  1209  40104  99p 
10 99  7415147  1609  40105  120p 
1109  7410148  1409  40106  50p 
30p  7415151  70p  40107  60p 
21 99  7410153  609  40108  070p 
309  7410154  200P  40109  100p 
60p  7415155  50P  • 40110  3009 
499  7415156  50P  40114  2500 
399  74LS157  50p  4502  909 
7Sp  74LS158  60 P  4503  50p 
60p  7415160  75P  4507  45p 
50p  7415161  759  4508  2009 
18 99  7410162  909  4510  70p 
100p  7415163  60P  4511  frOp 
349  7410164  70P  4512  80p 
40p  7415165  10017 4514  200p 
1009  7415166  120p  4515  2009 
100p  7410170  1209  4516  75p 
100p  7415173  11 99  4518  70p 
1109  7415174  00p  4520  80p 
349  741_0175  70p  4521  200p 
489  7415181  200p  4526  90p 
60p  7410190  789  4527  150p 
699  7415191  7Sp  4528  80p 
60p  7415192  75p  4532  110p 
60p  7415193  ISp  4534  500p 
60p  7415195  75p  4536  300p 
60p  7415196  75p  4538  120p 
75p  7415197  90p  4543  140p 
200p  7415721  90p  4553  3209 
90p  7415240  120p  4556  60p 
12 99  7415241  1209  4560  1809 
100p  7415242  90p  4569  180p 
120p  7415743  90p  4572  30p 
50p  7415244  100p  4583  100p 
50p  7415245  1209  4584  50p 
90p  7410247  140p  4585  100p 
60p  7415751  75p  4724  150p 
60p  7415253  75p  40097  90p 
60p  /415757  75p  14411  700p 
120p  7415258  75p  14412  900p 
70p  7415259  1DOp  14433  1100p 
70p  7415266  100p  14500  700p 
lop  7415273  120p  14599  790p 
70p  7410279  55p 
90p  7415283  75p 
999  7410298  160p 
90p  7410323  250p 
200p  7410324  150p 
200p  7415348  200p 
300p  7415365  48p 
90p  7415367  50p 
75p  7415368  50p 
75p  7415373  120p 
70p  7415374  120p 
90p  7415375  60p 
100p  7410377  100p 
80p  7410378  80p 
160p  7415390  90p 
90p  7415393  909 
120p  7410399  2009 
120p  7415445  140p 
500p  7415670  2259 
325p 
90p  4000 SERIES 
90p  4000  159 

18p 
209 
70p 
20p 
70p 
40p 
40p 
16p 
25p 
359 
75p 
70p 
35p 
50p 

INTERFACE IC, 
413536.4  £13 
AD561J 1400p 
407524  600p 
DM8131  375p 
DP8304  450p 
058835  250p 
058836  1509 
DS8838  225p 
MC1488  65p 
MCI489  65p 
MC3446  300p 
MC3480  850p 
25010  350p 
58174  £12 
75107  160p 
75110  160p 
75114  160p 
75150  175p 
75154  175p 
75182  230p 
75324  375p 
75361  150p 
75363  150p 
75365  150p 
75451 2  72p 
75491/2  70p 
8176  160p 
8728  160p 
8195  180p 
8797  160p 
811595  1209 
811596  140p 
811597  1209 
811598  140p 
9607  220p 

93 SERIES  746 SERIES  7451 14 120p 
9301  1609  74500  809  745124 300p 
9302  11 99  74504  60p  745132 160p 
9308  3169  74505  75p  745133  75p 
9310  275p  74508  7Sp  745138 225p 
9311  275p  74010  60p  745139 225p 
9312  1609  74520  80p  745157 250p 
9314  1659  74530  60p  745163 300p 
9316  225p  74532  90p  740174 250p 
9321  225p  74537  90p  740175 320p 
9322  1509  74564  60p  745194 350p 
9334  360p  74574  90p  745241 450p 
9368  2500  74585  30 99  745260  70p 
9370  300p  74086  180p  740373 500p 
9374  20017  7451 2 1209  745374 500p 

UNEAR IC. 
AY1 0212  600p 
AY1 1313  668p 
AY1 1320  320p 
AY1-5050  14(lp 
673 -1270  840p 
673-8910.  750p 
673 8912  650p 
AY5 4007D  520p 
CA3046  70p 
C43048  225p 
CA30806  72p 
CA3086  48p 
CA3089E  225p 
CA309060  375p 
C63130E  90p 
CA3140E  50p 
CA3160E  100p 
CA31616  140p 
C631626  450p 
CA3189E  300p 
CA3280  160p 
DAC1408 8  2009 
561388  2609 
ICL7106  850p 
1C18038  300p 
ICM7555  80p 
LF1331  309 
1E351  48p 
LF 356P  95p 
1M10C  425p 
LM3014  27p 
LM311  70p 
LM318  200p 
LM319  225p 
LM324  45p 
1M339  75p 
LM348  95p 
LM358P  50p 
LM377  175p 
LM380  75p 
LM38IAN  1809 
1M386  95p 
LM393  100p 
1M709  36p 
L.M710  50p 
110725  3509 
LM733  100p 
LM741  18p 
LM747  70p 
1M748  35p 
LM2917  250p 
1M3302  100p 
L M3900  70p 
LM3909  70p 
LM3911  130p 
1M3914  225p 
1M3915  225p 
LM3916  225p 
LM13600  125p 
MB3712  200p 

VOLTAGE REGULATORS  VP  —1 
CPUs Fixed PIastk 70.220  7905  60p 
1600  1200p 

IA  .ve  7912  60p  1802CE  750P 
50  7805  5Sp  7915  60p 
125  7817  55p  7918  70p  26506  £16 
15V  7815  55p  7924  70p  6502  500p 
186  7818  5Sp  79105  70p  6800  370p 
24V  7824  55p  79117  709 6802  550p 
100,,,A  TO 91  79115  70p  6809  f 16 
5V  78105 309  80806  450p 
I2V  78112 30p  80854  550p 
15V  78115 30p  11450060  1000p 

TM599804  £20 
OTHER REGULATORS 781-1GKC  600p  zoo  450p 
1M3091(  135p 781-105KC  55 °P  2506  5509 
1M3177  20013 78MGT2C  135p I  EPROM, 
LM323K  500p 79HGKC  600p I  1702A  500p 
LM723  37p 71497  300p  7708  350p 

2716 i . 5V , 5009 
OPT OELECTRONICS 
214 5777  45p  00960  120p  M  750p 

MOP OCP71  1800  08961  1209 
SUPPORT ORP12  120p  71178  55p 
DEVICES 

OPTO-ISOLATORS  3242  800p 
11074  130p  711111  909  3245  450p 
MCT26  100p  111112  90p  6522  500p 
MCS2400  190p  711116  90p  6532  5259 

6820  375p 
LEDS  0.2' '  6821  180p 
0 125  TIL270 Red  16p  6845  (10 
11132  55P  111222 Gr  1817  6850  180p 
111209 Red  13p  111228 Red  22p  6852  3700 
111211 Gr  20p  Rectangular  6875  6009 
111212 Ye  25p  LEDs IR. G. 41  30p  8154  950p 
111216 Red  18p  14085881  570p  8155  5009 

T11311  6009  - 8205  320p 
DISPLAYS  111312/3  110p  8212  200p 
3015F  200p  111321/2  1309  8216  200p 
01704  140p  111330  140p  8224  250p 
D1707 Red  140p  7750/60  2U0p  8226  250p 

END357  120p  DRIVERS  8228  250p 
END500  110p  93613  250p  8251  400p 
F140507  110p  9370 300p  8253  800p 
MAN 3640  175p  UDN6118  320p  8255  400p 
M6144640  200p  UDN6 184 320p  13257  800p 

  8259  800p 

MC1310P  150p 
MC1458  48p 
MC14951_  350p 
MC1496  70p 
MC3340P  120p 
MC3403  90p 
MM57160  620p 
NE531  150p 
NE555  20p 
NE556  70p 
14E564  420p 
146565  130p 
N(566  155p 
NE567  140p 
14E571  425p 
14E55346  250p 
911026  5009 
55668  270p 
56D10246  1250p 
SFF96364  8009 
01490  400p 
51476477  175p 
596515  750p 
TA 7120  200p 
TA7204  250p 
TA7205  250p 
TA7222  200p 
TA7310  200p 
TAA62I  275p 
156541911  300p 
TEI665 1 200p 
156800  90p 
1BA810  100p 
TBA820  90p 
TBA950  3009 
TC6220  350p 
TC6940  17513 
TDA1004  3009 
TDA1008  320p 
TDA1010  225p 
1061022  570p 
1061024  120p 
10610345  2509 
10A1170  3009 
TDA2002V  325p 
TDA2020  3209 
11071/81  45p 
11072/82  75p 
11074  130p 
11084  1109 
71170  SOp 
UA4170  175p 
U1142003  100p 
UPC1156H  300p 
)(52206  300p 
214414  90p 
714419C  225p 
254424E  135p 
2144256  350p 
7144276  650p 
2141034  2009 

7— TRANSISTORS 
AC126  25p 
AC127/8  20p 
AC176  25p 
AC187/8  25p 
46116  50p 
60149  70p 
AD161/2  45p 
AU107  200p 
BC107/8  11p 
BC109  Ilp 
BC1I7  20p 
BC14713  09 
BC149  10p 
BC157/8  10p 
BC159  1 1p 
BC169C  129 
BC172  12p 
BC177/8  17p 
BC179  18p 
BC182/3  10p 
BC184  11p 
BC187  30p 
BC212/3  11p 
BC214  12p 
BC237  159 
BC327  16p 
8C337  184, 
BC338  16p 
8C461  36p 
BC477/8  30p 
EIC516/7  40p 
BC5476  16p 
13C548C  9p 
BC549C  18p 
BC55713  16p 
BC559C  16p 
BCY70  18p 
BCY71/2  22p 
8D131/2  50p 
BDI35/6  54p 
BD139  56p 
BD140  60p 
E10189  60p 
130232  95p 
50233  75p 
80235  135p 
130241  70p 
130242  70p 
80756  200p 
BF200  32p 
B92448  35p 
BF256B  70p 
13E257/8  32p 
8F259  36p 
BFR39  259 

BFR41)  25p 
EIFF141  25p 
BER79  25p 
BER80  25p 
BER81  25p 
BFX29  40p 
BFX30  34p 
BFX84/5  40p 
BFX86/7  30p 
BFX88  309 
BFW10  90p 
BEY50  30p 
BFY5I /7  30p 
BEY56  33p 
BFY90  90p 
89739  45p 
BSX19/20 24p 
BU104  225p 
BU105  190p 
0U108  250p 
BU109  22Sp 
BU126  150p 
5U1804  120p 
BU205  2009 
BU208  200p 
BU406  145p 
6300  50p 
6308  50p 
6310  50p 
MJ2501  225p 
M.12955  90p 
MJ300I  225p 
MJE 340  60p 
MJE2955 100p 
MJE 3055  70p 
MPFI02  469 
MPF I 03/4 40p 
MPF105/6 40p 
MPS6531  50p 
MPS6534  50p 
MPSA06  30p 
MPSA12  50p 
MPSAI3  50p 
MPSA20  50p 
MPSA42  50p 
MPSA43  50p 
MPSA56  32p 
MPSA70  50p 
MPSUO6  639 
MI751107  60p 
MP51.145  90p 
MPSU65  78p 
0C28  130p 
0C35  130p 
TIP296  40p 
T1P79C  550 

119306  489 
TIP30C  60p 
119316  58p 
TIP31C  62p 
TIP324  68p 
11932C  82p 
TIP334  90p 
TIP33C  114p 
119346  115p 
TIP34C  1609 
TIP354  225p 
TIP35C  290p 
11P364  2709 
TIP36C  340p 
TIP41A  65p 
TIP41C  78p 
119426  70p 
TIP42C  820 
11954  160p 
119120  120p 
119172  130p 
119142  130p 
119147  130p 
1192955  711p 
1194055  70p 
11043  48p 
11593  30p 
270108  12p 
ZTX300  13p 
ZTX500  15p 
710507  18p 
ZTX504  30p 
2I4457A  250p 
214696  35p 
214697  25p 
214698  45p 
2N7066  30p 
214708  30p 
214918  45p 
214930  18p 
2/41131/2  369 
2141613  25p 
2141711  25p 
2142102  70p 
2N2160  350p 
21422196  30p 
21422226  30p 
2N23696  25p 
2142484  30p 
2142646  45p 
2142904/5  30p 
21429066  30p 
21429074  30p 
2142926  9p 
2143053  30p 
2143054  8Sp 

2143055  48p 
7143447  1409 
2143553  24 09 
2N3565  30p • 
ZN3584  250p 
2143643/4 44p 
2143702/3  12p 
2143704/5  12p 
2143706/7  149 
2143708/9  12p 
2143773  300p 
2143819  25p 
2143820  50p 
2143823  70p 
2143866  90P 
2143902  7009 
2143903/4  18P 
2143905/6  20p 
2/44037  65p 
21440513/9  12p 
2144061/2  18p 
2144123/4 27p 
2144125/6 27p 
2144401/3 27p 
2144427  90p 
2144871  60p 
2145087  27p 
2145089  27p 
2145172  27p 
2145179  90p 
2145191  90p 
2145194  90p 
2145245  40p 
2145796  55p 
214S401  50p 
2145457 ,8 40p 
2145459  40p 
2145460  60p 
2145485  44p 
2145875  250p 
2146027  48p 
2146 041  160p 
2146044  160p 
7146052  3009 
2146059  325p 
2146107  65p 
2146247  1909 
2146254  1309 
2146290  65p 
2146292  65p 
20 0172 150p 
25C1306 150p 
20C2028 120p 
25C2029 250p 
25C20713 200p 
314128  120o 

314140  120p 
314141  1109 
314201  1109 
314204  120p 
40290  250p 
40361/2  75p 
40408  90p 
40409  100p 
40410  100p 
40411  300p 
40594  120p 
40595  120p 
40673  75p 
40871/2  100p 

DIODES 
134127  12p 
87036-300 20p 
0647  9p 
0681  15p 
0685  15p 
0690  9p 
0691  9p 
0695  9p 
06200  9p 
06202  10p 
114914 

11 ', 114916 
1144148  49 
1144001/2  5p 
1144003/4  13p 
1/44005  so 
1144006/7  7p 
1145401/3  14p 
1145404/7  19p 
15920  9p 

6A  50V  80p 
6A 1006 100p 
66 400V 120p 
10A 400V 2009 
25A 400V 400p 

ZENERS 
2 7V-33V 
400m W  9p 
1W  15p 

TR1ACS 
PLASTIC 
3A 400V  60p 
6A 4005  70p 
6A 500V  813p 
BA 400V  75p 
84 500V  95p 
12A 400V  85p 
12A 500V  105p 
164 400V  110p 
16A 5005  130p 
128000  130p 

HEAT SINKS 
For 10220 Volt-
age Flogs and 
transistors 220 
For 105  12p 

THYRISTORS 
IA 50V  70p 
14 400V  90p 
3A 400V  100p 
84 600V  140p 
126 400V  160p 
164 100V  160p 
16A 4005  180p 
81106  110p 
11060  45p 
MCR101  36p 
T1C44  27p 
2143525  1309 
2144444  1409 
2145060  34p 
7145064  40p 

BRIDGE 
RECTIFIERS 
14  50V  19p 
lA 100V  20p  LOUD. sr,E4KERS e  

IA 4005  25p  21 7 545  sop 
1A 600V  30p 212  89  80p 
76  50V  309   2  811  90p 

117  811  100p 2A 100V  35p 
24 400V  45p 
3A 2005  60p   
36 600V  129  MODULATORS 
44 1005  95p  6MHz UHF 375p 
4A 4005 100p  133AFIr UHF 450p 

MEMORIES 
2101-41  400p 
2102-21  20p 
21075  500p 
2111-0  2509 
2112-4  300p 
2114  200p 
2114-21  300P 
4027-3  3009 
4044  700p 
4116  200p 
4118-4  550p 
5101  3001, 
6116  E12 
6514-45  £5 
6810  2009 

ROM PROM. 
71301  700p 
740188  225p 
740287  350p 
740471  650p 
740571  5500 

NEW RETAIL SHOP 
305 Edgware Road, W2 
Open. 9.30 5.30 

14 

8279  950p 
TMS9918  POA 
280P10  400p 
2804P10  450p 
2130CTC  400p 
2130ACTC  500p 
ZEIOADART  £l2 
280ADMA  £10 
280510-1  £20 
UART 
AY 3 1015P  400p 
AY-5•1013P  360p 
1M6402  450p 
CHARACTER 
GENERATORS 
90 3 2513 UC 

600p 
813-3 2513 L C 700p 
5147452624N  £10 

KEYBOARD 
ENCODER 
AV 5 2376  700p 
741922  5009 

CRYSTALS 
32 76810-1,  250p 
OOKHz  300p 
20065,  3709 
1 OMHz  320p 
1 008MHz  350p 
1 8432MHz  250p 
2 00MHz  250p 
2 45760M111  250p 
3 276M113  250p 
3 5795MHz  175p 
4 00MHz  290p 
4 194MHz  250p 
4 43MHz  I25p 
5 OMHz  250p 
6 OMHz  250p 
6 144MHz  250p 
7 OMHz  2509 
7 168MHz  250p 
8 00MHz  250p 
8 867MHz  250p 
10 00MHz  250p 
10 7MHz  250p 
1p OMHz  350p 
16 00MHz  250p 
18 00MHz  250p 
18 432  250p 
19 968MHz  390p 
26 690 W-1z  3009 
27 145MHz  250p 
38 6667MHz  350p 
48 OMHz  300p 
55 5MHz  400p 
116MHz  350p 

LOW PROFILE DIL SOCKETS BY TEXAS 
8 pin  9p  18 pin 189 24 pm 24p 
14 pin 10p  70 pin 16p 28 pin 26p 

16 pin 111)  22 Pin no 4° pin 3° P 

ZERO 
INSERTION 
FORCE SKI 
24 pm  £7 

HEADER 
PLUGS 
14 pin  50p 
16 pin  60p 
24 pin 100p 
40 Din 275p 

WIRE WRAP SOCKETS BY TEXAS 
8 pin  25p 18 pin  50p 24 pin  70P 
14 pin  359 20 0,0  60P 28 ron  BOP 
16 pin  40p 22 pin  8Sp 40 pin  1009 

SOFTY Ideal Software/Hardware Development Tool 
Using SOFTY you can develop your Programmes 
Debug/Verify and then commit them to EPROM 
KIT £100 BUILT AND TESTED £125 
Also available Expansion Board for Programming single 
rail I. 5v/ EPROMS  Ready built £40. 

MINI FLOPPY DISC DRIVE MECHANISM Teac Type FD-
506 40 track 514 Double/Singly Density drives  £140 
FLOPPY DISC CONTROLLER 
F01771  £24 
FD1791 
F01691  £19 
2143  £S.50 

EPROM ERASERS Type UV140 Will erase up to 14 
EPROMS in approx 20 reins Has slide in tray for safe 
use MAINS and ERASE indicators  £81.90 

ACORN ATOM. Supplied with lull sue OWERTY Key-
board. 81( ROM. 76 RAM and can be expanded to 121( 
ROM.  1216 RAM  Included are UHF Modulator for 
connection to domestic TV and Free Manual on Pro-
gramming in BASIC or Machine Code 

KR £1213. Built £150 P&P £2 50 

VEROBOARDS 0 1 
(copper clad) 

2 543 75  75p 
2 5x5  86p 
3 7543 75  85p 
3 75x5  95p 
3 75,17  340p 
4 75417 9  42 09 
Pid of 100 pms  50p 
Spot face cutler 88p 
Pin insertion 
tool  11 99 
Vero Wiring Pen 

140p 

ANTE X 
IRONS 
C 15W  442149 
CO• 17W 
CCN -15W  425p 
025  440p 

SPARE BITS 
/AX/CCN  50p 
X25 

SPARE 
ELEMENTS 
C/CX/X25  180p 
CCN  200p 

COUNTERS 
741925  550p 
741978  800p 
ICM7216B  200 99 
ICM77174  5509 
2141040E  700p 

DIL 
SWITCHES 
6 way SPOT 

90p 
8-way SPST 

100p 
4 way SPST 

80p 

DIGITAST 
Any coloo• 60p 
With LED  90p 

TTL  ECL 
MC4024  3259 
MC4044  325p 
10116  70p 
10231  350p 

*SPECIAL OFFERS* 

2114L (45Ons) 
2716 (+5V) 
4116 (20Ons) 

*  SPEECH SYNTHESISER  * 
IA Project by TEXAS INSTRU MENTS LTD) 

*  Superb major solid state speech project for under £100 
*  Pro mises to have a drarnatIc impact on State-of-Ad 
Electronics - now, and for generations to co me 
*  Co mplete talking library of over 200 words with further 
expansion space 

1-24 25-99  100 
1 20  1.10  1.00 
2.90  2.75  2.25 
1.10  1.05  1.00 

*  Easy interfacing to a microco mputer through a few lines 
of BASIC 

*  Pitch control has exciting electronic music applications 

*  A reprint of original constructional article by E& M M 
(June' 811 and available at 65p plus large SAE. 

Complete Kit of parts (inc. PCB) £87 
,N13 We are •,  aulhor,serl TE XAb INSIHUME NI  Law, •o• Ita,m o•om, • 

Please add 30p P&P & VAT 1 5'x, 

Government, Colleges, etc Orders accepted 

CALLERS WELCOME 
Mon En 9 30 5 30 
Sahada 10 304 30 

TECHNO MATIC LTD. 
17 BURNLEY ROAD, LONDON N W10 
(2 minutes Dollis Hill tube stabont (ample street parking) 
T : 01-452 1500/01-450 6597  Telex: 922800 
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• Feature 

Control 
The hobby of building land, sea  I 
and air models, operated by radio 
control, is increasing in popularity. 
Pete Christy* looks at what's 
entailed, particularly with airborne 
models 

IT HAS BEEN SAID that a radio-controlled model aircraft is the 
ultimate case of putting your money where your mouth is. Cer-
tainly, to the electronics enthusiast a radio control system of-
fers a unique challenge. To aviation enthusiasts it offers a 
cheaper, safer, and less rule-bound alternative to full-size fly-
ing. 
Many of you, no doubt, will have witnessed radio-controlled 

models in action. Flying displays are rapidly becoming major at-
tractions at local fetes and carnivals. As with so many ac-
tivities, the experts make it look so easy that many a spectator 
has been tempted to have a go. Sadly, without some experienc-
ed guidance, such solo efforts are almost invariably doomed to 
failure. Consequently, radio control has acquired a reputation of 
being a tricky and expensive pastime. Provided the right ap-
proach is adopted, neither of these criticisms is particularly 
true. The purpose of this article is to provide a bit of background 
information to assist would-be enthusiasts. 

Early Flights 
The first radio-controlled model aircraft were developed during 
the 30s. Until that time the only type of model aircraft around 
were those designed for free flight. As the name suggests these 
models were intended to fly untethered as were their full-sized 
counterparts. The absence of a pilot or any other control system 
required careful aerodynamic design to ensure that the aircraft 
was inherently stable. Once launched it was on its own, and its 
fate was determined by the skill that went into its design and 
trimming. Despite the apparent shortcomings of such models 
they represented an interesting challenge, and free flight 
thrives to this day. It was apparent even in these early days that 
the ultimate model aircraft was going to be radio-controlled. At 
the time no frequency allocations had been made for the pur-
pose, and so aeromodellers teamed up with radio amateurs. It 
was this combination that finally brought success. 
Most of these early developments took place in the USA and 

France, and even before the war the Americans were running 
radio control events at their national championships. One early 
American pioneer was Dr Walt Good. While most contemporary 
radio-controlled aircraft only offered control of one function 
(usually the rudder), he developed an amazing control system. 
It consisted of a rotating vane mounted behind the tailplane, 
and this vane normally rotated freely in the slipstream. On 
receipt of a coded command, it could be stopped in one of four 
positions, providing left and right rudder — plus up and down 
elevator. Using this system, he won several national champion-
ships before these activities were abruptly terminated by the 
Second World War. 
After the war, development quickly took up where it left off, 

much aided by the ready availability of surplus war equipment. 
Most governments made an allocation in the 27 MHz band for 
model control at this time. 
Perhaps 'radio-controlled' is too strong a term to describe 

many of these early efforts. Usually only one function, the rud-
der, could be controlled and on a fairly erratic basis. 

This model is a Power House, a 1940s design. In its original form, it 
was intended for free flight but the model shown here Is radio-
assisted 

Move Towards Reliability 
Reliability was not a word usually associated with these early 
systems. Most of these aircraft were designed for 'free flight' 
with occasional nudges from the 'pilot' to aim them in the ap-
propriate direction — 'radio affected' may be a more accurate 
description. Transistors were unheard of in those days, and it 
required a fairly large model to haul aloft the valve receivers and 
associated high-voltage power supplies. 
By the late 50s and early 60s, the transistor had arrived. 

Sizes came down, reliability improved and radio control started 
to come within the reach of the average modeller. More 
sophisticated control systems started to appear, and in the ear-
ly 60s the legendary (or notorious) space control system ap-
peared. For the first time a system offering smooth proportional 
control was available. In other words, the further the control 
stick was moved, the further the control surface moved. 
Previous radio control systems were of the 'bang-bang' variety: 
operating a switch on the transmitter caused the control sur-
face to move over to its fullest extreme, returning to neutral 
when the switch was released. This was somewhat like trying 
to control the speed of a car by jamming the throttle wide open, 
and switching the ignition on and off. The space control system 
also allowed the pilot to operate all the controls simultaneously, 
instead of one, or at the most two, at a time. At last a system 
was available that offered (at a considerable price) all the con-
trol functions available to the pilot of a full-sized aircraft. 
However, reliability was still a problem. Although much im-

proved from the early days, the first proportional systems left a 
lot to be desired. Based on analogue computer principles, drift in 
response to temperature or battery voltage fluctuations was a 
major problem. Also the servo motors were controlled by vary-

The author is technical consultant to a radio control equipment manufacturer 
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ing DC voltages. The ensuing soggy control response came in 
for much criticism. In response to this criticism two Americans, 
Don Mathes and Doug Spreng, developed a digital system. It 
was so successful that within two years analogue had been 
wiped off the market. It was this digital system that was the 
basis of virtually all currently available radio-controlled 
systems. Apart from its greater reliability compared with the 
analogue systems, it was able to make use of cheap integrated 
circuits that were just starting to become generally available. 
Although the versions available now are much more highly 

developed, the basic principles of operation remain the same. 
Indeed, so successful and simple are the modern versions that 
they have replaced the old 'single channel' systems which once 
represented the bottom of the market. 

Choice Of Model 
Having acquired a radio control system, the next question is: 
what to control with it? Well, virtually any model of anything 
can be radio-controlled. The more usual applications are boats, 
cars and aircraft. In all three categories there are a wide variety 
of types for different applications. Perhaps the simplest ex-
amples are the 'toy' boats and cars that are now becoming 
cheaply and readily available. At the other extreme in the car 
and boat market are some extremely sophisticated machines 
capable of surprising speed. For example, one racing car kit now 

Special pool laid for the model boats at Sandown Park Racecourse• 

Aks...6010F 

One of the radio-controlled model racing cars moving at high speed 
around the specially adapted circuit at Sandown Park Racecourse 
Some of the crashes looked painfully realistic 

•Courtesy of RADIO MODELLER, Model Et Allied Publications 

available features fully independent suspension, limited slip dif-
ferential, and a top speed (on a suitable surface) that wouldn't 
disgrace a small family saloon! A kit like that costs over £100, 
less the engine and radio, and must be considered a specialist 
project. For boat and car use a two-channel radio control 
system is adequate, though some models may occasionally use 
three. 
Incidentally, 'channel' in relation to a radio control system 

refers to the number of functions it will control, not the number 
of frequencies it operates on. My particular speciality is aircraft, 
and you will notice that this article is biased towards aircraft 
models. However, most of the principles apply to all radio-
controlled models. 

Model Aircraft 
Aircraft models cover a wide spectrum. The range of models 
that have been built span from simple gliders and low-powered 
trainers through to multi-engined scale replicas of famous air-
craft. Probably the most sophisticated model aircraft is the 
helicopter. First demonstrated in the early 70s, model 
helicopters are now widely regarded as the ultimate challenge 
to a keen modeller. 

A Garbo helicopter. This was built from a kit imported from Italy 

For control of a car, boat or glider, two-channel control is 
adequate. For a glider these two channels would normally con-
trol rudder and elevator. The minimum number of channels re-
quired for full control of a powered aircraft is three: rudder, 
elevator and throttle. For more sophisticated aircraft and 
helicopters four channels are required, adding aileron controls. 
Scale models may have retracting undercarriages, flaps, bomb-
drops and indeed anything else that your imagination can con-
jure up — the sky is literally the limit. Strictly speaking, these ex-
tras are luxuries and are not essential to the successful opera-
tion of the aircraft. 
A typical 'standard' outfit will consist of a four-channel 

transmitter and receiver, four servos to operate the controls, 
and rechargeable nickel-cadmium battery packs. (The battery 
packs are often referred to as Ni-Cads or Deacs, for the same 
reason that all vacuum cleaners are called 'Hoovers' .1 Radio-
control systems can be run from dry cells, but this is usually a 
false economy. The capacity of dry cells is generally much less 
than good Ni-Cads, and the cost of replacing them every 
weekend is tremendous. A good set of Ni-Cads and a charger 
will pay for themselves inside a few months. 

How Radio Control Works 
Nearly all modern radio control systems use the standard 
'digital' technique. Each control stick on the transmitter deter-
mines the width of a pulse generated by the encoder, and each 
pulse is transmitted in sequence to the receiver. At the receiving 
end a decoder sorts out the pulses and feeds each one to the ap-
propriate servo. 
When the pulse arrives at the servo, a pulse cf the opposite 

polarity is generated, the width Con' period) of which is deter-
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mined by a potentiometer on the servo output shaft. The two 
pulses are then added. The result is a pulse with a width propor-
tional to the amount of error between the two input pulses. It is 
the polarity of this pulse which indicates the direction of the er-
ror. Figure 1 illustrates the principle. Because the drive signal 
fed to the servo motor consists of pulses at full voltage, 
regardless of width, the servo develops its maximum torque 
even on very small errors. The result is excellent servo 
response. 

JL 
COMMAND 
PULSE 

(TYPICALLY 1 --2 nITAT 20 rns RATE( 

CO M MA N D 

M ON OSTABLE 

ERR OR 

- 1 I  

Figure 1. Remote control, by means of digital pulses, of a servo 
system 

The control pulses in the transmitter are generated sequen-
tially, with the trailing edge of the pulse for channel 1 coincident 
with the leading edge of that for channel 2. Consequently it is 
not necessary to transmit the whole pulse, but simply a marker 
pulse to indicate the end of channel 1 and the start of channel 2. 
This simplifies decoding at the receiver considerably. Decoding 
can be achieved with a simple CMOS counter, or TTL shift 
register. Figure 2 shows the sequence of pulses. 

CONTROL 
STICKS 

CHANNELI 

CHANNEL? 

CHANNEL] 

ENCODER 
OUTPUT 

CARRIER 

IAM SHOWN) 

4-

7rns 
70 

- 1F1F1F1J  

M alligil M11 .11111 

DE MODULATED PULSES 
(RECEIVER OUTPUT( 

DECODED OUTPUTS 

CHANNEL I  

CHANNEL2 

CHANNEL 3 

Figure 2. Waveforms associated with encoding and decoding of 
control signals for a three-channel system 

Until a couple of years ago the pulses would have been 
transferred to the transmitted carrier wave by amplitude 
modulation (AM), but AM is rapidly losing ground in favour of 
frequency modulatiori(FM). The advantages of FM over AM are 
considerable. The range is generally improved, interference re-
jection is considerably increased and, because this mode of 
transmission is 'cleaner', it has proved possible to get more spot 
frequencies in a given band. 

Wavebands For Radio Control 
The future of radio-controlled modelling looked somewhat 
uncertain until recently. Government dithering over the alloca-
tion of wavebands for radio control has caused much anguish to 
modellers. At last three wavebands were specified, details of 
which are given in Table 1. 

Band 
(MHz) 

26.96 - 27.28 

35.005 - 35.205 

458.5 - 459.5 

Maximum Output 
(W) 

1.5 

0.5 
0.5 

Usage 

All models 

Aircraft only 
All models 

Note: Equipment for use on the 35 MHz band is subject to type 
approval procedures 

Table 1. New frequency allocations for radio-controlled models 

Some of you may have noticed that the 27 MHz allocation 
coincides with the band used for CB radio in many other coun-
tries. This has resulted in considerable problems over the past 
few years. The illegal operation of CB radios in this country has 
rendered the 27 MHz band virtually unusable near most big 
towns, and was a major factor in the granting of the new 35 
MHz allocation for aircraft use. The 27 MHz band is also used by 
paging systems, and although pagers and modellers have 
peacefully coexisted for many years, 27 MHz must now be 
regarded as obsolete for aircraft use. I certainly couldn't recom-
mend anyone intending to buy new equipment for aircraft to 
buy 27 MHz gear. Largely because of this situation, the price of 
27 MHz equipment has come tumbling down of late. You can 
now buy a two-channel digital proportional transmitter and 
superhet receiver for £12. This is a great temptation to 
newcomers, but if you are thinking in terms of aircraft I would 
urge you to forget 27 MHz. 
Virtually all modern equipment, whichever band it is design-

ed for, will have a plug-in crystal facility. This enables the actual 
frequency of operation within the band to be changed quite 
simply. Some more expensive outfits also have a plug-in 
module facility which enables the equipment to be changed 
from, say, 27 MHz to 35 MHz. 
Because of radio band congestion at many flying sites these 

days, and to prevent frequency clashes between individual 
modellers, it is normal practice to fly a pennant from the 
transmitter aerial. For the 27 MHz band, the colour of the pen-
nant indicates the actual frequency in use. On the 35 MHz 
band, channel numbers are displayed on a square orange pen-
nant. 
The 35 MHz band is significantly smaller than the 27 MHz 

band. Also, the number of active modellers is increasing all the 
time. Because of this increased congestion, the channel spac-
ing on the 35 MHz band is only 10 kHz. Previously, back on 27 
MHz, the spacing had been 20 kHz. Unlike most other radio 
systems, a radio control system is almost always required to 
operate in the presence of very strong signals on the adjacent 
channels. The pilots are rarely more than a few yards from each 
other, and when a model is being carried to and from the pit area 
(space in which the pilots stand), it may be within a few feet of 
several transmitters putting out over 0.5 W within 100 kHz of 
each other. This obviously places severe strain on the front end 
of the receivers. At 10 kHz spacing the problems are even 
greater, and this was one of the main reasons for the switch to 
FM. Receivers operating on FM have much better immunity to 
interference in these high overload situations. 
A bonus side effect was the almost total elimination of what 

is called 'glitching' in high speed models. In a very fast model, it 
is not unknown for the received signal strength to vary by over 
120 dB lone million times) per second! Trying to build an AGC 
(automatic gain control) system to cope with changes as rapid 
and as large as this defeated many communications experts. 
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FM systems don't need an AGC, so they don't suffer from the 
dreaded 'high-speed glitch'. 
However, to guarantee that the transmitters can operate 

safely with these narrow channel spacings, a type approval 
system is necessary. Consequently 35 MHz equipment tends 
to be more expensive. In radio control, as in anything else, you 
get what you pay for. 
As can be seen from Table 1, an allocation in the ultra-high 

frequency (UHF) band has been made to modellers. Although 
long-distance transmission is possible at UHF for airborne 
models during flight, the ground range can be limited. (This can 
cause problems during take-off!) 

No Need For A Licence 
From 1 January 1981, it was no longer necessary to obtain a 
licence to operate radio-controlled models. Up to that time it 
had been possible, through the issuing of licences, to gauge the 
number of modellers operating in the UK. In January, the total 
issued was close to 100,000 and had been increasing at a rate 
of about 1,000 each month. 

Flight Range 
I am often asked, in connection with flying models, 'How far will 
they go?' As with most radio systems, the ground-to-air range 
will be considerably better than the ground-to-ground range. If 
everything is working correctly, the air range should be con-
siderably in excess of visual range. In other words you will lose 
sight of the flying model before you lose radio contact. In terms 
of ground range this will translate to around one mile, depen-
ding on local conditions. 

Flying Hazards 
It is worth bearing in mind that an out-of-control model aircraft 
is a potentially lethal missile. Do not attempt to fly one in buiit-
up areas, nor in parks unless you are under expert supervision! It 
may look easy when you see an expert do it, but the acquisition 
of these skills is not an overnight process. I strongly recommend 
taking out a third party insurance policy, no matter where you 
fly. These policies are very reasonably priced. Schemes are 
advertised in the modelling press, and most clubs offer club in-
surance schemes. 

Equipment Cost And Lifespan 
It is just about possible to get a radio-controlled model aircraft 
into the air for under £100, buying everything new. However, a 
more realistic figure is probably about £220. A good set of 35 
MHz radio equipment, which will be a four-channel outfit, will 
cost around £150. For a little bit less you could get a two- or 
three-channel set that would be expandable at a later date. 
Anything substantially cheaper is likely to be either restricted to 
27 MHz, or with two or three channels but incapable of being 
expanded as your skills grow. A first class engine (always a 
good investment) in the 0.19 to 0.4 cu in bracket is likely to be 
between £25 and £40. A trainer type aircraft kit will be around 
£30 to £40. 
This may all sound horrendously expensive, but it is nearly all 

initial outlay. The actual running costs are very low. For exam-
ple, a good engine, reasonably well maintained, can have an ex-
pected working life of 5 to 10 years. A radio control system 
should last at least 5 years. The model itself is likely to be the 
cheapest element in the system, and also will have the shortest 
life. A crash has to be extremely severe before any significant 
damage will be caused to the engine. Similarly if the radio is pro-
perly installed, you have to be very unlucky to damage it severe-
ly in an accident. Airframes are, of course, another matter and 
must be regarded as expendable. 

Radio failure is extremely rare 
these days. Most cases of 'radio 
failure' can be traced to three 
causes: pilot error, outside in-
terference, and structural failure. 
Since most of these causes can be 
eliminated through taking 
reasonable precautions, the initial 
outlay spread over a number of 
years' use looks more attractive. 

• Courtesy of RADIO MODELLER, Model Er Allied Publications 

Model based on a monoplane in use before World War I 

Making The Right Start 
While it is possible to teach yourself to build and fly radio-
controlled model aircraft from scratch with no outside 
assistance, it is not a method I recommend. By far the best 
method is to seek assistance from the local club. Clubs are 
always ready to assist and welcome newcomers to the hobby. 
If you don't know where the local club flies, then contact the 
local model shop. It will be only too pleased to aim you in the 
right direction. If you don't know where the local model shop is, 
then a good guide is the modelling press. There are two 
magazines published monthly that specialise in radio control: 
Radio Modeller, and Radio Controlled Models and Electronics, 
both published by Model and Allied Publications (MAP). A third 
magazine, Aeromodeller, also from MAP, covers all aspects of 
model aircraft including radio control. 
Another source of information relating to local clubs is the 

Society of Model Aeronautical Engineers (SMAE), Kimberley 
House, Vaughan Way, Leicester. The SMAE is the official body 
that represents modellers, and as such is well worth joining if 
you become an active modeller. It will be able to supply the ad-
dresses of any affiliated clubs that may be in your area. 
For those more interested in the electronics behind radio 

control I thoroughly recommend a book entitled 'Theory and 
Practice of Model Radio Control' by Paul Newell. It's available 
from most good model shops and even from some public 
libraries. 
It is said that pictures speak a thousand words, and so I leave 

it to the accompanying photographs to show the 
variety of models that can be built. Please don't 
attempt a fully detailed scale Spitfire as your 
first model. . . ! 

An example of what you can build — 

a World War II Japanese 

bomber from the Pilot range of kits" 
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Example of a plastic ready-to-fly model from Japan. It needs an 
engine and a radio to be ready for take-off 

The pictures shown give some idea of the kinds of models 
that can be operated by radio control. They were all taken at 
the Sixth Model Symposium, organised by Elmbridge Model 
Club at Sandown Park Racecourse on 9 and 10 May 1981. 
A full story of the event is given on page 20. David Wilshere, aged 14, is seen here holding an Italian Aviamodelli 

Mach-1 model With its tuned-pipe engine, this model is designed for 
aerobatics 
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Models Galore 
At Sandown 
As a change to horse racing, Sandown Park Racecourse 
featured, for just two days, a multiplicity of models 

ON SATURDAY AND SUNDAY, 9-10 May 1981, Sandown Park 
Racecourse in Esher, Surrey was transformed. Instead of the. 
sound of thundering hooves, the aff was abuzz with model 
aeroplanes and helicopters. 
This sixth model symposium, organised by Elmbridge Model 

Club, was reported as being the biggest yet. 
HE made a visit at lunchtime on the Saturday when atten-

dance seemed light, presumably because of the Cup Final. (A 
couple of TVs had been laid on in the.grandstand barareator foot-
ball addicts.) Biggest attendance was, as in previous Oars, on , 
the Sunday. 
Events were taking place all round the grandstand. Part of the 

course was roped off for a continuous display of flying models, 
and this proved to be one of the greatest attractions. For in-
stance, we were intrigued to see one helicopter hi:went-1y upside-
down above another which was flying the corsisct way up, with 
only a few feet between the blades. 
Other outside events included radio-controlled model car rac-

ing (fast and furious with some sickening grating sounds as cars 
overturned at the corners 1$4he tarmac track) and radio-
controlled model boats on a p . lit the back of the grandstand. 
There was even a radio-contro d model duckt,  . . ..  . 
It was possible to see all these radld-controlled models runn-

ing aide by side this year because the modellers had three fre-
quencies at their disposal: 27, 35 and 459 MHz. (But see the 
comment under this month's Monitor on page 6 about model-
lers' fears over specifications for equipment coming into use on 
35 MHz.) 

Two en Oisl as ;impairing a scale model of a Britten-Norman 
Firecreaftr farflight. This model uses two engines working on a 
common gearing stern. The aeroplane on which this model is 
bassd is 8 new design and is in use by the RAF as a trainer 

Behind the grandstand, 'control line' flying displays were 
taking place, with the modellers pirouetting on sheets of board 
in the middle of the paddock, while their 'planes, held and con-
trolled by double cords attached to the end of one wing, looped 
and d ved in the air around them. 
Meanwhile, for the indoor enthusiast (or for those who 

wanted to escape from the occasional burst of rain) there was a 
railway hall. Here the clubs had laid out displays of all the popular 
track-gauges. Somew Incongruously, a slot-car racing layout 
attracted a big audien  one corner of the hall. 
After goggling at finietied and working models it was time to 

visit the trade hall, where you could choose your kit or bag of 
components . . . and pay the necessary cash. 
We thought that the event was a credit to the organisers. 

Plenty of car parking space was available (even though it was a 
five-minute walk from the car park, around the outside of the 
course, to the entrance). Food and refreshments were on sale, 
and the grandstand enabled you to sit under cover. 
Ycu could take the family (we Saw an abundance of kids, old 

and young), see the latest models, and have an enjoyable day 
out. Here's to number seven! 

The Whitley bomber and its pilot from the Sprengbrook 
del  nation team. This model has been us  ver the last few 

drop 'toffee bombs' on the crowd a 
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A Model aeroplanes from Skywa! in Bristol. These are supplied in kit 
form, with most of the comporents ready for assembly The three 
models in the foreground are a Spinks Akromaster, a Percival 
Meugull (a plane in use betweei the First and Second World Wars) 
and a Russian YAK18 

Yes — model helicopters can fly upside down' Here Len Mount from 
the Ripmax demonstration team is flying an inverted helicopter a 
few feet above one the right way up. Len developed his helicopter to 
fly in both modes. Both helicopters in this demonstration of 'mirror 
hovering' are Schluter models horn Germany• 

One of the more unusual radio-cc ntrolled vessels (apart from the 
adio-controlled duck!  This is a aeautifully-finished paddle steamer 

A line-up of some of the radlo-controlled boats A high-speed 
was racing by at the time (see foreground) 

Wirt  mitamp. 
rhyNfiworre,c crwrRe 

Model trains'can be very absorbing . . . This young Observor is seen 
admiring just one of the many Iaycuts in the railway hail 

Dave Nieman Models' stand — helicopter specialists based in 
Wembley. The firm also acts as the main importer of the Hirobo 
range of models from Japan' 

• Courtesy of RADIO MODELI.ER, Model a Allied Publications 

"1-

Hokby Elect-onics, August 1981 

VMS 21 



FREE 
OUR CURRENT BARGAIN LIST WILL 
BE ENCLOSED WITH ALL ORDERS 

TRANSMITTER SURVEILLANCE • 
Tiny, ea.'', hidden but which well enable  On ...saloon 10 be ptc keg' 
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CABINETS 
Made Ise an expensive HI F ourlir 
will suit any decor Resonance 

free cut-outs for 8" woofer and 
4" rweetet The front material is 
carved Da mon which ts thick and 
does nor need to be stuck in and 
the co mpleted und is M ost pleas-
ing Colour black Supplied tn Pairs, 
("bre £6.90 Per pato (this is PrOla 
ably ress rhan the original cost of 
•'''n itO t11111  boat. (71 50 the pair 

LOUDSPEAKERS 
n  a .•• ...at 4 rvveeter, 4 oh ms 

„.,  o m,yei ,ating £13.90 Per On , 

Ditto hut If c,hnts. f11.50 
per paw  Post E7 00 

oler,o'0, manc  ton  d nin o ,,, • oi, 

altet the scab. Speo tat crow ill it, 11 00, or 10 
for £9.00. 

MOTORISED DISCO 51S ITCH 
With 10 amp shaeltie mfai 

artalstablv swil,hes all  al. 

Ohs W O W el Of fend,' I m a.1" , • ' 

FUI M ains OM, /11,1 VI swatch 0, 
£6 25, If)  h 1/10111.1 C6 75 ' 

m Ota , 17 25 

3 CHANNEL SOUND TO LIGHT KIT 
ate, ka ra 

.ef 200() 
• . 01 hunt 
• /se Its, 

.111.1 .t 
leo o, 

, ,nty tugged  loi it,seo w oe Is The ono  
x bye two tone meta' case ant( has contra's lot each channel. 

ori off The audio m o w and outpost ale li ' 

• Ito And 'Mee panel m ounhnu fuse holders provide thy 115t01 
miobon A low pin plug anol socket factiadte ease of connect, 
nos Spectal in t, pi",  114 95  loa m  •, 119 95 
..1 and tested 

a 

THIS MONTH'S SNIP 
REED SWITCHES 

FLUORESCENT TUBE INVERTER 
•  e m met  o•pa.,  fmnotnenCy bona , a 
•' 112v bath, y 1/1311 ',ill • lie.o•  •11 

•••-"4 1-/ g. .660'-r."  • ' 

12c M O; OR BY SMITHS 

••• 11,111 il̀1.•••ASI,  • 
t hu m the mselves out 

miaed to sheg, m1 Poe m  S, e 

',eon hv 3 (1,a These have a good 
,m  .' spindle  pi.ce £3.45. 
•I,,, tout 111/111114. tailed  E4 25 

MINI-MULTI TESTER nei.e pocket ‘, -• i . 
cod ill$11111i/..11..).owelied tw.ir mg, 2000 a i, , 

11 i11,1.1111 (41111.• measutes  DC volts 10, 50. 2O , 
AC volts 10, 50. 750.  
DC imps 0  100 mA IContonuay .100 teststanee 0 1 T1•111•,1'• 

lvvo ranges Complete cv, th test p,  • . 
strucoon hook shrheyIng :low le rh. 
aro, and dooluctanat. as wen ,•-• . 
value at only 176 75 • 50p it ' 

FREE n 

BULL (Electrical) Ltd 
(Dept. HE), 34 - 36 AMERICA LANE, 

HAYWARDS HEATH, SUSSEX RH16 3QU. 

• 

a ki.111 
111111 w ed 12 50. 

MULLARD UNILEX 
A Malt, 11PM attql 4 o 4 stereo 
syste m  Hated one ot the 

finest 101101 fliers In the 

stereo held this yvould 

m ake a w ondettul gilt for 
almnsi anyone In easy to askemhlc 
modular form this should sell at about E30 
hut title to a special bulk buy and as an in 

I emote lot you to buy this month we offer the sys 
tem complete at only £16.75 including VAT and Pio' 
I FIEF GIFT  buy this month and you will receive al  
Ciondman% ellprical 8'. 5" speakers to match this amplof ter 

VENNER TIME SWITCH 
Ma1ns operated wah 20 amp switch, one 
on and one off pm 21 hrs cepeats dady 
automatically correctsng for the lengthen, 
ng or shor tening day. An expensive time 
.wttch but you can have It for only £2.95 
these are new but without case, but we 
can supply PlaSlit case, lbase and COyer I 
£1.75 or metal case with window £2.95. 
Also available ts adaptor kit to convert 
this into a normal 24hr time switch but 
with the added advantage of up to 12 Or 
011s per 24hrs This makes an Ideal Co' 

1111111.1 for the trnrnersion heater. Price of 
adaptor kit IS £2.30. 

DELAY SWITCH 
Mali, operated  delay can be accurately 
set oath pointers knot, for pertoris of up 
or, 2"thrs 2 contacts suitable to syyttch 10 
a mps  seCond cOntact oPens a few mb-
lIes  a..  1,1 contact  £1.95. 

19, 

• 
LEVEL METER 

aPPociaf matelY '4" squate, scaled pun., 
•  I anti power but cover easily removable In' 

tesealing Sensaivety 200 uA 75p 

L.:. 

STEREO HEADPHONES 
Japanese. m ade SO ver y 40011 dually 
1,111-1111/1Peda110, padded, term-
•nattng With slandaod '," ,ack, 
11109  £2.99 Post 60P. 

BRIDGE RECIFIER 
I amp 400s, 300 each. 
10 tor 12 50 100 for [20 00 

12. 

6 

CT  0 

TIME SWITCH BARGAIN 
Large clear mains frequency controlled 
clock, whoch will always show you oo • 
rat rect time • start and stop sw,tt 
wah the dials Comes complete in 
12.50. 

12V SUBMERSIBLE PUMP 
AIS1 pill 11 to you, cai battery, drop a ,nto the Squid to be me, 
and up it comes, no messing about, no priming, etc and you ge• 
very good head Suaable for water, paralf In and any norbexplos ,.• 
non-corrosive Itquod One use .1 you are a camper, make yourpo 
I stornver  Price' £8.50. 

POPULAR SNIP - STILL AVAILABLE 
ArIll 111,, 1-,111 ,11% .1'my 9,11 of a desolrlering pump, whIch we „it. 
currently selling at £6 35p The snip is perhaps the most useful t • 
do wn parcel we have ever offered. Ill s parcel of 50 nearly all 
at nevem computer panels containing parts which must have cosi d, 
teas! 1500 On these boards you wat find over 300 IC's Over 300 
atodes, over 200 transators and sevewal thousand other parts, resist-
ors, condensors. multi-turn pots. oecilters, SCR, etc. etc If you act 
'or/molly, you can have thts parcel for only £8.50, which when you 
deduct the value of the (*SO W!, ing pu MP, wrlo ks out tO lust a lath, 
octet 4p per panel. Surely thts os a bargain you should not miss. 
When or dertng please add E2.50 Post and 11.27 VAT 

SOLENOID WITH 
PLUNGER 
Matns operated £1.99 
10  12 volts DC 
opeoated £1.50. 

YOUR LAST CHANCE FOR THIS BARGAIN 
100 •.  "ott Proc. over 150, yours for coil, 
£11 50 0 • •  ad able to droll metal, wood, plasbo 
horn the h med holes  PCB r'oh' up to about '•"  Don't me 
'ha snip  send youo or der today 

MINI MONO AMP on p c b , see 4-'y 2" 
octioax F 'Pad volu me COntrin a ll a hole 
.01 .11,111e. cono ni should you  o 
a The .implitan 'MS IhFee 
ansisa 0, and we estonate 
otod noitout toi be 1 W ms 
M011. ternn,ral data wal be 
al,- 0.1.01 wah the ancoltl ter 
Chanel ne w. per feet conch t ion, 
altered at the ye , lO W Or ,Ce of 

It 15 each or 10 lot 110 00 

41111. 

J. BULL (Electrical) Ltd - Established 25 years. MAIL ORDER TERMS 
Cash with order - please add 60p to all orders under £10, to offset pack e 
etc ACCESS & BARCLAYCARD WELCOMED. Our shop is open to calk-, 
BULK ENQUIRIES INVITED. Telephone Haywards Heath 10444/ 545e 
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• Project 

Thermometer 
Convert your meter to read temperature with this simple 
add-on unit 

USING THIS CIRCUIT you can convert 
any voltmeter capable of reading 0-1 V 
to a 0-100°C temperature probe. The 
device that makes this possible is 
National Semiconductor's LM335. This 
is a temperature-sensing integrated 
circuit housed in a TO-92 transistor 
type package which acts as a shunt 
regulator giving an output voltage of 
1 0 mV per degree. The chip gives a 
0 V output, not at 0°C as you might 
expect but at absolute zero, minus 
273°C. This means that an output 
voltage of 2.73 V is obtained at 
freezing point. To get a 0 V output 
from the circuit at 0°C, all we need to 
do is compare the output of the chip 
with a reference voltage of 2.73 V, 
which we obtain from a second 
integrated circuit, the TL430C. 

Construction 
Begin by mounting resistors 

R1,2,3,4,5, integrated circuit IC 1 and 
variable resistor RV1 into the printed 
circuit board (PCB), as shown in Fig.2. 
As IC1 and IC2 look alike make sure 
you've picked up the right device, the 
TL 430C. Check its orientation against 
the overlay diagram. 
Now connect a vOltmeter with its 

negative lead to 0 V and its positive 
lead to the junction of R4 and R5. With 
the unit connected. to a 9 V battery you 
should be able to adjust RV1 to obtain 

10/1 
2k2 

disconnect the meter and battery and 
a reading of 2.73 V. If all is well, 
solder R6, RV2 and IC2 into the PCB, 
taking care with IC2's orientation. 
Reapply power and connect the 

meter this time with its negative lead to 
the junction of R4 and R5, and its 
positive lead to the junction of R6, IC2 
and RV2. 
By adjusting RV2 you should obtain 

a reading corresponding to the ambient 
temperature. If the temperature is 
25°C adjust RV2 for a reading of 
0.25 V. 
Only one calibration is needed as 

this sets the chip accurate to within 
1°C over a range of — 10°C to 
— 100°C. 
Now, mark and drill the case to fit 

the panel meter and on/off switch. 
Mount the PCB, battery, switch and 
meter into the case and wire up the 
project as shown in Fig.2. 
If you wish to make a temperature 

probe, you can mount IC2 remotely 
from the PCB. Choose a mounting to 
suit your application, taking care that 
the leads cannot be bridged or short-
circuited if measuring water 
temperature, for example. In fact, it is a 
good idea to encapsulate the complete 
IC in epoxy resin or similar, if you 
intend to use the probe to measure 
water temperature. 
And there you have it. With just two 

comparatively cheap chips and a 

RV2  PIN VIEWS 
10k 

NOTE: 
ICI IS TL430C  M1 IS ANY 1 VOLT 
IC2 IS LM335Z  FULL SCALE METER 

Figure 1. Circuit of the HE Thermometer 

handful of components, you have a 
complete linear temperature 
measurement system. 

Parts List 
RESISTORS (All 1/4 W, 5%) 
R1  120R 
R2 
R3 
R4 
R5 
R6 

10k 
1k8 
330R 
2k7 
5k6 

POTENTIOMETERS 
RV1  2k2 miniature horizon-

tal preset 
RV2  10k miniature horizon-

tal preset 

SEMICONDUCTORS 
IC 1  TL430C adjustable 

zener 
IC2  LM335Z temperature 

sensor 

MISCELLANEOUS 
M1  any meter capable of 

indicating 0-1 V (for 
0-100°C measure-
ment range) - see 
Building Site on 
page 39 

Case to suit (see Buylines) 
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U Project Thermometer • 

How It Works 
The heart of the circuit is the LM335Z solid state temperature sensor. 
When a current of 400 uA to 5 mA is passed through this device, a 
voltage of 10 mV per degree is developed across it. At 25°C (room 
temperature) a voltage of 2.98 V will be produced, not the 0.25 V (0.01 x 
25) that you might expect. This is because the output is proportional to 
absolute temperature and 0°C is 273 K so 25°C is (273 + 25 + 100) 
V. ie, 2.98 V. So that the meter will read zero for 0°C, we generate a 
reference voltage of 2.73 V corresponding to 0°C, 273 K (the 'K' is for 
Kelvin — Lord Kelvin, a physicist). 

2.73 VI  

The reference voltage is produced using 
a special integrated circuit, the 
TL430C. This chip is connected just like 
the LM335Z and has a terminal which 
monitors the output voltage via poten-
tial divider R1, RV1, R2. The TL430C 
will regulate the voltage at its output un-
til a voltage of about 2.7 V appears at its 
reference input. This occurs for an out-
put voltage of about 3 V. Unlike the 
LM335Z whose output will change with 
temperature, the TL430C is designed to 
be temperature independent and its out-
put will drift by less than 50 parts per 
million, per degree Centigrade lie, not 

12.73 V + 10 mV PE R °C 
more than 150 uV/°C). The required 
reference voltage of 2.73 V is obtained 
from the 3 V output via potential divider 
R4, 5. This network is required because 
the reference voltage (and so the 
minimum output voltage) may range 
between 2.5 V and 3 V for different 
samples of the device. Preset RV1 ac-
commodates this variation, enabling a 3 
V output to be obtained from any sam-
ple. To obtain a temperature measure-
ment, a 1 V FSD meter is simply con-
nected between the reference voltage 
from IC1 and the output of IC2. 

R V1 

Buylines 

Semiconductors for this project are be-
ing stocked by Technomatic. The ap-
proximate cost of components (ex-
cluding PCB, case and meter) is £8. 
Shop around for meters because they 
can vary a great deal in price. 

We used a case from Vero Elec-
tronics to house our prototype, stock 
number 202-21390. 

Figure 2 (below) Printed circuit board 
overlay of the HE Thermometer and 
connection details. Make sure you don't 
confuse IC1 with IC2 as they are similar 
both in size and shape. Building Site on 
page 39 of this month's HE gives practical 
advice on meters 

Below left. Internal view of the HE 
Thermometer. Keep all leads short and neat 

SW1 
ON/OFF 

HE 
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P.A .T .F F) Whole-role 8 Retail Supply Of Electronic Components 

Electronic Services 
Electronic EquiPnIPII  Muni Rock Road 

Manufacturers 
Brrniroqharn 88 308  Tel 0 11 • 327- 339 

DISCO. Sound to Light Unit 3-channel Unit Ifully 
casedl Separate Bass-Moddle-Treble Unrepeatable 
at £111.511. Set of leads for above £1,50 

Some Units needing attention you to repair £5 95 
Card of MULTICORF Solder 211p. 

AUTOS SOLDERING IONS' 
CCN 15 wan Iron  £4 01 
CX I / wan Iron 
515 25 waft Iron  £410 
ELEMENTS for above irons, state type  £1.10 
STAND Soldering iron stand type ST3  £l.50 
Spare TIPS ICCN & C51. 2 3-3-4 1-6nwn  Sep ea. 
Spare TIPS 525, 2 3-3-4 7mm  Maas 
MINIATURE {PFAXERS 
Bohm 11/4 r. 144". 1", 21/4". 21/2  , 3 64ohm 21/2  

OOP.4 
ROTARY SWITCHES 
5W 6P 3 Bank  709 
2P 6W 1 Bank  30p 
2P 30W 2 Bank  rtqp 

LORLIN TYPES 
IP 17W 2P 6W 3P 4W 4P 3W  3SP 

STEREO Test cart BIB Type  50 0 

Package containing Ex-equipment boards. FULL ot 
useful components pack woth 7 Panels  El 

DISPLAY Gas discharge type. 9 M051710 04.. or 2 ler Et 

TUNING METRE Centre Zero Fsd 50-0-50uA 
Dims 34 1113 21rnm 

MICRO SWITCH 
Type V3 SPCO Contacts 

TOP-HAT RECTIFIER Deeds 
15 AMPS AT 1000 VOLTS  Sip 

BUMPER PARCEL 
A super value pack containing fib moss weight of 
new components Rs. Cs, Mc Many different sorts 

PANEL METRES. 2" Types 
Available in the following scales  SMA 
500wA, ImA  100mA. 500mA. IA, 15Vec 
M ac. 30Vdc. 300Vdc 

TRANSFORMER OVA 
Split bobbin construction. 417,0 41/2  Volt 

RELAY 
12-Pole Changeover Contacts.  17 to 15 Coil 

CABLE 
Ien Twin whole. ideal tor bells, speakers. etc 

Sip pee  Laagle 
2Orn pack of assorted cable  TOP 

CIRCUIT BOARD  1  15 
Size  matrix  matrix 
21/2 x  TOP  Sip 
212 x 341  TSP  Zip 
345 x 5"  451  MI 

MAKING PRINTED CIRCUIT BOARDS? 
Materials from STOCK you can rely on , 

Inter SS  I mm DS 2 4rnni SS 2 4nwn OS 
6a6in  £t166  ED 65  El 05  fl 10 
6x11in  ft 20 El 30  £2 05  £2 15 
12‘11in  £2 35  £2 55  E4 02  £4 19 

SS- Single sided copper DS - Double sided  The 
above site, are kept in stock but we can supply any 
size board cut to order in any of the following 
thrchn sssss and weights intro lot 1.16 too and 201 
1132 11 amnia loz and 200  11 13 2mml 2or All 

available in single or double sided Special Sites 
menimum order is 10 boards 
We also hare some Frbreglass Board 1.16 SS loz 
Second quality 6,6 4Sp, 6112 lap 11x12 £1,70. 

OALO ITCH RESIST PEN  FERRIC CHLORIDE 
DIM we spare tin  I ?lb bag itin 

FERRIC CHLORIDE 
115 hag £1.511 

FOTOBOARD 
This board has • pomade resist coated surface suit 
able tor manufacturing printed circuit boards to a 
very high standard Simple to use rust make a master 
Pattern of your Circuit on Clear acetate sheet, place 
an F000board and expose to UV or daylight 
Develop then etch in the normal way with Ferric 
Chloride Full Instructions supplied One master may 
oe used over and over again for production runs 

16Ornm Iwo card) 
1013nwn  2213mon 14 a 81121n I  Sided  Sided 
Menni  114mm (8 a 41/2 1n 1  ft 50 fl 75 
203nwn  718mrt I8x9in I  El 60  12 00 
4013anrn  211nwn (1619in I  fl 65  U 10 
467mm  33Stm O WN, I  M O  All other 

£6 00  sizes to 
El 00  order 

DEVELOPER CRYSTALS  3Sp 
DEVELOPER LIQUID CONCENTRATE  £1.20 
ACETATE SHEET FOR MASTER  17p 
RESIST STRIPPER CONCENTRATE  £/25 

FOTOSPILAY Light sensitive lacquer in aerosol form 
fo make your own Fotoboard lenough to cover 1-1 1/ 
sq metres of boardl  £2s 
IV EXPOSURE BOX (Supplied in kit forml 91,6 lope 
sure am °paroles from 125 dc  (32.511 
POLYPROPYLENE DISHES 10-allin for etchants and 
developers Different colours available  MIS U 
VOLES HOUSEHOLD ELECTRICAL FITTINGS NOW IN 
STOCK AT TRADE PRICES. 
V9010 1 gang I-way light switch  £I6 
V9070 1 gang 2-wey light switch  £0114 
79040 2 gang 2-way light switch  CI 44 
79100 I gang I 3-amp socket  £1 IS 
79203 2 gang 13-amp 'octet  12.21 
V9300 1 gang 11-amp ski switched  El 52 
19500 2 gang 13-amp sit watched  13 09 
19991W Blinking all plate  10 45 
7201W Cord Grip Lampholder  ED 69 
75W Batten Lampholder  EU et 
174W 3 Term Ceihrg Rose  10 66 
Other items available  send cue !or illustiated 
brochure 

VOLE1 TWIN AND EARTH CABLE 
50M  100M  Per 
Roll  Roll  Metre 

I Eimm  W S CUSS £021 
Snwn  LI M £1720 £027 
2 5rnm  £1315 ERZ ULM 
Poll extra I roll 11 3 or more fa Othnr saps and 
n/IMS on request 

Skip " 

Sip 

1001,A. 
50Vdc 
£4 ma 

TOP 

£121 

CAN CAPACITORS (Electrolytical 

I500d  405  vc  

7Mnrif  125  1/p 
'X "  ny 30p 
4000uF  I5V  2Sp 
41000  16V  300 
47000  lOX 200, 
5000 • 50000 I 6V 100p 
513000  10V  18p 
6800pF  105  Up 
7500 • 75000 16V INS 

e°a°4  2W 110p 
10000iiF  10V  509 

10030HE  250 
11000 • 11COSiE 107 
'1000 • 110)00 i By 
1250041  16V 
150000  10V 
'50000  25V 
1E0300  I6V 
'6500 • 16503µF tory 
70013Cht1  IOU 
121030  10V 
350113u1  15V 
390001J  701/ 

UNMARKED PACKS 110 maul packs 0501 
50 Silicon 8 Germanium Transistors 
50 OC /1 Type Transistors 
50 Silicon Diodes 
50 Germanium Diodes 
Si BI M 400mW Zener Diodes 
100 Polystyrene Capacitors 

MARKED PACKS 
25 Polyester Capacitors 
30 PCB Type Electrolytics 
25 Axial Lead Electrolytic s 
MO Mica and Ceram< Capacrtor 
700 Preformed Resistors 
100 Asstd Carbon Resistors 
50 Asstd 1 13W Resistors 
50 Asstd  Resistors 
Si Asstd IW Resistors 
10 164001 Diodes Preformed 
10 I uF Cerainrc Disc Caps 
Si Asstd Transistors 
30 Asstd Its 
2 Plastic Toggle Switches 
12 Asstd Glass Fuses 
10 Tani Caps 68u1 50S/ 
20M 1011V Disc 
3 9pF 0505 Ceramic 
loot 750V Ceramic 
190M 12KV Ceramic Tube 
1000p1 100V Paper 
500p1 100V Paper 
I ur 600V Mixed Dreleconc 
05uf 150V ?Axed Dielectric 
03u/ 3505 Mixed Dielectric 
02uF 350V Mixed Dielectric 
22uF 160V 901yeSter 

PLUGS AND SOCKETS PACKS OF 10 
Std Mono Jack Plug Plastic 
Std Mono Jack Plug Metal 
Std Stereo Jack Plug Plastic 
Sod Stereo Jack Plug Metal 
Sid Mono Jack Socket Plastic 
Std Mono Jack Socket Metal 
Std Stereo Jack Socket Plastic 
1 5man Jack Plug Plastic 
2 5nun Jack Plug Metal 
2 berm Jack Socket 
2 Sawn Jack Socket Line 
3 5nun Jack Plug Plasuc 
3 Sam Jack Plug Metal 
3 5mm Jack Sockel 
3 5rown Jack Socket Line 
2 Pin Din Plug 
2 Pin Din Socket Chassis 
2 Pen Din Socket Line 
5 Pm Din 180° Plug 
5 Pin Din 180 Socket 
5 Pin Din 240. Plug 
5 Pin Din acr Socket 
Phono Plugs Istate COlOurl 
Phony Line Skt Istate colour) 
Phono Skt RCA metal screw-in type 
PL259 UHF Plug 
P1259 Reducer 

OTHER COMPONENTS IN PACKS OF 10 
Croc Clip Red or black sheet, 
PP3 Battery Clip 
PP9 Batten, Clip 
20mcn Panel Fuse Holder 
Min Push Button Push-Make 
Min Pash•Bunon Push Break 
3rtan Red LED 
5rnm Rod LED 
km LED Clio 
Sawn LED Cho 
8 Pin Low Noble Skts by 11 
14 Pin Low Prohle Skts by TI 
16 Pin Low Profile Slats by T I 

USEFUL TEST LEAD PACK 
A set ol 10 leads lOin long in amid colours termi• 
naled at each end with matching coloured vinyl cov-
eted crocodile clip 
Per set ot 10 leads  MSS 
10 Sets I a 100 leads  £7 70 
Cheaper than making them yourself ORDER TODAY 

1,4 COAX EQUIPMENT 
Sod Plastic Coax Plug  10p each 10 for 10, 
Std Coax Coupler  ISp each 10 for £1.38 
Single coax ski in std Rust plate  OSP 
Double com skt in std flush plate  97p 
T3/ Lead with plug. each and 2M long  15p 

HEADPHONE JUNCTION BOX 
A most popular stereo 'unction box  facility for Iwo 
pairs 01 headphones and two speakers 3-position 
swach enables you to select headphones, speakers 
or both 
£2.91 each 10 for £20. 

PLASTIC BOXES WITH LID 
11x49‘25mm White  500 
71x49x1Strn Black  Sep 
120x80,35mm Black  10p 
ION 110.55mm Black  El 35 
TOY dc Solderrng Iron  Ideal or ohs on the c, 
HURRY, ONLY A FEW Al THIS PRICE  £2 30 

alp 
SSP 
lip 
Ilep 

TOP 
lle 
Np 
Sip 
lap 
llep 
ISM 
254. 

4011 
40P 
Np 
401/ 
lip 
lip 

40 0 
Illp 
Np 
Np 
Ma 
lip 
RIP 
Np 
Np 
MP 
40 P 
SOP 
sop 
S09 
50 9 
509 
20p 
5P 
5P 
75p 
5P 
4p 
75p 
11p 
14p 
llp 
109 

El Si 
£2 SO 
1220 
1350 
El 50 
£1 30 
1220 
El 00 
£095 
£095 
El 10 
CO 35 
El 60 
EO M 
El 10 
CO 80 
EC /9 
CO 90 
El 11 
El 70 
El 45 
1120 
1090 
El 130 
El 00 
1328 
PO 85 

£0 60 
1050 
El 013 
E2 10 
El 40 
El 70 
EON/ 
1090 
Ed 30 
£0 30 
EC 87 
El 05 
1123 

POST AND PACKING please add 50p post and pack 
mg to orders under £10 Post free over 110, ADD VAT 
at the current rate of 055, to total 
BUMPER WHOLESALE LIST AVAILABLE SHORTLY 
Send f I for your coltr nOw 

SALE — BARGAINS 

First the EuroBreadBoard 
Now the EuroSolderBoard 

---t. x 
cio 

e‘P 

Indispensible 
for the professional 

Ideal 
for the beginner 

Design on a EuroBreadBoard — Instal on a EuroSolderBoard 

First the EuroBreadBoard 
Will accept 0.3" and 0.6" pitch DIL It's, Capacitors, Resistors, 
LED's, Transistors and components with up to .85mm dia leads. 
500 individual connections PLUS 4 integral Power Bus Strips along 
all edges for minimum inter-connection lengths. 
All rows and columns numbered or lettered for exact location 
indexing (ideal for educational projects) 
Long life, low resistance (<10m ohms) nickel silver contacts 
£6.20 each or £11.70 for 2 

Now the EuroSolderBoard 
New 100mm square, 1.6mm thick printed circuit board with pre-
tinned tracks identically laid out, numbered and lettered to Euro-
BreadBoard pattern. 
Four 2.5mm dia fixing holes. 
£2.00 for set of three ESB's 

And don't forget the EuroSolderSucker 
Ideal for tidying up messy solder joints or freeing multi-pin IC's, this 
195mm long, all metal, high suction desoldering tool has replaceable 
Teflon tip and enables removal of molten solder from all sizes of 
pcb pads and track. Primed and released by thumb, it costs only 
£7.25 including VAT & PP  iove 

Snip out and post to David George Sales, 
Unit 7, Higgs Industrial Estate, 2 Herne Hill Road, London SE24 OAU 
lomma 

David George Sales, HE8 
Unit 7, Higgs Ind. Est., 2 Herne Hill Rd., London SE24 OAU 
Please send me:-

1 EuroBreadBoard 

or  2 EuroBreadBoards 

or  3 E uroSolderBoards 

or  1 E uroSolderSucker 

@ £ 6.20  0 

@ E11 70  0 

@ E 2.00  0 

@C 7.25  0 

Please 

Tick 

All prices are applicable from Jan. 1st, 1981 and include VAT 
and PP but add 15% for overseas orders. 

Name   

Company   

Address   

Tel. No   

Please make cheques/P.O. payable to David George Sales 
and allow 10 days for cheque clearance and order processing 
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I Feature 

Famous Names 
Part four of this series looks briefly at the life of Joseph Henry, 

whose name is associated with the unit of inductance 

WE'VE BECOME quite accustomed in this century to remember-
ing the names of famous scientists of the past by using these 
names for measuring units or instruments. This way, even 
though you may have only the faintest notion of who Ampere, 
Ohm or Volta were, you can't escape the familiarity of the 
names. Nevertheless, some names are not so well known as 
others, and Joseph Henry must rank among the names which 
very few of us would recognise except as the name of the unit 
of inductance. 
Perhaps part of that unfamiliarity is because Henry was 

American, and he worked on many of the projects which, to us 
in the UK, were the province of Michael Faraday. The two men 
were, in fact, very often engaged in the same line of research at 
the same time but, because of the poor communications of the 
time, were unaware of each other's work. That'll teach us to 
complain about second-class postl 
Let's start at the beginning. Joseph Henry, who was born in 

1797, is regarded as the second most outstanding US scien-
tist, taking second place only by a whisker to Benjamin Franklin. 
Let's see if we can catch some flavour of what he contributed to 
our knowledge of electricity. 

Choice For Life 
Joseph Henry intended to study medicine when he went to 
Albany Academy in New York in the 1820s, but medicine was a 
science in its infancy and Henry caught the excitement which 
surrounded the study of electricity. In 1825 he abandoned 
medicine and changed to a course of practical science, which 
we would now call engineering. He was brilliantly successful, 
and in 1826 was appointed to teach Mathematics and Physics 
at Albany Academy. This was a wise choice, both for him and 
for the Governors of the Academy. In Joseph Henry, Albany 
Academy gained an outstanding teacher and a brilliant scien-
tist. Few discoveries have ever been made which have come as 
a complete surprise to anyone with a really good grounding in 
Mathematics and Physics — and there is nothing better than 
these subjects today to ensure an education which will set you 
up for life. 
His work began to bear fruit in 1829. Until that time, elec-

tromagnets had been made by winding bare wire onto in-
sulating formers which were threaded to ensure that one wire 
could not short against the next — we still wind coils for short-
wave receivers this way. Henry demonstrated that by using in-
sulated wire and by winding it closely, layer over layer, he could 
greatly increase the lift of an electromagnet. He proved the 
point by constructing a magnet which could lift nearly a ton, and 
gave it to Yale University. 
Electromagnetism naturally led to the idea of generating con-

tinuous movement by using electricity, and to a form of electric 
motor in 1829. This was eight years after Faraday had first 
demonstrated the possibility of causing continual motion by us-
ing magnetic forces, but Henry's motor was a much more prac-
tical affair, quite capable of being built in larger form to drive 
machinery, as indeed it soon was. 

Early Telegraphy 
By 1831 Henry was working alongside another famous scien-
tist, Samuel Morse. Their task was the development of the elec-
tric telegraph, the invention which, along with the railway, was 
to open up the West and spread law and civilisation. The 
telegraph was the start of communications as we know them 
today. It's difficult for us now to appreciate what this must 
have meant in an age when the fastest communication bet-
ween points too far apart to see was by a man and a horse. 
The telegraph was initially a very simple device, consisting 

of an on/off key at one end and a current-detector at the other, 

with lots of wire in between. The effect of all that wire in bet-
ween was one of the problems which Henry decided to tackle. 
In practical terms, the greater the distance between two sta-
tions on the telegraph, the slower the operator had to transmit. 
If he didn't slow down, the receiver did not indicate a clear-cut 
dot or dash, up to the point where it might even have stopped 
moving altogether. 
In 1831, Faraday had discovered electromagnetic induc-

tion. If you move a magnet near a wire, a voltage appears bet-
ween the ends of the wire while the magnet is moving. Henry 
took up this idea, and reasoned that physical movement was 
not necessary, only a change of magnetism. When a current 
starts flowing through a wire, there must be a change of 
magnetism from zero (no current) to whatever amount is pre-
sent when the current reaches its full value. This change of 
magnetism, Henry reasoned, should also cause a voltage to be 
induced in the wire — the same wire! He realised further that 
this induced voltage would oppose the current and try to stop it 
from increasing. It was this opposing voltage which was caus-
ing the odd effects on long telegraph lines, and the effects could 
be much more conveniently studied by winding the long wires 
onto electromagnets. Henry looked at some of his old elec-
tromagnets, and made measurements of the voltage across the 
terminals when the current through the coils was changed. He 
found that for a given shape of magnet, with a set number of 
turns, the ratio: 

voltage across terminals 
rate aT change of current 

was constant. 
This constant quantity had no relation to the DC resistance R 

of the wire. Henry called the quantity 'self-inductance', and 
another of the essential quantities of electronics was born. 
In the same year of 1832, Henry was appointed Professor of 

Physics at the College of New Jersey — now Princeton Univer-
sity. Some idea of the breadth of his ability may be judged from 
the subjects he was expected to teach as well as Physics — 
Maths, Chemistry, Minerology, Geology, Astronomy and Ar-
chitecture! 

Mutual Inductance 
He continued his research, looking now at the transformer ef-
fect in the light of his discovery of self-induction. He soon 
discovered what had been observed by Faraday earlier. If two 
separate coils of wire are wound around a ring of iron (an ar-
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rangement we now call a toroidal transformer, and treat as if it 
had just been invented!), then a change of current through one 
coil causes a voltage across the other for as long as the current 
is changing. Once again, Henry made measurements, and 
showed that the ratio: 

voltage across second coil   

rate of change of current through first coil 

was a constant for a given transformer. He called the quantity 
mutual inductance, so providing constructors of transformers 
with a method of measuring the 'goodness' of their construc-
tion. It was hardly surprising, then, that the units of both self-
inductance and mutual inductance were to be called Henries, in 
his honour. 

Early Radio? 
The days of his great discoveries were almost over, for by this 

Figure 1. Henry's 
experiment where a 
needle, with a coil of wire 
wound over its length 
connected to an 'aerial' 
and 'earth', became 
magnetised by the 
electromagnetic radiation 
from a distant lightning 
flash 

NEEDLE WITH COIL 
WOUND OVER ITS 
LENGTH 

i/ 

OTHER END OF 
COIL CONNECTED 
TO 'AERIAL' ATTACHED 
TO KITE 

ONE END OF COIL 
----- CONNECTED TO METAL 

PEG IN GROUND 

time Henry was a senior scientist devoting his life to bettering 
science education, but one curious little experiment makes us 
wonder what might have been. He described coiling a wire 
round a needle, attaching one end of the coil to earth, and the 
other to a wire (we would call it an aerial) held up by a kite (see 
Fig.11. After a lightning-flash some eight miles away, he found 
that the needle had become magnetised. This was probably the 
first recorded action of radio waves — he might so easily have 
gone on to see if the needle would also have become magnetis-
ed by a spark generated at a distance by a battery and a coil! 
By the time he died in 1878 Henry had achieved all this, and 

just as important, served as the first secretary of the Smithso-
nian Institute. The Smithsonian was the agency by which US 
Government money could be channelled to support scientific 
research, the start of the process which put a man on the moon 
and which made the US the predominant force in world 
technology. 

DISTANT 
ELECTRICAL 
STOR M 

HE 

Name 

Address 

Send to  City    Country   

Dr. Kristmas vag 31, 193 00 Sigtuna, SWEDEN 

[ ROPE  Telephone 1461 76051475 

Book 1. 
Book 2, 
Book 3, 

ANNIIDIJ%CiNC 
A NIE W SIET 
CIF UA W 
IEILIECIFIA)VICS  
This 5 volume set contains over 500 pages. 
Bound in stiff linen. Cover size 8'/,in x 5in. 
Price £10.00 per set (we pay the postage) 

Introducing Electronics  Book 4. Meters/Voltage-dividers 
Resistors/Capacitors  Book 5. Transistor Project Circuitry 
Inductors/Diodes 

The manuals are unquestionaby the finest and most up-to-date available 
and represent exceptional value. 
This series has been written in a fascinating, absorbing and exciting 
way, providing an approach to acquiring knowledge that is a very 
enjoyable experience. Suitable for industrial trainees, City and Guilds 
students, DIY enthusiasts and readers of electronic journals. 
Each part explains electronics in an easy-to-follow way, and contains 
numerous diagrams and half tone blocks with construction details and 
circuit diagrams for making the following transistor projects  Lamp 
Flasher, Metronome, Wader, Photographic/Monostable Timer, Metal 
Locator, Geiger Counter, Radio Receiver, Intercom., Intruder Alarm, 
Electronic Organ, Battery Eliminator, Anemometer, Sound Switch, 
Light and Water-operated Switches, Pressure-operated Switches, Light 
meter, Radio Thermometer, Ice Alarm, 

Order Now 
Selray Book Company 

11 Aspen Copse, 
Bromley, 
Kent. BR1 2NZ 

OUR 100% GUARANTEE 
!,hoult1 you decode to rttuf n ff.  f ff. f 0  ff,,,fro 

YOU , emney wv  be felund.K1 t•y ref of n of rfoyf 
• 

Amount enclosed   

Name  

I Address 
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Competition Results 
On Friday 29th May 1981, entries from the finalists in the Hobby Electronics 
Wales and West Schools' Electronic Project Competition were judged at the 
Unicorn Hotel in Bristol. We present 
details of the winning entries 

BECAUSE OF THE high standard — and 
diversity — of the entries, the final 
choice was a difficult one. We had to 
balance, for instance, originality with 
constructional skill and ingenuity with 
improvisation. Several of the designs 
had been built, out of necessity, strictly 
to a low budget and yet high standards 
had been maintained. 

The Winners 
FIRST PRIZE was awarded to Nicholas 
Murphy, aged 17, from Abingdon School, 
Abingdon, Oxon. His project was a 
Chemical Conductivity Computer Interface 
— called Datafeed 1 for short. When 
connected to two probes immersed in a 
solution, the instrument compares any 
detected change in resistance with preset 
calibrated values. The project was designed 
from first principles for a practical purpose; 
that is, to enable chemical reactions to be 
monitored continuously by a computer. (It 

First Prize winner 
Nicholas Murphy, 
from Abingdon 
School 

Front view of Nicholas's project, Datafeed 
1, with the cover removed 

has been used with an Apple computer.) 
Nicholas designed the printed circuit board 
(PCB) for his project. 
He will receive a component voucher for£  
100, and Abingdon School will be 

presented with two Kikusui 538A 
oscilloscopes, from Telonic Berkeley (UK) 
Limited. The Hobby Electronics Award 
Trophy will also be presented to the school. 

Project designed and built by Second Prize 
winner Paul Miller, from Filton High School. 
The project allows up to 10 power sockets 
to be switched on and off by ultrasonic 
remote control 

SECOND PRIZE went to Paul Miller, aged 
16, of Filton High School, Stoke Gifford, 
Bristol. His project was a device which 
could enable physically handicapped people 
to switch a variety of mains appliances on 
and off by remote control. The project had 
been designed by Paul and was among 
three finalists' entries which had been 
designed with the International Year of 
Disabled Persons in mind. Up to 10 power 
sockets can be controlled by means of a 
hand-held ultrasonic transmitter. The unit 
had been built in prototype form for around 
£12 and included some useful features 
such as visual (LED) indication of selected 
channels and manual override. Like the First 
Prize project this project had been designed 
from first principles, and made use of PCBs 
made by Paul. 
Paul will receive a component voucher 

for £50. 

THIRD PRIZE and TOP JUNIOR PRIZE both 
went to Pierre Varischetti, aged 13, of 
Ashmead School, Northumberland Avenue, 
Reading. His project was an electronic 
organ, where economy was the keyword 
(total cost was around £10). To stress this 
point, the keys had been retrieved from an 
old piano and the case had been built of 
wood taken from 
the cabinet of an 
old TV — and yet 
the organ has an 
excellent 

Pierre Varischetti, from Ashmead School, 
with his 'economy' electronic organ project. 
He was the winner of the Third Prize and 
Top Junior Prize 

appearance, complete with four screw-in 
legs. It uses six oscillators, with one 
integrated circuit for each and, despite a 
simple circuit design and the use of only 
two HP2-size (1.5 V) cells, it produced a 
loud and impressive sound. The organ had 
been designed, as had the other two 
projects, from first principles, and used 
PCBs made by Pierre. 
Pierre will receive a component voucher 

for £25 (third prize) and a Galactic Invaders 
television game from Tangerine Computer 
Systems Limited (under-1 5 age group 
prize). 

A HIGHLY COMMENDED ENTRY was 
submitted by the Electronics Club of St 
Birinus School, Didcot, Berkshire. This 
project, described as a Stage Lighting 
Computer, was so large and consisted of so 
many parts (complete with back-up service 
and test gear) that it took the best part of 
an hour to set up in the room where the 
projects were being judged. Although it was 
still at the experimental stage, the computer 
was designed to control 16 channels (16 
individual sets of stage lights) in 64 steps 
from a pre-programmed memory. (This step 
capacity could be expanded according to 
memory size.) When it is finished, it should 
be possible to program light sequences (on, 
fade up, fade down, and off) from a 
numeric keypad. We were given a 
demonstration of pre-programmed dimming 
on one channel. 
The Electronics Club, under the 

supervision of Mr D Colvern PhD, Head of 
Physics and Electronics, built the computer 
and its peripheral electronic switch gear as 
a joint effort, including the design of the 
PCBs. 
Estimated component cost was placed 

at£ 150, although much surplus hardware 
had been used in the prototype. 

Mr D Colvern, Head of Physics and 
Electronics at St Birinus School, with 
members of the school's Electronics Club. 
The lads are seen busy at work setting up 
their Stage Lighting Computer project 

Free Subscriptions 
The first 25 schools which submitted 
entries will each receive a year's free 
subscription to HE. 
Some of the entries will also be 

considered for use as HE projects. 
We would like to thank all concerned — 

masters, pupils and parents — who took 
part in the '81 competition. Despite the 
cancellation of the Hobby Electronics 
exhibition at Bristol, we were determined 
that this competition would go ahead as 
planned.  HE 
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CD's got an answer for nearly 
everything this month. In fact, the only 
things he seems to be a bit short of are 
free binders 

SIFTING THROUGH the mountains of 
mail I received this month, I came 
across some really interesting and 
stimulating letters (yawn). Anyway, I 
quickly threw them in the bin and took 
a look at more of the usual garbage I 
normally answer — sure enough, here 
they are: 

Dear CD, 
I am a flashing lights and weird noises 
fan. Please could you publish a sort of 
cross between the HE Super Siren and 
an interesting LED flasher circuit? I 
have been buying HE for three years 
now (grovel, grovel), and there are lots 
of copies lying around. I am now 
grovelling at your boots (lick, lick). The 
FREE binder has got to go somewhere, 
so why not unstick yourself from it. 
Stephen J Bemhoeft, 
Stockport, Cheshire 

PS Well, it's nicer tlian D S 
Nightingale's letter — grovel, grovel, 
grovel, grovel. 

Well, there's not much I can say after 
that one except that it's such a 
grovelling letter I reckon you should 
send me a binder! I'll pass your request 
for a project onto the project 
department. 

The next letter pulls out an old boob. 

Dear Clever Dick, 
So you think you are clever enough — 
you haven't found this mistake for two 
years. Yes, two years, back in July 
1979. What I found is in Chit Chat 
(page 55). Figure 2 shows the diagram 
of a circuit which is exactly the same 
as Fig.1 (page 54). The + and — 
inputs on the 741 in Fig.2 should be 
the other way round. 
Do I get a binder for finding the 

record-breaking longest-delay mistake.? 
Your sincerely, 
Dave, 
Margate, Kent. 

Mistakes from two years ago worth a 
binder — you've got to be kidding — 
I've enough problems coping with the 
mistakes this month! 

Dear Sirs, 
You mention in Clever Dick of June '81 
that you hope to publish a much lower 
priced amplifier in a "comming issue". 

Could you please tell me roughly when 
this might appear and how much will it 
cost? Are you planning to publish 
another speaker design with it? 
If you are designing it yourselves I 

feel that the Image Width control on 
the 5080 System is worth retaining, 
and that it is worth concentrating on an 
appearance which will distinguish it 
from commercially available systems. 
Your faithfully, 
R Hanbury, 
Windsor, Bucks. 

Yess, everboddy maykes speeling 
misstakes now and agen yoo know. 
Actually our project lads haven't yet 
finalised designs for the new amplifier 
system so perhaps some of our other 
readers have a few suggestions to 
make, too. 

At last, the first really sensible letter 
this month, and it's worth a sensible 
answer. 

Dear Clever Dick, 
Thank you for your brilliant mag. As a 
beginner in electronics lam not sure of 
the different values of capacitors. 
What does 10u and 100n mean? 
Robert Preddy, 
Bristol 
PS I'm not scrounging for a binder, 
but. . . 

Capacitors are measured in farads 
(abbreviated as F) but farads are very 
large quantities of capacitance, so we 
divide the unit down into smaller bits: 

• One microfarad (1u) is a millionth 
of a farad ie, 1 x 10 6 F. 
A large proportion of all the capacitors 
you are likely to see will be measured in 
microfarads, but some applications 
need smaller values: 

• Nanofarads, where 1n  1 x 
10 9 F (ie, one thousandth of 
a microfarad) 
And smaller still: 

• Picofarads, where 1p = 1x 10 '2F 
lie, one thousandth of a nanofarad). 

It'll probably all seem a bit complex at 
first, until you get 'wallpapered' (that's 
CD slang for 'the hang of it'), but once 
you do you'll be swapping between 
0.01u and 10n as if you have been 
doing it all your life. 
PS It's just as well you're not 
scrounging for a binder, because I'm 
not giving any . . . 

Shut That Door! 

Dear CD, 
I have recently purchased a digital 
coded lock from one of your 
advertisers, and I wish to fit it to my 
street door. But I cannot seem to get 
hold of a solenoid type of lock which 
will operate with the 5-18 V output of 
the system. Could you help? 
Thanks for a great mag, keep up the 
good work. 
T Winters, 
London 

I asked around the lazy slobs who 
'work' in the HE office and none could 
give me an answer to this problem. So 
I'm going to put out a plea to all our 
readers to see if you can help me with 
this one. If you know where Mr Winters 
can obtain a low-voltage operated 
solenoid lock, let me know and I'll 
forward the information. 

The last letter this month is somewhat 
devious. 

Dear CD, 
Can you please tell me if RV2 in the HE 
Phase One Guitar Phase (September 
'80) is 470k or 47k? Also, where can I 
get one from, as it is antilog? 
As a mag which is never BehIND 

othER mags, how about a kit review on 
J Bull's CB Monitor kit in G,G&K? 
Yours cryptically, 
Chris Hand, 
Rochdale, Lancs. 

I looked up 'cryptic' in the Oxford 
Dictionary and it means 'secret, 
mystical, mysterious, enigmatic, 
obscure in meaning'. Does this mean 
that you're secretly trying to persuade 
me to send you something? Well, it's 
too obscure in meaning for me — I 
don't kNOw what you mean! 
The potentiometer RV2 should be 

470k in value. You should be able to 
get one from Watford Electronics (who 
originally stocked the parts for the kit). 
A kit review in GGEW on a CB 

Monitor sounds like a good idea to me. 
I'll pass on the suggestion to the 
relevant quarters. 

I've got to go now, — but keep those 
letters rolling in.  HE 
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CUBE MANIA - FREE OF CHARGE! 
WITH STEP-BY-STEP SOLUTION 

BECOME AN INSTANT MUSICIAN 
NO EXPERIENCE NECESSARY 

The success sto ,,, of lib , so t1 .1 dyl 

As featured on Tomorrow s World . 
Create your own music with a VL.TONE. You combine 
the sound, rhythm and tempo and the VL-1 plays it 
back . beautifully , 
CASIO VL-TONE (VL-11 
Electronic Musical instrument 
and calculator  .- ,  • 

,,,  ,  lit 

i%  III  
(RAP £39.951 
ONLY £35.95 

VL-1 records and plays back up to 100 notes as a me-
lody. One Key Play or Auto Play of Piano, Violin, Flute, 
Guitar and Fantasy, or create your own unique sounds 
with A.D.S.R. 10 built-in Auto Rhythms and Tempo 
control. LCD digital readout of notes and tempo. Also 
1  Calculator  clattery powered with memory and 
program retention. Integral amplifier/speaker. Output 
lack With Song Book. Dims  1'9 x 11 34 x 

MT-30 

CASIOTONE POLYPHONIC 
KEYBOARDS 

With built-in amplifier and loudspeaker 

4imr•••""3""".; "."..i"1-1"11. °'‘IRRP C1151 
ONLY £95 

22 instruments over 3 octaves. 4-position sound 
memory. Battery or mains. 0/P jack. Dims.: 21/4  x 2234 x 
6'7in 6Ib 

** NEW ** CASIOTONE CT-202 
"Son of success. .. The two harpsichords demonstrate 
the Casiotone's talent for sparkling, crystal clear tones . 

Even  more  impressive  is the  clay  
Melody Maker). 

(RAP £3251 
ONLY £275 

49 instruments over 4 octaves. 4 voice memory func• 
tion with push-button selection. 3 vibrato settings and 
sustain. Pitch control. 0/P jacks. AC only. 359 x 34'9 x 
11  15.8Ibs. 

IRAP £2851 
ONLY £245 

14 instruments over 4 octaves. 8 x 2 rhythm accompani-
ments. Vibrato and delayed vibrato. Start/stop, synchro 
start, tempo control, tempo indicator, and rhythm 
volume. Pitch control. AC only. 0/p jacks. 4,43 x 3139 x 

27Ibs. 

CT-401 

(RRP £3451 
ONLY £295 

As 301 plus following, 16 rhythm accompaniments, 
with fill-in. Casio Auto Chord for one finger or auto 
accompaniment. Plays major, minor and 7th chords 
with bass. Balance control, C.A.C. lever, chord lever, 
memory lever and octave switch. Dims. as 301. Weight 
28.21bs, 

CASIO SCIENTIFIC CALCULATORS 
WITH LIQUID CRYSTAL DISPLAY 

for long, long battery ht. 
FX81  FX100  Xbt,t)J 

111 =111111111111i 
• 

aiaraltitartl i 

FX81. 8 digits. 30 scientific functions. 4,000 hours bat. 
tery life. Auto Power Off. 3/4  x 3 x 57/ten. £12.95. 
FX100. 10d, 441, 7,500 hrs. A.P.O. 3/4  x 3 x 51/sin. £16.95. 
FX550. Replaces FX510 shown above. 1 lithium battery 
lasts 13,000 hrs. A.P.O. 10d. 50f. 3/sx 279 x 514in. £19.95. 
SUPER SCIENTIFICS with time dimension. 
FX8100. 46f. Clock, calendar, alarm, hourly chimes. 
countdown alarm, stopwatch.  C 234 x 5Vain. £24.95. 
FX7100. Card version, without calendar £24.95. 
FX6100. Hand held version of FX7100 £17.95. 

CASIO PROGRAMMABLES 
with A.P 0 and memory and programme retention 

11112 0111 0 
11111111111111 
.111111111111111 

•11 61 •111e . 

FX180P  FX3500P  (FX602P) 

FX180P. 10d, 55f, 2 programmes, 38 functional steps. 
integrals and Regressional analysis. 34 x 3 x 5Ttin 
£19.95. 
FX3500P. As FX180P but 61f. 9/32 x 279 x 51/4 in. £22.95. 
FX602P. As FX502P shown above but with alpha nu-
meric display 10-2d, F1f. 32 to 512 program steps, 22 
to 88 registers. 10 pairs unconditional lumps, 9 sub-
routines, 9 levels. 33 parenthesese, 11 levels £74.95 

CASIO MELODY ALARM CLOCK 
CALCULATORS 

M01200 

ML90 

M01200 12 melodies, 2 alarms hourly chimes, date 
memories, anniversary memories, calendar. 19/16 
6 x 234in. £19.95. 
ML-90. Wallet version of above, with stopwatch. £14.95. 
ML-75. Card version of ML-90. lis x 359 x 23/sin. 
£15.95. 
ML2000 Office version of MO-1200. 134 x 4 x 61/4 in. 
£22.95. 

• •• 

LI IS Ill 101 1•2 

UC365  UC3000 
UC365. 3 melodies, universal calendar, date memories, 
two date alarms, daily alarm, hourly chimes, count-
down alarm/stopwatch, time memory. '4 a 41/2  x 21/2 in. 
£19.95. 
UC360. Card version of above. 1/2 2 a 3,9 x 23/sin. 
£19.95, 
UC3000. Office version. 13/4  a 4 x 6' in £27.95. 

Send 20p for our illustrated catalogue. 

THESE SPACE INVADERS WILL 
ALARM YOU - 
THE PRICE WON'T 

Casio's most amazing watches even , 

CA-90 (left) 
£24.95 

CA-901 (right) 
£29.95 

With purchases totalling over £17 50 Only 
on request at time of ordering  Offer 
closes 31 881 Subject to availabtlity 

./101/WA,  

gip 
Time and auto calender, calculator, alarm, hourly 
chimes,  stopwatch,  dual-time.  DIGITAL  SPACE 
INVADER GAME. 

100 METRE WATER RESISTANT 
WATCHES 

with alarm and stopwatch 

V 

W-150 deft) 
£32 50 

W-150C lrighti 
£25.95 

Time and auto calendar, alarm, hourly chimes, count-
down alarm timer with repeat memory function. Time 
is always on display, regardless of mode. S/S. 

W10011effl 
£19.95 

UC5OW (right) 
50m W/R 
£19.95 

W100 is the resin case/strap version of W150. 
UC5OW 50 metre water resistant with universal full 
month calendar display with forward and backward 
stepping 

LCD ANALOGUE/DIGITAL 

AA81 (left) 
Chrome 
£29.95 

AA82 Inghtl 
Stainless Steel 
£39.95 

Dual time, analogue and digital Alarm, hourly chimes, 
countdown alarm timer, stopwatch, auto calendar 

12 MELODY ALARM AND 
STOPWATCH 

M12  117 95  M1200  £29 95 

SYMPHONIC ALARM CLOCK 

MA-1 
£9.95 

Mozart No 40 
or Buzzer. 
Hourly chimes. 
Snooze facility 
13/4  x 41/2  x 3mn. 
asim 

MA-1 

PRICE includes VAT and P&P  Send 
cheques, P 0 or phone your ACCESS or 
BARCLAYCARD number to TE MP US 

Dept HE, FREEPOST, 
164-167 East Road, Cambridge CB1 1DB 
Tel. 0223 312866 
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• Supplement Gadgets Games and Kits 

Two items from Casio are reviewed in GG&K this month: the 
VL-Tone combined electronic musical instrument and calculator 

and the fx-3500P programmable calculator. 
Also under review this month is Adventures With 

Microelectronics, from Unilab, an educational kit containing a 
variety of experimental electronic projects 

Casio VL-Tone — 
Electronic Musical 
Instrument And 
Calculator 

Of all the gadgets that we've review-
ed so far in GG&K, the VL-Tone 
from Casio has been the most 
fascinating because of the variety of 
its functions. 
The VL-Tone comprises a 29-note 

keyboard  (including  sharps  and 
flats), a panel with 5 slide controls 
and 10 push-button controls, an 
8-digit liquid crystal display (LCD) 
and a built-in loudspeaker. The 
whole instrument is housed in a rug-
ged cream-coloured case 300 mm 
long by 75 mm wide by 30 mm deep. 
What the instrument does is 

almost unbelievable, considering its 
small size. Its functions are outlined 
below. 
• Manual play function  — the 

11•••• 

MEN  .IMr 

29-note keyboard comprises nearly 
two and a half octaves. It is a 
monophonic keyboard — only one 
note at a time can be played (in 
other words, you can't play chords). 
• Melody storage — up to 100 
notes can be stored in the VL-Tone's 
memory, and each note number is 
indicated on the LCD as it is played 
and as it is replayed from memory. 
Two methods of replay are possible: 
'one key play' and 'auto play'. For 
the first, the melody is tapped out, 
one note at a time, on two buttons 
designated for the purpose. Thus 
regardless of how badly the melody 
was keyed in, you can tap out the 
notes in perfect rhythm. In the se-
cond method, the melody is played 
back from memory automatically — 
exactly as you entered it — although 
there is provision for tidying up its 
rhythm and for correcting any mis-
keyed notes. There is also a repeat 
function that will replay the melody 
four times. 

11 11 

• Auto rhythm function — the 
following rhythms can be selected to 
accompany your musical efforts: 
march, waltz, four-beat, swing, two 
rock rhythms, bossa nova, samba, 
rhumba and beguine. You can easily 
switch from one to another as you 
are playing, and vary the rate in up 
to 18 steps. 

• ADSR — the letters ADSR stand 
for attack,  decay,  sustain and 
release, and with the VL-Tone you 
can use these functions together 
with other elements to configure 
sounds of your own choice by inser-
ting eight code digits into the 
calculator memory. Believe it or 
not, up to 80 million combinations 
are possible! 

• Preset sounds — apart from the 
ADSR function, you can select 
piano, fantasy, violin, flute and 
guitar. The tonal quality of these 
sounds is surprisingly realistic, and 
to change the pitch of each, the 

iiiiiiii  t4 
III II III 
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PUSHBUTTON  ALARM  TIME MUSICAL 
CONSO TELEPHONE   CHRONOGRAPH 
This is a superbly styled, one-
pica, very compact push button 
telephone with lest-number re. 
dial facility (on pressing one but-
ton it will radial the last number 
you dialledl A special MUTE But-
ton enables you to talk at your 
end without the other party hear. 
mg you  The electronic buzzer 
can be switched on or off. 

£25.95 -It 95 P&P 

FLIP CALLER 
PUSHBUTTON 
TELEPHONE 

This is a very compact beautifully 
designed, high technology digital 
telephone. It has last number re-dial 
facility at the touch of a button. The 
folding part directs the sound into a 
built-in microphone during use. and 
protects they keys when not in use 

£23.95 • Et 95 P&P 

HANDHELD SPACE INVADERS 
A superb game, provides end-
less fun for children and adults 
alike  IWARNING  THIS 
GA ME CAN SERIOUSLY 
EFFECT YOUR PAST-TIME) It 
gives you 90 seconds to hit 
enemy craft The elapsing time 
and 4 digit score is constantly 
displayed Score is decre 
'rented if you hit a friendly 
ship or if enemy missile pene-
trates your defence 

£10.95 75p P&P 

raiteise'e 

Continuously displays hours. 
mine.  Secs.. day of the week. 
AM,'PSA indicator and alarm-on 
indicator  1,10th sec. chrono 
graph  with  lap time  facility 
Alarm plays ''YELLOW ROSE OF 
TEXAS." Comes with a fully ad• 
iustable stainless steel matching 
bracelet (Chrome colour). 

£12.95 LM101 
-50o P8iP 

SLIM PENDANT 
IA  WATCH 

This watch .s beautifully de-
signed as a slim pendant 
and comes complete with a 
26in long neck chain The 
functions  include  hours, 
minutes  seconds  day, 
month and 4-year auto ca-
lendar. Co mes in gold 
colour and is ideal for day 
and night wear 

£6.95 • sop p&p 

SOUND-A-ROUND 
STEREO PLAYER 

DUAL MELODY WORLD TIMER 
At a touch of a outton it 
displays time anywhere 
in the world, with geo-
graphical position incli. 
cated by flashing that 
zone on the world map 

It has two alarms 
a home time alarm and a 
world time alarm, each 
play different melody for 
a wait 30 secs, it also 
has song demonstration 
facility 

£24.95 - 75p P&P 

LADY'S SUGAR COATED 
Lady's 9-function LCD WATCH 
watch  Hours, minutes 
seconds, month, date. 
backlight, auto date/time 
display mode 4-year 
auto calender This watch 
has an optional auto de-
tartime display mode In 
this mode, time and date 
,s alternatively displayed 
every 2 seconds 
(Chrome or gold, 

£5.95 50p P&P 

DUAL TIME COUNTDOWN 
ALARM CHRONOGRAPH 

This superb watch has all the fee 
tures one would ever need It has 
selectable 12/24-hr  display 
count-down timer/alarm duel-
time zone, chronograph with lap 
time facility. 24-hr alarm 'with 5 
min  snooze facility back light 
fully adjustable stainless steel 
bracelet and we are offering it at 
our incredibly low price 

£8.95 • 50p P&P 

8-DIGIT LADY'S SNOOZE 
ALARM 

*it 

This is a very good value 
for money, it has large 
easy to read 6-digit 
display and shows hours, 
minutes and seconds. 
pressing a button it 
shows date, month, and 
day of the week, the 24' 
hour alarm has 5 min 
snooze facility It has a 
fully-adjustable  bracelet 
and a backlight  'Gold 
colour) 

€7.95 • 50p P&P 

GALAXY GAME II 
This hand-held co mpu-
terised game unit has three 
different games, and allows 
one or two players to play at 
two skill levels (slow and 
fast)  A two-digit display 
shows the score 
The three games are 
CROSSFIRE 

2 PASS THROUGH 
3 FOLLOW ME 

£10.95 • 75p P&P 

ELECTRONIC 
LIGHTERS 

Beautifully styled  lighters 
for gentlemen and ladies 
No need to change flint or 
put in new batteries 
Battery-operated models 
also available if required 
late .° specify)  These 
lighters come in attractive 
presentation cases and are 
ideal gifts 

£4.50 • 50o P&P 

SUPER SLIM PEN WATCH 
Beautifully-styled super slim 
stainless steel ballpoint pen 
(replaceable refill) combined 
with precision quartz 
timepiece, normal display is 
hours and minutes with 
flashing colon, date and 
month and second, can be 
displayed by pressing a 
button, 4-year auto calendar it 
co mes in a very neat 
presentation case Our price 

£8.95 50o P&P 

You can enjoy a very high-quality 
perfect stereo wherever you go or 
whatever you are doing This very 
high quality stereo player comes 
complete with a carrying case, a set 
of super sensitive extremely 
lightweight headphones and a 
demonstration  cassette  A very 
special feature is the 'HOT LINE: 
this enables you to hear what is 
going on round you through a 
built-in microphone It has a socket 
or additional headphones 

£44.95 .ft 95 PAP 
Extra headphones 

£7.95. 75p p&p 

c 
- -

GAME & WATCH 
Watch game combination 4 games 
available, each with two options 
Fireman (pictured abovel rescuers 
catch the LCD figures in a net as 
they jump from a burning building 
and bounce them into the ambu 
lance Also available  Extermina-
tor, Juggler and Flagman 

£13.95 • Thy PAP 

STAR CODE 10 
WALKIE TALKIES 
Made by GENERAL ELECTRIC 
COMPANY  use 49MHz AM 
ICrystal controlled  single 
channel)  The other features 
include  STAR CODE signet 
key for sending mOrse code 
messages (range alkOrox 
mild 
Combination spe•ker/rnic 
(range approx 
S A E for details 

£23.95 • Et 95 P&P 

FLUORESCENT 
PORTABLE LIGHT 

A very useful battery-operated 
high-power fluorescent light for 
use in the car or for camping 
Uses 8 'EY size cells and it has a 
socket for 12V DC input kr use in 
the car Power consumption is 6 
watts  New circuit makes bar 
teres last longer 

£4.95 95 PP" 

FM WIRELESS MICUPIIINE 

ik
This high quality Electret microphone can be tuned 

13°5-9 g11- 71Fg1 the ran 

received on any FM 
receiver, the range 
depends  on  the 
sensitivity of the receiver 
Uses one penlight battery 
which fits inside the 
microphone Idea. for 
parties, discos and clubs 

£8.95 • 50p PAP 

NENTONE WALKIE TALKIES 
These impressively designed 
Wallies Talkies are very good 
value for money  These have 
built. in morse-code button, 
volume control, telescopic an 
fence, belt clip, transmit receive 
indicator, 49 MHZ AM crystal 
controlled transreceiver The 
effective range for morse code is 
approx 141-mile and for speech 
spprox  liarnile  Use standard 
PP3 type battery 

£18.95 • f 95 P&P 

2-BAND HIGH 
QUALITY 

HEADPHONE 
RADIO 

You  can  buy  thus AM/FM 
Headphone radio for the price 
of lust headphones Runs off a 
single  PP3  battery  has  a 
volume control and a tele-
scopic aerial for FM wave-
band The ideal gift for young-

£9.95 -95p p&P 

32 THU IIIMMINE/IMRCIAll MAUI 
This doorchime is Powered  - -• 
from 9V 4-c source, and has 
battery back-up facility It has 
an automatic tune advance fa 
Oily and single or dual play 
options at 3 selectable speeds 
A built in burglar alarm circuit 
allows construction of a NOR-
MALLY CL OSE D alar m 
system two bell pushes can 
be connected, each playing 
different tunes 

£9.95 - 95o P&P 

THREE-IN-ONE 
FLUORESCENT 

This very compact unit is a 
torch, a portable fluorescent 
light and a hazard flashing 
amber light, all built into one 
neat case It comes complete 
with a shoulder strap to allow 
both hands to be free Ideal for 
campers hikers and motorists 
Runs on six C size batteries 

£6.95 95p P&P 

COMBINATION LOCK 
BRIEFCASE 

LIGHTWEIGHT HIGH QUALITY 
STEREO HEADPHONES 

This is a very high quality stereo 
headphone, to minimise the size 
and weight it uses Sananum co 
belt magnet and a sensitive poly-
ester film vibrator unit enables 
very stable Hi-F stereo sound. 
with minimum distortion  The 
frequency range is 20-20.000Hz. 
impedance 32 ohms. sensitivity 
98 elbrrnw, maxi mu m input 
power 100mw. weight 40 gms 
(excluding cord) 

£7.95 - 25p P&P 

CAR ELECTRIC 
AERIAL 

Add a little luxury to your car by 
installing this motorised car aerial 
Can be instailcd in any car or truck 
with 12V supply  It is an excellent 
value for money and man ideal gift 

£8.95 • £1 25 P&P 

Lady's Sugar-Coated Dress War.h 
Lady's 9-Function Dress Watch 
Lady's 4-Function Dress Watch 
Gent's 5-Function Watch   
Vibration Sensitive Car Alar m   
Door Chain Burglar Alar m   

Gent's Ultra Sli m 12/24-hr. Melody Alar m Chrono 
100 W Instant Soldering Gun (Pistol type) .   

£5.95 - 50p P&P 
£4.95 - 50p P&P 

  . £3.95 - 50p P&P 
  £3.95  50p P&P 

  E1 50 - 50p P&P 
El .99 - 50p P&P 
[10 95 • 50p P&P 
£6 50 - 95p P&P 

CAI :TEAR PLAYS WITH 
AM/FM-11PX W10 

This compact, quality product is 
designed to provide you with 
exceptional listening pleasure The 
features include, AM/FM dial-in-
door. local/distance attenuator 
switch for better stereo reception, 
AM/F M indicator. FM stereo 
indicator  Fast forward and eject 
button for cassette  balance 
volume and tone controls 7-watts 
per channel output 

£29.95 • El 90 P&P 
Suitable speakers E5 per pair • 95P 

P&P 

This is e very good quality 
simulated leather executive brief 
case  with  combination  lock  IT 
million combinations) having three 
independent digit combinations on 
each  side  You  set  your  own 
combination and you can change 
the  combination  whenever  yOu 
desire We are offering this superb 
product at a very special price 

Ei g. g5 • E2 90 P&P 

TALKING ALARM 
CLOCK/STOPWATCH 

QUARTZJRAVEL 
ALARM CLOCK 

This is a very versatile alarm clock, 
you can use it in the car, in the 
kitchen or as a desk top clock Large 
Ilcrn character sue) display makes 
it easy to read from a distance It 
has 4-year auto calendar. backlight. 
AM/PM indicator and alarm on 
indicator 

£7.95 75p P&P 

CIMPHINIONE IAMUA 738 
This is the most advanced 
computerised  telephcne on  the 
market It has a built-in calculator, 
clock with seven alarms, a stop 
watch/timer, 28 memories to store 
most frequently used telephone 
numbers, automatic dialling of pre-
programmed  number,  automatic 
rechal with repeat dialling at short 
intervals until the other party 
answers, a one-way speaker 
enables you to monitor the line. 
Push-button dialling, built-in 
telephone index and lots of other 
features  It is being sold in 
Exchange and Mart at f150,00, but 
we are offering it at a very special 

w £55.95 E2 90 P&P 

COM CIULEU TELEPHONE 
This telephone system ca., -
freedom from the desk, the bdse 
station connects to your telephone 
line, the remote hand set can be 
carried in own case with shoulder 
strap or clips to your belt You car 
receive calls or make calls from 
within a radius of 1/4. mile from base 
station  The hand set has push 
button dialling with last number re 
dial facility and has rechargeable 
batteries The batteries are charged 
when plugged into base station It is 
being sold elsewhere for C169 00 
we are offering d at a very low 

price  £139.95 L7 90 P&P 

AKHTER INSTRUMENTS LTD. 
11-15 BUSH HOUSE 

HARLOW, ESSEX CM18 6NS 
Tel. 0279 414464 

PHONE YOUR gARCLAYCARO 
OF ACCES: 18818 
FOR IMMEDIATE DESPATC11 
244se wen 

sr•crmas 
11":11 

GUARANTEE: All our products are guaranteed for a 

period of 1 year. We also offer a 10-day money back 
guarantee Of you are not cc mpletely satisfied with our 
product, then return within 10 days in sa me Condition 
as you received it). All o w products are fully tested 

_ •  before deSpatch, 

SMOKE DETECTOR 
FIRE ALARM 

Statistics show that it is not the fire 
that kills, it is the toxic fumes before . 
the flames which are the killers 
This early warning smoke detector 
can detect the fire at its early 
stages, and give those extra vital 
minutes to save life At our offer 
price you could put one in each 
room If you buy four, we will give 
you one free Each unit comes con, 
plete with a battery (Please note 
that all units are tested before des-
patch in case of malfunction, our 
liability is limited to the replace-
ment of alarm unit) 

£8.95 - 75p P&P 
P&P for more than one unit it 501 

RAPIDE REACTOLITE 
SUNGLASSES 

These photochromatic sunglasses 
get darker as the sun gets brighter, 
and are crystal clear in the shade 
These are available in strong metal 
frames in silver  gold or black 
colour These come complete with 
a simulated leather carrying case. 
The suggested retail price is E12.95, 
but we are offering them at a very 
special price of 

£4.95 . 75p P&P 
Sunsitive . Photochrornat c 

sunglasses 

£2.95 • 75p P&P 

This 'Sharp' Talking Clock is a 
'state-of the-art' product  On 
pressing the button it announces 
the time At the preset alarm time a 
musical alarm is played and again 
the time is announced  It has 5 
mins snooze facility Also has a 
useful timer and speaks time 
elapsed every 1 min , 5 mins. or 30 
mins , whichever is selected in the 
stop watch mode it announces the 
elapsed time at preset intervals or 
on pressing of a button at any time 
it is an ideal gift, especially useful 
for blind people Overall size is 11 4 
alto 2 2cms 

£39.95 • 1195 p&p 
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whole keyboard can be shifted to 
one of three different octaves during 
play or replay. 

• Demo melody — one press of the 
orange button on the VL-Tone pro-
duces a 'German folk song', com-
plete with a variety of rhythm back-
ings. 

• Calculator — in this mode, the 
flat notes on the keyboard become 
calculator keys, working in conjunc-
tion with the LCD 8-digit display. 
Add, subtract, multiply, divide, 
square root, percentage, four con-
stants and memory functions are 
available. 

Power Supply 
The VL-Tone uses four AA-size cells, 
and these are claimed to give 12 
hours of continuous use in music 
mode and 4,000 hours of continuous 
use in calculator mode. Alternative-
ly, the instrument can be operated 

from a Casio mains adaptor. If the 
VL-Tone is left switched on without 
being used, its auto-power-off (APO) 
function automatically turns off the 
supply after about six minutes. The 
contents of the memory are pro-
tected when this happens. 

On Test 
This was one gadget that we 
couldn't put down once we started 
playing with it. It was uncanny to be 
able to hear our recorded melodies 
played back, complete with a back-
ing rhythm. The ADSR function 
made it possible to invent some of 
the wierdest sound imaginable! 
After a while, we found that our 

one-note-at-a-time dexterity on the 
keyboard improved, and we felt 
more confident with the pieces in 
the Casio VL-Tone song book. 
The sound from the VL-Tone 

(particularly the bass notes) was 

considerably enhanced when the in-
strument was played through a hi-fl 
system. 
One useful facility was the pitch 

control. With this you could bring 
the VL-Tone into concert pitch with 
other musical instruments. 

Comment 
The VL-Tone performed admirably 
when put through its paces. One 
very small niggle was the 'plopping' 
sound it made when it was switched 
off  (or  turned  itself  off 
automatically). This was particular-
ly noticeable when the instrument 
was played through a separate 
amplifier. 
It is being offered at a discount 

price of £35.95 (normal RRP £39.95 
by Tempus,  Department  HE, 
FREEPOST, 164-167 East Road, 
Cambridge CB1 1DB (tel 0223 
312866). The songbook and a soft 
cover are included in this price. 

CASIO fx-3500P 

Casio's new year calculator release 
was a set of three programmables. 
Although these do not quite come 
up to the FX501/502P standard, 
their low prices are bound to find 
them a wide market. Here, we 
review the best of the three models 
— the bc-3500P. 

Presentation 
The 3500 has a stiff ABS plastic 
case measuring 132 x 72 x 7 mm 
which  fits  into an  attractive 
leatherette wallet. The unit has 38 
keys, most with two or three func-
tions. The keys do not actually click, 
but have a positive feel and we 
always knew when a function had 
been activated. 
The instruction booklet is not par-

ticularly helpful, but the use of a 
large number of examples should 
guide the user to a reasonable 
understanding of the calculator's 
operation. A card is provided (as 
with all Casio scientifics) giving 
physical constants and useful con-
version factors, but there is no short 
form operation guide as provided 
with the FX501 /502P. No program 
library is included and perhaps, if 
Casio is keen to keep its prices as 
low as possible, it could publish a 
program library separately. 

Display 
This unit is an LCD device which 
displays 10 digits plus a 2-digit ex-
ponent in slightly smaller figures (in-
ternal calculations are performed to 
11 significant figures for accuracy). 

The display can be set to read out to 
any number of decimal places (FIX 
mode) or significant figures (SCI 
mode). The calculator maintains full 
internal accuracy, even when roun-
ding the display, but the internal 
result can be rounded to match the 
display  using  INV RND.  An 
engineering key is provided to move 
the decimal point in either direction, 
three places at a time, so that the 
exponent is always a multiple of 
three. 
A range of indicators is provided 

for power on, inverse key, constant, 
mode, program, and data entry. 
Our only complaint was that there is 
no indication that the display is set 
to FIX or SCI modes. The display is 
easily read at any angle in any inci-
dent light. 

Functions 
The literature for the fx-3500P 
claims 61 functions. The calculator 
makes light work of all the usual 
jobs such as trig, logs, hyperbolics 
and their inverses, powers, roots, 
reciprocals, factorials, decimal sex-
agesimal and polar/rectangular 
conversions, random numbers, pi 
and percentages. There are 18 
parentheses nestable in six levels, 
which basically means that the 
calculator can hold six separate 
answers, each evaluated inside up to 
three brackets. A capability unique 
to Casio is the fraction function 
which allows answers to simple 
arithmetic calculations to appear as 
fractions.  This  function  also 
changes fractions to their lowest 
terms or to decimals, if required. 
The 3500 has seven memories 

designated as six K-registers which 

allow full register arithmetic plus 
display/register exchange, and one 
M-register, which gives one-touch 
recall, but allows only M + and M — 
arithmetic. All seven memories are 
non-volatile as is program storage 
and calculator mode. 

Statistical Functions 
The 3500 offers two statistical 
modes; standard deviation as pro-
vided on most decent scientifics, and 
linear regression for computation 
using related pairs of data. In addi-
tion to the usual standard deviation 
functions for both sets of data, linear 
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STEREO RECORD-PLAYER 
£39.95 ,ncl V.A.T. - £2 p & p. 

* Stereo Record-Player with Speakers 
* 5 r- 5 Watts Music Power 
* 2-speed Semi-transcription Deck 
* Durable White Vinyl with Perspex Cover 

7.day MONEY-BACK GUARANTEE 

ADJUSTABLE POWER SUPPLY KIT 
* Complete Kit 
* Fully adjustable from 1.25V. to 30V. 
* 100% Output Shortcircuit Protection 
* Automatic Current Limiting 
* Thermal Shutdown 
* 1 Amp. 3 Amp or 5 Amp (please specify) 

ELECTRONIC THERMOMETER 
£18.50 all incl 

* Complete Unit 
* Remote Temperature Sensor 
* 33 Metres Cable Fined 
* Temperature Dial Reads 0.50° C 
* PP3 Battery not supplied 

INSTRUMENT CASES 
Easy Slide-in Assembly with extra slots for PC boards, etc. Anodised aluminium 
with leather textured finish to top and base. 

Size in inches  Width Height  Depth  Price 
12  x 21/2  x Sin.  £11.75 
12  a 31/2  x 9in.  £14.25 
12  x 51/2  x 9in.  £16.25 

Other sizes available, please enquire. 
CAR CLOCK MODULE, Green Display  £8.65 
CAR WASHER BOTTLE LEVEL SENSOR  £4.30 
ALARM CLOCK MODULE, 24 hour. Red LED  £4.35 

7-SEGMENT LED DISPLAYS: 
0.3in. comm. anode   £0.85 
0.5in. c. an/c. cath., dual digit package   El 50 
0.6in. c. an/c. cath.   £1 20 

SOCKETS: 
Low Profile, dual-in-line. Low price. Send s.a.e. 
ALL PRICES EXCLUDE V.A.T. UNLESS STATED. POST AND PACKING ADD 40p 
TO ALL ORDERS UNDER £10. 
SEND S.A.E. FOR PRODUCT INFORMATION AND PRICES TO: 

TWO + ONE 
COMPONENTS LTD. 
P O. BOX 77, GERRARDS CROSS, BUCKS, SL9 ONT 
TELEPHONE 02-407 3568 

PRECISION PETITE 
MINIATHE DRILLS AND ACCESSORIES 
for all your modelling needs 

PI 

P2 

P3 

I. 

tio c-1 .7 

MeCterCARO 

sorm =si  

A choice of three power 
drills that fit snugly in the 
hand, so light they enable 
you to carry out the most 
intricate tasks — 
shaping, cutting, polishing, 
etc., in the minimum of 
time. 
There are two types of drill 
stand, plus all the necessary 
accessories in a range that 
fills every need. 
Send 9" x 4" S.A E. for full 
details 

SI 

Sole UK Distributors PRECISION PETITE LTD.. Dept. H.E. 

119a HIGH ST. TEDDINGTON, MDX.Tel. 01.977 0878 

EVERY DOOR 
SHOULD HAVE ONE 

Whatever kind of door you have. our New Electronic CombinattOo Lock will enable you to open ,r 
easily but make things very difficult for unwelcome visitors The unit, which comes complete with a 
10)way keypad, requires an easily remembered four digit code to be entered before the door can be 
opened, while the intruder has over 5,000 combinations to choose from The code can be easiiy 
changed by means of a pre-wired plug and a momentary or latched output version can be made 

The kit has even more uses in a car where it may be 
used to disable the ignition Another uselui feature 
is the Save Button This stores the combination 
number, enabling the car to be used by authorised 
persons such as garage personnel without disclos 
ing the code The complete kit measures 7 • 6  3 
ems deep and consumes a mere 40uA when not in 
use, and will drive a 5V to 15V 1750mAl solenoid or 
relay coil (not suppliedl directly So why not treat 
your door to a new lock for ONLY £10.50 and think 
about all the keys you can lose or forget without 
ever locking yourself out As featured in PE, May 

DISCO LIGHTING KITS 

Each unit has 4 channels dated at 1KW., 2400 per 
chem.,/ which switch ramps to pro•de sequencing 
affect controlled mentally or by an opuonal opus 
welted mud. input 
DL 10001( 
This lut features • tocbrectronal 
sequence speed of sequence end 
frequency of direction chimps 
being v•ri•ble by means of 
potentiometers Incor 
nester downing controf L14.110 
0121000N 
A lower cost yersmr, of the above 
featuring undirechonal channel 
sequence with speed variable by 
moms of a preset pot Outputs 
switched onh at mains zero cros 
ung points to reduce radio inan 
femme to minimum  UL M 
Optionai Opto Input 
DLA1  &Op 

TRIACS 

400V Plastic Case (Texas) 
3A TIC2060 
8A TIC226D 
12A TIC236D 
16A TIC2460 
25A TIC263D 

6A with trigger 04006LT 
8A Isolated tab TKAL22613 

49p 
58p 
85p 
95p 
190p 
80P 
65p 
18p 

•4 4  NEW RIDICULOUSLY 
A  el  A 
•  .  LOW PRICE FOR 

0-I  4 

*v  DVM/THERMOMETER 
KIT 

Based on ICL7106 OVM chip and a 3'7 4,pt liquid crystal display 
This kit will form the basis of e digital multimeter  only a few 
additional switches and resistors required (details supplied, Or 
make a sensitive digital thermometer ( 501 to 15 C) reading to 
0 11C The basic kit has a sensitivity for full scale of 200nW. auto 
matic polarity and runs from a 9V PP3 battery 

At this price you can use this kit in place of moving coil meters in virtually any application from 
bathroom scales to bicycle speedometers  the possibilities are endless 

VMOS POWER FETS 

,tzriivtctOsA 600 1,0921 
vN66Af 26 60V 00220/ 

All COMPONENTS ARE BLAND NEW AND TO SPECIFICATION ADO 511p P&P and 15f. VAT TO TOTAL OVERSEAS 
CUSTOMERS ADD f I SO iEurope 14 'elsewhere , lot P&P Send see for price list and with all enquiries Callers 
welcome 330  Fro ID CO4 00 ISet, 

41:14H  TK Electronics 
DiEl 11 BOSTON ROAD. 
LONDON W7 3SJ. 01-579 9794 2842 

ARE YOU SITTING COMFORTABLY? 
Our new TOR3OOK Touch Dimmer Kit will 
ensure that you are Based on our highly 
successful TD300k touch controlled dim) 
rner k t, the TDR3OOK incorporates an 
infra red receiver, enabling the lamp 
brightness to be varied and switched on 
or off by touch or remotely by means of a 
small hand held transmitter  the com-
plete kit, which includes easy to follow 
instructions, will fit into a plaster depth 
box and the plastic front plate has no 
metal pads to touch. ensuring complete 
safety Even a neon is included to help , 
you locate the switch in the dark 

Nte  ̂

in years to come everyone will 
-be selling remote control dim-
mers, but you can have your 
TDR3OOK kit now for ONLY 
£14 30 for the dimmer unit and£  
4 20 for the transmitter. 

For t e more athletic of you. 
the TD3130K Touchdimrner kit 
is still available at £6 50 and 
the TDE11( Extension kit, for 2' 
way switching etc,. is £2 
.DON'T FORGET to add 50p 
P&P and 15% VAT to your total 
purchase 

8 tan 
t 4 pin 
16 pm 

Soldercon Pin 

INTEGRATED CIRCUITS 
55  
741 Op Amp 
AY)5-1224 Clock 

AY•5-1230/2 Clock/Timer 
AY 3.1270 Thermometer 
CA3080 Transconductance Op Amp 
CA3130 CMOS Op Amp 
CA3140 CMOS Op Amp 
ICL7106 DVM (LCD drivel 
ICM7555 CMOS 555 Timer 
LM377 Dual 7W Amp 
LM379S Dual 6W Amp 
LM380 2W Audio Amp 
LM382 Dual/Low noise Preamp 
LM386 250mW low voltage Amp 
LM1830 Fluid Level Detector 
LM291 I y convener 114 pin) 
LM3909 LED Flasher/Oscillator 
LM3911 Thermometer 
LM3914 Dot/Bar Driver (linear) 
LM3915 Dot/Bar (logl 
MM74C911 4 digit display controller 
MM74C926 4 digit counter with 7 sag o/p 
556613 Touchdimrner 
5(.440 AC power control 
SN 76477 Complex Sound Generator 
TBA800 5W Audio Amp 
TBA810AS 7W Audio Amp 
TDA1024 Zero Voltage Switch 
TOA2020 20W Audio Amp 
10A4290 DC Controlled Preamp 
110/313-PET Op Amp 
TL082 Dual J FET Op Arno 
TL084 Oust( JFet Op Amp 
TMS 1121 Clock/7 day time, 
IN1034E Timer 
2N414 AM Radio 
All ICs supplied with Data Sheets 
Data Sheets On)  • er device 

55p 
19p 

£2 60 
f 4 50 
EH 20 
720 
150 
45p 
£7 00 
79p 

El 45 
£3 50 
80p 
CI 00 
75p 

El 50 
El 60 
60p 
Et 20 
£2 10 
£2 20 
Ea 50 
£4 50 
£2 50 
El 75 
£2 52 
68p 
Et 00 
El 20 
£2 B5 
Et 98 
37p 
60p 
El 00 
CO 50 
f 1 80 
95p 

100 
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regression mode provides sum of 
products of data pairs, slope (gra-
dient), intercept, correlation coeffi-
cient, x-estimate and y-estimate. 
Casio  literature  claims  the 
availability of logarithmic, exponen-
tial and power regression, but this 
can only be accomplished by correc-
tion of data — for example, with ex-
ponential regression it is necessary 
to input x and In y. Unfortunately, it 
is impossible to write a program to 
handle  the  correctiori  process 
because programs will not run in 
linear regression or standard devia-
tion modes. 

Integration 
Computation of definite integrals is 
achieved by the familiar Simpson's 
rule. The user must write a program 
to evaluate f(x). He or she then 
chooses the number of sample 
points required from 2 to 512, enters 
the upper and lower limits of in-
tegration and within a reasonable 
time, the integral is displayed. If the 
number of iterations is not set, the 
calculator  decides  for  itself, 
weighing up execution time against 
accuracy of result. 
We tried evaluating the integral 

for a first order Bessel function bet-
ween 0 and 180° and found that in 
16 seconds, the 3500P produced an 
answer accurate to six significant 
figures,  and,  if we waited  32 
'seconds, we received an answer ac-
curate to nine significant figures. 
Similarly good results were achiev-
ed with other functions such as the 
sine integral. 

Programming 
The fx-3500P has 38 merged steps 
(ie, each step performs one function, 
no matter how many keystrokes). 
These are shared between two but-
tons, P1 and P2. Programming is 
limited in all respects — there is no 

GOTO, GOSUB, INT, or FRAC 
capability although rounding to the 
nearest integer is possible in FIX 
mode. Limited jumping is also pro-
vided: RTN performs a jump to the 
first step of the program: x >0 and 
x  jump to the first step, if met 
and continue otherwise. This limited 
jumping  renders  the  branches 
almost useless although simple loop 
control is possible. As a program-
mable, the 3500 resembles recent 
models from Sharp which simply 
store and evaluate formulas. One 
good feature is the ease of program-
ming: one simply has to select pro-
gram mode and then perform a 
calculation in the usual way (the 
calculation is actually carried out as 
it is entered). Two forms of halt 
command are provided, one to 
display intermediate results and one 
which displays a prompt for data in-
put. 
No keycodes are provided for pro-

gram checking and there are no 
editing facilities other than selective 
clearing of programs, which is 
rather annoying as it means that if 
you make one mistake you have to 
re-enter the entire program. 

Comment 
The  fx-3500P  is a powerful 
calculating machine with limited 
programming features at a very 
reasonable price. It will appeal to 
the engineer, 0 level statistician, A 
level mathematician/physicist, and 
low-level researcher. The fx-3500P 
costs £22.95, from Tempus. 
In the same range as the 3500P 

we have the fx-180P, a beefier ver-
sion running on two penlight cells 
which has the same features as the 
3500P apart from hyperbolics, and 
costs £19.95. Also at this price is 
the fx-2700P which uses the same 
case as the 3500P, although it has 
no linear regression or integrate 

modes, can only store one program, 
and has an eight-digit display. 
The fx-3500P, fx-2700P and fx-

180P are all available from Tempus, 
HE Freepost, 164-167 East Road, 
Cambridge CB1  1DB (tel 0223 
312866). 

Timings 
A loop was written to run functions 
100 times and the test results are 
tabulated below. 

basic loop time: 12.5s 

Function 

multiply by 7 

store in M 

store in K3 

square root 

natural 
logarithm 

(In) 

sine 
reciprocal (1/x) 

extract 7th root 

Loop Time Average 
(a)  Execution 

Time of 
Function (a) 

24.5  0.12 

14.5  0.02 

15  0.025 

19  0.065 

38  0.255 

50.5  0.38 

17  0.045 
75  0.625 

These results show the fx-3500P to 
be a very fast machine. In use, it is 
possible to work through a calcula-
tion at a reasonable pace without 
having to check the display to see 
that a scientific function has been 
calculated. 

Good Points 

Slim, stiff, attractive 
case and wallet 
Continuous memory 

Display 
Speed and accuracy 
Fraction capability 

Linear regression 
Integration 

Bad Points 

Instruction manual 
No program library or 
operation guide 
Poor program 
functions, jumps and 
editing 

• 
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Adventures With 
Microelectronics 

If you want to get used to handling 
electronic components, including in-
tegrated circuits, then Adventures 
With Microelectronics could be for 
you. 
At a cost of £36.36, this self-

teach  introduction  to electronic 
components and  circuits comes 
complete in a single box 320 mm by 
198 mm by 35 mm. When you lift 
the lid you are greeted with a hand-
written warning sheet stating in bold 
black  letters:  'STOP!!!  TRAN-
SISTORS ARE DELICATE! HAN-
DLE THEM VERY GENTLY, AND r 
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READ ALL THE INSTRUCTIONS!' 
Well,  at least that should 

discourage the absolute beginner 
from rushing in without reading the 
glossy hard-bound instruction book 
supplied with the kit and making a 
mess of things. 

What's In The Box 
Apart from the book, the box con-
tains an inset tray holding a piece of 
Bimboard (solderless circuit board, 
similar to the Eurobreadboard 
described in Introduction To Elec-
tronic Components on page 47), 
resistors, capacitors, integrated cir-
cuits and a variety of other com-
ponents, all sitting neatly in different 
compartments. 

Choice Of Projects 
You can use these components to 
make any or all of the following pro-
jects: 
An astable, monostable or a 
bistable 
NAND, OR and NOR gates 
Two-tone door bell 
Warbling-wailing siren 
Two-octave electronic organ 
Pulsed flashing lamp 
Light-operated alarm 
Electronic dice 
Traffic lights 
Pulsed bleeper 
Four-bit binary counter 
Reaction timer 
MW/LW radio receiver 

Components for each project are 
simply plugged into the appropriate 
holes in the Bimboard, together 
with links and wires as necessary. In 
this way, the same components can 
be used over and over again. 

The Book 
We found the instruction book, by 
Tom Duncan, to be well written, well 
printed and easy to follow. Drawings 
were made clearer by the use of two-
colour printing (for example, on the 
Bimboard layouts the hole positions 
are shown in black, with the com-
ponents overprinted in blue). 
The book starts out by making 

you familiar with what the 'bits and 
pieces' — electronic components, 
that is — look like, what they do and 
how they are identified in a circuit. 
Full details are also given on how 

to prepare components for insertion 
in the board. 
Each project section is divided 

into: 
• What you need — components to 
be retrieved fr.:nil the box 
• Here is the circuit — circuit of 
project, with pin functions of any ICs 
used 
• How to build it — where to place 
the components, with any special 
precautions 

• How it works — circuit descrip-
tion 
• Things to try — a few experiments 
to try with the completed project, 
such as the effects of changing the 
value of induvidual components or of 
changing their positions in the 
board 
One  recurrent  instruction 
throughout the book was CHECK 
THE CIRCUIT CAREFULLY. That 
bit of advice is equally applicable to 
HE projects! 

Trying A Project 
Back to the same kitchen table 
where the ZX81 kit was built (see 
last month's GG&K), and in close 
range of a supply of coffee, we had a 
bash at the Light-operated Alarm 
project. 
All the components required for 

the project were selected from the 
box. We found that three types of 
resistor had been supplied but 
despite the different bodies for each, 
the colour codes were clearly visi-
ble. 
The two types of 'disc ceramic' 

capacitor were rectangular (plate 
type), and the markings on each 
type might cause some confusion. 
Under the 'Bits and Pieces' section it 
says: 'On a capacitor, 0.1 uF may be 
marked as .1mfd and 0.01uF as 
lOn'. Under 'What You Need', you 
are asked to look for 0.01uF and 
0.1uF. The capacitors in question 
were labelled 100nZ and 10K. 
No problem was found in inser-

ting  the  resistors,  IC  and 
miscellaneous  components, 
although  care was  needed  in 
manipulating the leads of the two 
transistors to ensure that they lined 
up with the holes in the board 
without shorting to each other. 
We found that a pair of fine-nosed 

tweezer pliers were of great 
assistance  in inserting  such 
awkward leads. 

On Test 
After everything was inserted, in-
cluding the links and connecting 
leads, the circuit was carefully 
checked. Everything looked correct, 
and so the switch link was con-
nected. The LED gave a brief flash 
and then the circuit died. When the 
battery connector was twiddled the 

circuit perked up — and died again. 
When the battery voltage was 

checked it was found to be well 
above 9 V (a PP3 battery was sup-
plied with the kit.) But when it was 
tried again the circuit refused to 
work. 
We tried another PP3-sized bat-

tery and the circuit came alive. As 
soon as the light-sensitive resistor 
was covered, the LED began to 
flash. By operating the slide switch, 
audible clicks could be heard from a 
loudspeaker connected to the board. 
We tried the various experiments 

suggested and some interesting 
results were obtained. For instance, 
you could arrange for the circuit to 
operate as a light-sensitive 'alarm 
clock'. (When the dawn breaks the 
loudspeaker gives out a loud 
squeal.) 

Opinion 
We thought that Adventures With 
Microelectronics was a good educa-
tional kit, and it should give many 
hours of entertainment — without 
the need of a soldering iron. As men-
tioned above, some of the com-
ponents need careful handling 
(hence the big notice that greets you 
when you open the box). Some hand 
tools (cutters and pliers) are all that 
are required in addition to what is 
supplied. 
The kit also introduces you to 

solderless prototype circuit board, 
and this board is invaluable for cir-
cuit experiments. 

Battery Post Mortem 
We tracked down the cause of 
failure when the circuit was first 
switched on. When pressure was ap-
plied to the terminals of the battery 
supplied with the kit (Premium 
PP3-P Power Pack from Ever Ready) 
the voltage dropped to zero on an 
HE test meter. So we cut open the 
battery case and, sure enough, we 
discovered a dry solder joint at the 
base of the cell stack. 
Adventures With Microelec-

tronics is available from Unilab 
Limited,  Clarendon  Road, 
Blackburn  BB1  9TA (tel 0254 
57643). Cost is £36.36 with the 
book, or £34.16 without the book 
(these prices are inclusive of VAT 
and postage).  HE 
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Galaxy 1000 SPECIAL OFFER 
WHILE STOCKS % LAST Hand-held 

Games 

FREE SET BATTERIES WITH 
EACH GAME 

Order any one of these games: 
Galaxy Invader 1000 • Jet Fighters 
Basketball • Invader from Space 

Race 'n' Chase • Entex Space Invader 
Safari .. . £19.50 each  free set of batteries 

1/10 EARTH INVADER £24.95 NC 

GRAND PRIX £24.95 NC 

SAE ENQUIRIES. ALL PRICES INCLUSIVE 

tgr'-‘,U1111 B T 6I 6 ROAD LANE. LONDON N.15 4D-1 
Day 01-808 0377; Eve 01-889 9738 
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Chess Computers rl C  S  
TV Games 

Hand Held Ga mes Es 

O,VlS 

rat  rat 

(nrn n 

cc. ID  91? 

The Electronic 
Games 
Shop 

SP  IP 

ACTIVISION IS ALMOST HERE! I. f  O f 

Watch out for the new Activision Cartridges such as ..; ..; 
Drag Racing, Ski-ing, Laser Blast, etc, for the Atari T.V. „" .-',  
game Telephone for details of price and delivery.  
The new Morphy Encore Chess Co mputer has no w  "  

replaced the Sargon as  the  strongest  progra m me IP CP 
available. Unbeatable value at £148.  4! 4! 
FM, CB Radios available SEPTEMBER  .., ... 
Atar VCS  £9 
Philips G7000 Console  Galaxy Invader 1000  a  a 

 £93. 75    £22.95 
Chess Challenger '7' £73   Including free m ains  ,' •,' 

Sensory '8' Chess.... £113 adaptor. Ga m e and  
Watch Ver min, etc £14.95 

Voice Sensory Chal-   
lenger   £228 Atari cartridges all 0., or. 

discounted. 
Philips cartridges all  a  a 

discounted.  '''..1 ,..!.1 

All prices include VAT and postage.  •' •' 
FASTEST MAIL ORDER SERVICE ANY WHERE  ,FP ra. 

Please telephone for details of other games in stock. 
See us at the Personal Computer Show, Cunard Hotel, 
0-12 Seotember.   
-Please make cheques payable to CIRCOLEC and-1 
send order to FREEPOST I no postage required), 
LONDON SW17 8BR 

TELEPHONE  i I) Credit Orders  VISA 
01-767 1233  -.::....  Welcome 

IT  Af  11 PT PT PT P PT SiT 
Oe Or *re Or Of O4 Or Ot Of 0, O4 OY Or 

A  A  A 
A 

A  A 

All these 
advantages... 

• Instant all-weather starting 
• Smoother running 
• Continual peak performance 
• Longer battery & plug life 
• Improved fuel consumption 
fir Improved acceleration/top speed 
• Extended energy storage 

..in kit form 
SPARKRITE X5 is a high loi mance topill iii I y nductive 
discharge eleetroitic ignition system clesigned for the electronics 
D I Y world It has been tried: tested and proven to be iitterly 
reliable Assembly only takes 1 2 hours and itiStirilatinn 
even less due to the patented 'clip on' easy fill ii ii 

The superb technical design of the 
Sparkntecircuit eliminates problems of the 
contact breaker There IS no misfire dile to 
contact breaker txxInce which iselimittateii 
electronically lay a pulse suppression 
circuit which prevents the unit firing it the 
points bounce open at high R P M  - 

Contact breaker burn is eliminated by 
reducing the current by 95% of the norm 

There is atsp a wore in extended dwell 
ciicuit which allows the cod a longer 
period of time to store its energy belie,. 
discharging to the plugs The iinit inch elm's 
built in static timing light systems film:tint, 
light, and security Change( WI .1 SWIICI 
Will work all ri.v col 10'1 ,-; 

Fits all 12 v negative-earth vehicles 
with coil/distributor ignition up to 8 cylinders. 

I HE KI 1 COMPRISESEVERYTHINGNEEDED 
Die pressed case Ready drilled. altiminniin extruded 
base avid beet sink, coil mounting clips and accessories All kit 
components are.giiaranteed for a period of 2 years from date of 
purchase Fully illustrated assimMly and installation instructions lre 
included 

Roger Clark the world famous rally driver 
says "Sparkrite elec ronic ignition systems 
are the best you can buy-

HIGH PERFORMANCE 
ELECTRONIC IGNITION 

IIIPhone your order eolh Access or Barclaycard inr VAT anePP  OUANTITY RIO D 

Electronics Design Associates, Dept. HE/8/81  
2 Bath Street, Walsall WS1 3DE Phone: 10922) 614791 

Name 

Address   

X5KIT £1695  
ACCESS OR BARCLAY CARD No 

enclose cheque PO s tor 

Cheque No 
rre. 

Seed SAE 11 brochure only required 
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Mupitesters  ammo opv 
AC volts  0 - 5 - 10 - 250 - 1000 
DCvolts •  ' 0  05  25  10  50 250  1000 
DCcurrent • 0 - 10ua - 25ua - 500ua - 0 - 5 ma - 50 ma 

- 500 ma - 10 amp 
AC current  10 amp 
Resistance  0 - 20 ohms - 200 ohms - 5 K ohms - 200 K 

ohms - 50 K ohms - 200 K ohms - 5 meg ohms 
- 50 meg ohms 

As • transistor tester 
HE E  0 - 5 INPkb - MVP) 
• ICO •  0 - 5 ua (NPN - PNP) 
Dims  178x 140 x 70 mm 
Please add 30p P P per unit order as MT 20 

Multitester 
20,000 opt 

AC volts 
DC volts 

DC current 
Resitance - 
Deibels - 
Dims • 

Multitester 
Low eav 
Ac volts • 0 - 5 - 150 - 500 - 1000 
DC volts  0 - 15 - 150 - 500 - 1000 
bc current 0 - 1 ma - 150 ma 
Resistance 0 - 25 K ohms - 100 
K Ohms 
Dims  90 x 61 x 30 ram 
Please .add 30p*P P per unit order as MT 

0  10 - 50 - 100 - 250 - 500 - 1000 ' 
0 - 0 5 - 5 - 25 - 125 - 250 - 500 
1000 
0 - 50 ma - 0 5 ma - 250 ma 
0 - 3 K ohms - 300 K ohms - 3 meg °furls, 
- 20 to u 63 db 
127 x 90  32 mm 

Please add 30p P P per unit order as MT 7 

Headphones 
1'c  r.liv ity ',Oar diaphragms Coiled lead 
Finished in a combination of bright aluminium 

Impeclence - 
Frequency response - 
Weight 

8 ohms 
15 - 22000 HZ 
350 gms 

Please add 30p P P per unit 
order as PH 12 

ARROWAUDIO CENTRE 
20 N ORTH BAR BANBURY OXON OX16 OTF. 
TELEPHONE BANBURY (0295] 3677 

„TER MS: C HE QUE/ P O WIT H O R OER. C/ALL-E RS W ELC O M1 S 

More and more new cars use electronic 
ignition to give the best performance and 
economy  Brine YOUR CAR up to top 
specification by fining the latest TOTAL 
ENERGY DISCHARGE electronic system. 

TOTAL ENERGY DISCHARGE gives all 
the advantages of the best capacitive discharge ignitions 

* Peek Performance- higher output voltage 
• Improved Economy-consistent high ignition performance 
• Relief Starting • full spark power even with low battery 
• Accurate Timing -prevents contact wear without comactless errnrs 
e Smooth Performance -immune to contact bounce effects 

PLUS 
SUPER HIGH PO WER SPARK-3 1/2 times the energy of ordinary C D systems 

OPTIMUM SPARK DURATION-to get the very best performance and economy with 
today s lean carburettor settings 

DESIGNED IN RELIABILITY-with the ultimate insurance of a changeover switch to 
revert instantly to standard ignition 

TECHNICAL DETAILS 
HIGH EFFICIENCY INVERTER. A high-power high efficiency regulated inverter 

provides a 400-volt energy source-powerful enougr to store twice the energy of 
other designs and regulated to provide full output even with the battery down In .1 
volts 

SUPERB DISCHARGE CIRCUIT. A brand new technique prevents energy being 
reflected back to the storage capacitor giving 31/2 times the spark energy and 3 times 
the spark duration of ordinary C D systems generating a spark powerful enough to 
cause rapid ignition of even the weakest fuel mixtures without the ignition delay 
associated with lower power long burn inductive systems In addition this circuit 
maintains the correct output polarity thereby preventing unnecessary stress on the 
H T System 

SOPHISTICATED TRIGGER CIRCUIT. This circuit removes all unwanted signals 
caused by contact volt drop contact shuffle contact bounce and ex terna l trans ients 
which in many designs can cause timing errors or damaging un -timed spar ks Only 
at the correct and precise contact open ing is a spark produce d Contact  wear is 
almost eliminated by reducing the contact breaker current  to a low  leve l - lust 
sufficient to keep the contacts clean 

IN MONEY-SAVING KIT FOR M at £14.85  Inc VAT 
Also MOTORCYCLE TWIN OUTPUT KIT at £22.94  an d P P 

All you need is a small soldering iron and a few  basic  too ls - everything else is supplied 
with easy-to-follow instructions 

FITS ALL 6/12-volt NEGATIVE EARTH VEHICLES 

ELECTRONIZE DESIGN 
2 Hilleide Road. Four Doke 

Sutton Coldf held, Weller Mtdlende. S74 400 
Phone 021 308 5877 

946-ireardeett,m 
arshall's 

TRANSISTORS - JUST SOME OF OUR LARGE RANGE 

2N929  0.20 
2N1131 0.20 
2N1507 0.12 
2N1637 0 18 
2N1638 0.25 
2N1991 0.35 
2N2060 300 
2N2195 0.50 
2N2217 0.25 
2N2221 0.22 
2N2368 0.24 
2N2646 0.45 
2N2714 0.12 
2N2904 0.28 
2N2905 0.26 
2N2907 0 26 
2N3053 0.30 
2N3054 0.70 
2N3055 0.70 
2N3108 
2N3393 
2N3402 
2N3440 
2N3441 
2N3570 
2N3638 
2N3642 
2N3643 
2N3702 
2N3705 
2N3706 
2N3708 
2N3709 
2N3711 
2N3714 
2N3716 
2N3732 

0.25 
0.14 
0 11 
0.80 
0.90 
1.95 
0.15 
0.15 
0.15 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
1.00 
1 30 
1.50 

2N3771 
2N3772 
2N3789 
2N3790 
2N3791 
2N3794 
2N3819 
2N3854A 
2N3856A 
2N3905 
2N3906 
2N3962 
2N4036 
2N4059 
2N4060 
2N4249 
2N4284 
2N4286 
2N4288 
2N4400 
2N4822 
2N4898 
2N4901 
2N4903 
2N4907 
2N5033 
2N5220 
2N5222 
2N5246 
2N6109 
2N6124 
2N6126 
40254 
40312 
40316 
40363 
40389 

1.65 
1.90 
0.90 
1.50 
1.50 
0.12 
0.22 
0.20 
0.25 
0.14 
0.15 
0.25 
0.48 
0.13 
0.13 
0.13 
0.15 
0.12 
0.12 
0.15 
0.50 
1.00 
1.25 
1.50 
1.75 
0.35 
0.12 
0.15 
0.15 
0.30 
0.50 
0.64 
0.50 
0.50 
0.50 
0.20 
0.20 

AC127  0.20 
AC128  0.24 
AC153K 0.20 
AC188  0.30 
AC188K 0.35 
AD161  0.45 
AD162  0.45 
AF106  0.12 
AF109  0.12 
AF126  0.12 
BC107  0.16 
BC108  0.16 
BC109C 0.16 
BC115  0.19 
BC118  0.19 
BC136  0.12 
BC147  0.12 
BC148  0.12 
BC149  0.12 
BC159  0.14 
BC160  0.34 
BC167  0.12 
BC168  0.12 
BC169  0.12 
BC170  0.15 
BC171  0.11 

UNEAR INTEGRATED CIRCUITS 

AY 2513  3.95  SAA 5030  8.26 
0P8212  2.05  SAA 5040  15.14 
LF 1331N  2.95  SAA 5050  8.51 
LF 13741H  0.54  SAS 560  1.45 
LM 137K  11.52  SAS 570  1.45 
LM 301AH  0.72  SAS 590  1.80 
LM 3i7T  1.50  SFF 96800A 6.50 
LM 348  0.54  SFF 96810A 3.00 
LM 380N14 0.70  SFF 96821A 4.25 
LM 381N  1.44  SL 701C  2.50 
LM 383  1.60  SN 76003N 2.40 
LM 389N  0.95  SN 76033N  1.85 
LM 34075  0.25  SN 76110N  1.85 
LM 723CH  0.85  SN 76115N  1.65 
LM 723C14 0.60  SN 76226N  1 75 
LM 741C14 0.57  SN 76228N  1.75 
LM 923  0.44  SN 76116N  1.75 
LM 1303  1.25  SN 76666  0.70 
LM 1801  2.04  TAA 263  1.00 
LM 1871  3.75  TAA 521  0.75 
LM 1872  3.75  TAA 700  1.50 
LM 3914  2.20  TBA 120  0.65 
NE 543K  1.55  TBA 5700  2.20 
NE 544  1.60  TBA 810S  0.90 
NE 555  0.25  TBA 9900  2.95 
NE 556  0.60  TCA 270S  3.15 
NE 558  3.12  TCA 750  2.85 
NE 565  1.05  TCA 830S  1.25 
NE 566  1.53  TDA 1005  3.60 
NE 570  4.25  TDA 2540  3.85 
SAAA 5000 3.04  TDA 2611  1.40 
SAA 5010  7.11  TLO 81CP  0.32 
SAA 5012  7.11  TLO 82CP  0.72 
SAA 5020  5.23  TLO 84CN  1.20 

BC172 
BC173 
BC182 
BC183 
BC184 
BC205 
BC212 
BC213 
BC214 
BC 250 
BC 347 
BC350 
BC549 
BC559 
BCY58 
BCY59 
BCY51 
BCY72 
BD115 
BD116 
130121 
BD138 
BD181 
BD182 
BD201 
80203 

0.11 
0.15 
0.12 
0.12 
0.12 
0.17 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.20 
0.20 
0.20 
0.20 
0.25 
0.75 
0.50 
0.40 
0.75 
0.20 
0.70 
0 70 

BD204  0.70 
BD235  0.35 
BD240  0.36 
80242  0.42 
80244  0.60 
80246  0.65 
80535  0.45 
BD536  0.45 
BDY17  1.80 
8F225J  0.15 
6E271  0.20 
BER39  0.22 
BER81  0.22 
BEY50  0.27 
BSY28  0.30 
TIP34C  0.85 
TIP41A  0.55 
TIP54  1.40 
TIP110  0.67 
TIP117  0.60 
TIP2955  0.65 
ZTX301  0.16 
ZTX501  0.14 

DIGITAL CIRCUITS 

CD4000 
CD4001B 
CD4002 
CD4007 
CD4008B 
CD4009 
C04010 
CD401113 
CD4012 
C0401313 
CD4014 
CD4015 
CD4016 
CD4017B 
CD4018B 
CD401913 
CD4020B 
CD40228 
CD4024B 
CD4028B 
CD40298 
C040348 
CD4035B 
C 04040 
CD4041B 
CD4042B 
CD4047B 
CD4049 
CD4050B 
C04051E1 
CD4052B 
CD406013 
CD4063 
CE3406613 
CD4067 
C04068 
CD4069 
CD4071B 
CD4072 
CD4073B 
CD4075B 
CD4081B 
CD4082 
CD4085 
CD4086 
CD4095 
C 04096 

0.18 
0.20 
0.20 
0.20 
0.75 
0.40 
0.46 
0.20 
0.20 
0.40 
0.78 
0.80 
0.38 
0.72 
0.75 
0.42 
0.90 
0.78 
0.64 
0.75 
1.08 
2.60 
1.09 
0.85 
0.88 
0.67 
1.02 
0.34 
0.36 
0.75 
0.75 
1.28 
1.40 
0.45 
4.25 
0.30 
0.22 
0.22 
0.24 
0.24 
0.22 
0 24 
0.24 
0.94 
0 88 
1.00 
1.35 

PRESENSITISEO POSITIVE FOTO RESIST PC BOARDS I Use THICK 

SIZE 
100 x 160mm 
100 x 220mm 
203 x 114mm 
233.4 x 220mm 

single side  double side 
11 40  11.65 
£1.95  £2.05 
£1.70  £2.10 
£3.75  14.50 

CD40998 
CD4510B 
CD4511 
CD4514 
CD4520B 
CD4522 
SN7400 
SN7401 
SN7403 
SN 7404 
SN7410 
SN7412 
SN7414 
SN 7420 
SN 7423 
SN 7426 
SN 7432 
SN7440 
SN7441 
SN 7442 
SN7445 
SN 7446 
SN7447 
SN7448 
SN 7450 
SN 7463 
SN 7454 
SN 7460 
SN7472 
SN7484 
SN 7490 
SN7491 
SN 7492 
SN 7493 
SN 7496 
SN74107 
SN74121 
SN74141 
SN74155 
SN74157 
SN74164 
SN74165 
SN74174 
SN74182 
SN74190 
SN74192 

1.40 
0.60 
1.97 
2.20 
0.90 
1.10 
0.19 
0.19 
0.19 
0.10 
0.19 
0.24 
0.55 
0.16 
0.26 
0.35 
0.24 
0.16 
0.65 
0.49 
0.91 
0.48 
0.48 
0.45 
0.19 
0.16 
0.16 
0.15 
0.28 
0.95 
0.33 
0.63 
0.31 
0.33 
0.34 
0.30 
0.26 
0.50 
0.74 
0,59 
0.91 
1.15 
0.77 
0.80 
0.85 
0 80 

JUST A TINY 
FRACTION OF OUR 

RANGE 
ALL KINDS OF 

COMPONENTS AND 
ALSO TEST GEAR 

PLEASE ADD POSTAGE/PACKING 60p UNLESS STATED ALSO 
15% VAT ON TOTAL - ALL ITEMS ON THIS ADVERTISEMENT 
SPECIALLY SELECTED FOR EX-STOCK DELIVERY 

A. Marshall (London) Ltd. 
Kingsgate House, Kingsgate Place, London NW6 4TA 

Industrial Sales: 01-328 1009. 
Mail Order: 01-624 8582  24-hour service 

Also retail shops: 
325 Edgware Road, London, W2 

40 Cricklewood Broadway, London, NW2 
85 West Regent Street, Glasgow & 108A Stokes Croft, Bristol 
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I Feature 

Building Site 
This month, Keith Brindley looks at meters and describes how 
to adapt them to measure different voltages and currents 
THE ELECTRONIC THERMOMETER on page 23 of this issue 
uses a meter to indicate the measured temperature. We have 
given the necessary specifications of this meter as being any 
meter which measures 1 V FSD. Now, 1 V FSD (FSD means 
full-scale deflection) meters aren't easy to come by. True, if 
you have a multimeter, chances are it could have a 1 V 
range. But what if you want to use a panel meter such as we 
have in our prototype, and you can't find one which 
specifically measures 1 V FSD? 
Perhaps we should take a look at how meters work, and 

then we may be in a position to answer the questions. Most 
commonly used meters are of the moving-coil type and so 
we'll restrict ourselves to them. Figure 1 shows the external 
appearance and internal construction of a typical moving-coil 
meter. 

z POINT E fr 

SPRING 

POI IS 

So What? 
What's the good of a meter which can only measure 100 mV 
or 100 uA? What happens if we want to measure 1 V or 1 
mA? Do we have to go out and buy a new meter? 
No! We can adapt the first meter to measure higher 

voltages or currents simply by adding a resistor to it — not 
any old resistor, mind you, but one specially calculated for 
the application. 

Higher Voltages 
To measure a higher voltage than 100 mV we add a series 
resistor, R, as in Fig.2. The coil resistance M of tne meter is 
lkO and the FSD current I is 100 uA. 
The voltage across the meter must reach a maximum of 

100 mV, so we can work out from all this information that 
the voltage across the resistor R will be the voltage to be 
measured, 1 V, minus the meter voltage, 100 mV; 

ie, V, = V measured  VM, 

=  1 — 0.1, 

= 0.9 V. 

The current around the circuit I = 100 uA (the current to give 
MAGNET  FSD), 

Figure 1. Typical external appearance and internal construction of a 
moving-coil meter 

When an electric current flows through a wire, a magnetic 
field is produced around this wire. The field is strengthened 
when the wire is wound into a coil. 
It doesn't take an Einstein to realise that if the coil (plus 

magnetic field) is suspended in the magnetic field from a 
permanent magnet, the two fields will interact and the force 
will turn the coil. In fact, the coil will turn an amount 
proportional to the current through it. Thus, the pointer 
attached to the coil will point to a position which depends on 
the size of the current. 
The characteristics of a meter are defined as: 
• the current to produce end-of-scale lie, full-scale) 
deflection. For example, if a meter is specified as 100 
uA FSD then a current of 100 uA (1 x 10 4 A) will 
deflect the pointer to a full reading. 

• the coil's resistance. From Ohm's law: 

V = I R, 

where V is the voltage in volts, I is the current in amps 
and R is the resistance in ohms. Using this fomula we 
can calculate the voltage which also produces FSD. 
Say, the coil's resistance R = 1k0 and the current for 
FSD (as before) is 100 uA then 

V  =  1 0 0 0 X 1 X 1 0  4 = 0.1 V. 

So this meter could be used to directly measure up to 
0.1 V, ie, 100 mV. 

V  0.9 
therefore,  R = = —  = 9k0. 

—I  100x 10 6 

So, with a series resistor of 9k0 the meter will indicate a 
measured voltage of 0-1 V. 

I = 100 uA 

V niv.isurod 

M  100 rT,V 

Figure 2. A series resistor added to your meter allows it to indicate 
higher voltages 

Higher Current 
Similarly, we can adapt a meter to read higher values of 
curlent. How? By adding a parallel resistor, of course. 
Figure 3 shows the idea. 
A voltage across our meter, of 100 mV, causes FSD. 

Now, because the resistor and the meter are in parallel, the 
resistor voltage VA must also be 100 mV. 

Hobby Electronics, August 1981 39 



U Feature 

Figure 3 By 
adding a 
resistor in 
parallel with 
the meter, 
higher 
currents can 
be indicated 

Figure 4. A selection of commonly available moving-coil meters 

toN 

•  -0.1-..r.;  .  • 
:  •P•--

'measured 

The current through the meter is 100 mA, so — you 
guessed it — the current through the resistor equals the 
measured current, minus the meter current: 

IR = I measured — 'Mr 

= 1 mA — 1 uA, 

= 9.99x 10 -4 A. 

RMS 

ww,45wlilerr7rie-

9 r. 

So, the resistance, 

Building Site 

lee 

, 

V R = T,  

100mV   

9.99x10 -4 A 

= 100.1R, 

And for most purposes, a resistance of 100R will do, for our 
meter to indicate a current of 0-1 mA. 
Finally, Fig.4 shows a collection of some available types 

of moving-coil meter. As you can see, they come in a variety 
of shapes and sizes but as long as you know their 
specifications you can adapt them to different ranges.  HE 

TECHNICAL TRAINING 
IN ELECTRONICS AND 
TELECO M MUNICATIONS 
ICS can provide tt.e technical knowledge th.:  sential 
to your success,knowledge that will enable you  Ile, 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 
Name 

I te m 262K. Intertext House, London SWS 41.] 
or telephone 622 9911 

Interest   

Address   

  Tel   

MIMI 1 =110110 M I ME  N MI N M IMINI 

BE PREPARED VIEW THOU LE NSII 

• THIS DOSIMETER WILL AUTOMATICALLY 
DETECT GAMMA AND X-RAYS 

• UNIT IS SIZE OF FOUNTAIN PEN 8, CLIPS 
ONTO TOP POCKET 

II PRECISION INSTRUMENT 

• MANUFACTURERS CURRENT PRICE OF A 
SIMILAR MODEL OVER 125 EACH 

F. olavular Ito e 

Tested and fully guaranteed Ex-stock dekvety 

Heimys 

£6.95 
inc VAT Pon & Pack 60p 

CO MPLETE 
WITH DATA 

01 723 1008 9 

404 EDG WARE ROAD LONDON W2 1 ED 

c PARNDON ELECTRONICS LTD. 
Dept. No. 22, 44 Paddock Mead, Harlow, Essex CM18 712R. Tel. 0279 32700 

RESISTORS:  , ,., , ,,.. 

L 

DIODES: IN4148 

DIL SWITCHES: 

• 86p •  L I 00 LI 20 

DIL SOCKETS: 
s pro  10p. 14 pro  I 1p. Ii pin  12p. Is pro  19p. 20 pro  2Ip. 
:2 pro - 23p. 24 pin - 25p. 25 pin  27p. 4( pin  42p. 

AI I PRI( LS IN( I l'DF V A T & POS1 & PA(  *5() TX TRA 5 
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BIPAK 
LED's 

1501  T11209 Red LED 125 
1502  111211 Green LED 125' 
1503  TIL213 Yellow LED 125' 
1504  FLV117 Red LED .2' 
1505  FLV3I0 Green LED 2' 
1506  FLV410 Yellow LED 2' 
1507  2nd Grade LED pack 10 assorted 
1522  MIL32 Clear illuminating Red LED .125' 
1523  FLVIll Clear illuminating Red LED 2' 
1524  CC1X2 I Red Flashing LED 
1625  COX95 two colour LED 

CO45 
£1 If 
£2.10 

SEMICONDUCTORS 
GIRO NO. 388 7006 

DEPT. HE8, PO Box 6, WARE, HERTS.  TEL: 0920 3182 
Visit our Shop at: 3 Baldock Street, Ware, Herts. TELEX: 817861 

OPTO-ISOLATORS 
1515  Opto-rsolator IL74 Single 
1516  Opto-isolator 1LD74 Dual 
1517  Opto-isolator 11074 Quad 

7 SEG MENT LED DISPLAYS 
1508  EIDL307 7 segment LED display 3' 
1509  1301527 dual 7 segment LED display 5' 
1510  001707 7 segment LED display 3' 
1511  810747 7 segment LED display 6' 
1512  801727 dual 7 segment LED display 5' 

£0.50 
£1.80 
£0.98 
C1.75 
£1.90 

MISCELLANEOUS 
1514  ORP12 Light Dependent Resistor 
1518  Photo transistor P20 NPN 
1519  Photo Darlington MEL11 NPN 
1520  Photo transistor OCP71 PNP 
1526  FPEI00 Infra Red Emitter 
1527  COY89 Infra Red LED 
2219  Right Angle Bracket 14" • 4' 
2220  Right Angle Bracket I I' 

C0.130 
t0.50 
£0.25 
£0.40 
£0.38 
£0.38 
£0.07 
C0.08 

NE W SHAPE LEDs 

1561  3mrn Lyfniforal LED Red 
156  3mm Square LED Red 
1563  3rnm Triangular LED Red 
1564  5rnm Rectangular LED Red 
1565  5mrn Cylindrical LED Red 
1566  5rnm Square LED Rid 
1567  5mrn Triangular LED Red 
1568  3rtirri Cylindrical LED Green 
1569  3mm Square LED Green 
1570  3mrn Triangu'ar LED Green 
1571  5rnrn Rectangular LED Green 
1572  5mrn Cylindrical LED Green 
1573  5mm Square LED Green 
1574  5rnm Triangular LED Green 
1575  3rnm Cylindrical LED Yellow 
1576  3mrn Square LED Yellow 
1577  3rnrn Triangular LED Yellow 
1578  Snun Rectangular LED Yellow 
1579  5mrn Cylindrical LED Yellow 
1580  5mm Square LED Yellow 
1581  5oun Triangular LED Yellow 

• 
CO 26 
CO 26 
CO 26 
CO 26 
ft3.26 
CO 26 
CO 26 
(C) 28 
CO 28 
CO 28 
CO 28 
CO 28 
(11 28 
CO 28 
CO 28 
10 28 
CO 28 
10.28 
10.28 
CO 28 
CO 28 

LED CLIPS AND HOUSINGS 

I I I.G rip 

* . 41Pf 

1548  LED Plastic clips 125' 
1549  LED Plastic clips .2' 
1550  LED Housing (nickel plated) .125' 
1551  LED Housing Inickel plated) .125' 
1552  LED Housing (matt black) 125' 
1553  LED Housing (matt black) 125' 
1554  LED Housing (nickel plated) .2' 
1555  LED Housing 'nickel plated) 
1556  LED Housing (man black) .2' 
1557  LED Housing (matt black) .2' 

CO 15 
10.18 

A  10 28A 
•  10 22B 
C  10 37C 
O  10.310 
E  CO 34E 

10.28F 
O  £0.440 
H  C0.31311 

Beginners Pak: No. 1 
100 Transistors 
A pack of well known transistors. As used in many popular 
prolects. A must for beginners land very useful to experienced 
constructors tool 
10  BC107/8  1018  Metal  NPN 
10  BC237  TO92  Plastic  NPN 
5 BC177/8  1018  Metal  PNP 
5 8C251  0392  Plastic  PNP 
10  13FY51-13C141  1039  Metal  NPN 
5  BC160  1039  Metal  PNP 
5  2N3055  103  Metal  NPN 
2  EID312/MJ2955  103  Metal  PNP 
5 TIP29-31  10220  Plastic  NPN 
2  TIP30-32  10220  Plastic  PNP 
10  0071 -76  Germanium  PNP 
5 AC128-188  Germanium Metal  PNP 
5 AC117187 AC176  Germanium Metal  NPN 
5 0C44-45  Germanium  PNP 
5  TIS43-UTA6  Unilunction Plastic 
5 2N3819  F E T 
2  MEL11  Photo Transistor Plastic 
2  8D131  TO126  Plastic  NPN 
2  80132  TOI 26  Plastic  PNP 

- 
100  TOTAL 
All devices - brand nejv and lull spec as per device coding 
Data and lead out details included in oak 
Normal Retail Value £23.00 
Our Special ORer Price £15.00 

Beginners Pak: No. 2 
100 Rectifiers, SCR's, Triacs, 
Diodes. 
20 1N4001 1544007 1 Amp Silicon Rectifier 
20 IN5401-1N5407 3Amp Silicon Rectifier 
20 IN4148 Fast switch diodes Silicon 
10 0/%200 BAX13-6 General Purpose Diode Silicon 
5 C106D Thyristor 400v T0202 Case 
2 10Amp Triers 400v 10220 Case Isolated Tab 
2 4Amp Triers 400v 10220 Case Non-isolated Tab 
10 Assorted 3Amp Thyristors 50-600volts 7064 1066 Case 
5 Assorted lAmp Thyriators 50-600volts1039 Case 
6 01181 91 General Purpose Germanium Diodes 

100 TOTAL 

All devices brand new and NI spec Data and lead nut details 
included 
Normal Retail Value £17.00 
Our Special Offer Price £11.00 

CERAMIC PAKS 
Containing a range of first quality miniature 
ceramic capacitors. 

MCI  40 miniature ceramic capacitors: 
5 of each value: 
22pf, 27pf. 33pf, 39pf, 47pf. 56pf. 68pf. 

£1.00 82pf. 
MC2  40 miniature ceramic capacitors: 

5 of each value: 
100pf.  120pf,  150pf,  I 80pf. 220pf, 
270pf. 330pf  £1.00. 390pf. 

MC3  ap miniature ceramic capacitors: 
5 of each value: 
470pf, 560pf, 680pf, 820pf. 1000pf, 
I 500pf, 2200pf. 3300pf.  £1.00 

MC4  35 miniature ceramic capacitors-
5 of each value: 
4700pf, 6800pf, .01uf. .015uf, .022uf, 
•033uf..047uf.  £1.00 

SPEAKERS 
AND CROSSOVERS 

1901  Dome Tweeter 34' 8 ohms 50. 
1902  Dome Tweeter 3'8 ohms 20w 
1903  Flared Horn Tweeter 8 ohms 30w 
1904  2 way crossover 15w 8 °mils 
1905  2 way crossover 40w 8 ohms 
1906  3 way crossover 60w 8 ohms 
1907  Piero Tweeter 
1914  70mm 80 ohm speaker 
1915  70mm 8 ohm speaker 
1916  56mm 8 ohm speaker 
1917  24" 8 ohm speaker 
1918  2' 64 ohm speaker 
1919  51" whoofer 4 ohms lOw 
1920  51" whoofer 8 ohms lOw 
1921  51 Dual cone wide range 8 ohms 
1922  8 Dual cone long throw 8 ohms 15w 
1923  8' whoofer dual 4 • 8 ohms rubber edge 20w 

£3.20 
£2.50 
C3.80 
£1.24 
£2.70 
[3.50 
C13.20 
£1.20 
(0.35 
£0.55 
£0.75 
£0.82 
£3.90 
£3.90 
£5.80 
£4.84 
£7.80 

BULBS AND NEONS 
1534  LES Bulb 6v 0.36w 
1535  LES Bulb 6 5v 1 w 
1536  LES Bulb 140 0 75w 
1538  MES Bulb Round 6v 04A 
1539  MES Bulb Round 65v 15A 
1540  MES Bulb Round 6 5v 3A 
1541  MES Bulb Round 12 Ov IA 
1542  MES Bulb Round 12 Ov 2 2w 
1503  Neon Red Round 240v 
1544  Neon Red Rectangular 240v 
1545  Neon Orange Rectangular 240s 
1546  Neon Green Rectangular 240v 
1547  MEG Batten Holder 

£0.24 
£0.24 
£0.24 
£0.24 
10.20 
10.20 
C0.20 
10.20 
10.34 
10.34 
£0.34 
113.34 
10.18 

CARBON FILM 
RESISTOR PAKS 

These oaks contain a range of Carbon fiurn Resistors, assorted 
into the following groups 
RI  80 Mixed 1w 100 ohms-820 ohms  £1.00 
R1  80 Mixed 4w 1K ohms-8 26 ohms  11.00 
R3  80 Mixed w 10K ohms 826 ohms  11.00 
R4  80 Mixed w 100K ohms-1 M  £1 00 
R5  60 Mixed w 100 ohms 820 ohrns  £1.00 
R6  60 Mixed w 11( ohms-8 25 ohms  El 00 
R7  60 Mixed w 10K ohms•82K ohms  £1.00 
R8  60 Mixed w 10011 ohms-1 M  £1 .00 

TANTALUM BEAD CAPACITORS 
401  0 1 of 16v  CO M  414  47.0 0 16v  £0.55 
402  0 22uf 16v  £0.11  415  100uF 10v  £0.62 
403  0 33uf 16v  £0.11  416  luF 35v  £0.12 
404  0 47uF By  EO M  417  22uF 35v  10.12 
405  0 68uF 16v  £0.11  418  33uF 35v  ftl 12 
406  1 OuF 16v  C0.11  419  47 0 35v  £0.12 
407  2 2uF 16v  £0 12  420  68uF 350  10.12 
408  3 3uF 16v  10.13  421  1 OuF 35v  £0.12 
409  4 70F 16v  C0.14  422  2 2uF 35v  10.13 
410  6 BuF 16v  10.15  423  3 3uF 35v  £0.15 
411  10 OuF 16v  C0.16  424  4 7uF 35v  /0.18 
412  22 OuF 16v  C0.28  425  6 8uF 35v  £0.30 
413  33.0uF 16v  CO M  426  10 OuF 3Sv  £13.38 

ELECTROLYTIC 
PAKS 

A range of Oaks each Containing 25 first quality mixed value 
miniature electrolytics 
Ed  1 Values from 46mFD-10mFD  £1.00 
EC2  Values from 10mFD•10OrnFD  £1.00 
EC3  Values from 100mFD-1000mFD  £1.00 

UNTESTED 
SE MICONDUCTOR PAKS 

Ul  150 germ Gold Bonded Di odes 0A47  £1.00 
U2  150 germ point contact diodes 0481  £1 .00 
U3  150 Silicon G P 200mA Diodes 0A200  £1 .00 
U0  150 Silicon Fast Switch Diodes 1N4 148  £1.00 
U5  25 Stud type Silicon Rectifiers up to 100 f1.00 
U6  10 SCR s 5Arn- TO66  £1.00 
U7  40 Sri Trans NPN TO18 Case BC107•8 9  11,00 
U8  40 Sil Trans PNP 1018 Case BC177 13/9  £1.00 
U9  40 Sil Trans NPN T018 Case 2N7061  £1.00 
U10  30 Sil Trans NPN 105/392N697/2N1/11  £1.00 
U11  30 Sol Trans PNP 105/392N/905/1132  £1.00 
U12  30 Sil Trans NPN TO39 EIFY51-13C141  C1.00 
U13  30 Sil Trans PNP 7039 8C160-161 etc  £1.00 
U14  10 Sil Trans NPN TO3 2N3055  £1 00 
Li15  10 SO Trans NPN 10220 TIP29-31-33  £1.00 
1.118  10 Si) Trans PNP T0220 TIP30-32-34  £1.00 
U17  30 Si' Trans NPN 1039 High Vlts BF258•115  £1.00 
U18  40 Sii Trans T092 8C237 '8  £1.00 
U19  40 SO Trans TO92 BC251  £1.00 
1120  40 Sol Trans NPN 1092 BC183 4  £1.00 
U21  40 Sil Trans PNP T(192 8C257 EIC212L  £1.00 
Code Nos mentioned above are given as a guide to the type of 
device in the pak , The devices themselves are normally 
unmarked 

1602 
1603 
1604 
1605 

14 Pin 
16 Pin 
18 Pin 
20 Pm 

DIL SOCKETS 
1601  8 Pin 

£0.11 
£0.12 
£0.18 
£0.20 

1606 
1607 
1608 
1609 

£0.09 

22 Pin 
24 Pin 
28 Pin 
40 Pin 

CO 24 
CO 28 
CO 32 
£0.36 

PO WER SUPPLIES 
37  AC DC Adaptor 6. 713 9* 12 volts 
138  DC DC Adaptor 6 7'  . vOlts 

£3.75 
£2.70 

CABINETS 
139  Teak 30 Case  17 00 
140  Teak 60 Case  19 50 

LATE ADDITIONS - High Current 
Transistors 

8E132 
BFT33 
8FT34 
8FT37 

VCEO 
60 
80 
100 
100 

VCE10  IC Max 
80  3A 
100  3A 
120  3A 
120  3A 

RPYY76A  infra Red Detector 

£0.80 
£0.52 
C0.813 
£0.95 

£0.55 

EARPIECES & BUZZERS 

500  Solid State Buzzer 4-25v  £0.75 
501  Crystal Earpiece  £0.42 
502  8 ohm Earpiece 2.5mm Plug  £0.18 
503  8 ohm Earpiece 3.5mm Plug  £0.18 
505  200 ohm Earpiece 3.5mm Plug  £0.44 

VEROBOARD 
2201  2 5" • 5" .1 cop' ..• 
2202  35" • 3 75" .1 c.rouou 
2203  2 5' • 17' I copper 
2204  3 75" • 5' .1 copper 
2205  3.75" • 3.75' 1 copper 
2206  3.75" • 17' 1 copper 
2207  4 75' • I 7 9' .1 copper 
2208  25' • 1" 5 in pack 
2209  3 75" • 17' 1 Plain 
2210  3.75' • 25' 1 Plain 
2211  50' • 3.75' I Plain 
2212  vero pins Double sided 04Ornm l' (in toosi 
2213  vero pins Single sided 040rion 1" lin 100s) 
2214  DIP Breadboard 
2215  Vero Cutter 
2216  Insertion Tool 1 
2117  PCB Transfers 
2218  12 volt mini drill 

CO 76 
10 66 
12.28 
CO 86 
CO 76 
£2 96 
13.90 
CO 92 
Cl 92 
CO 48 
10 72 
10 52 
CO 52 
£3.26 
£1.06 
£1.46 

£7.00 

2195 
2196 
2197 
2198 
2199 
2200 

BREADBOARD 
EXP325 
EXP350 
ES P650 
ES P300 
EXP48 
10'600 

Please add 15% VAT: Add 50p post per order---Just quote your Access or Barclaycard number 

Terms: Cash with order, cheques, POs, payable to Bi-Pak at above address. 

£1 84 
£3.52 
C4.14 
£8.61 
£2.55 
C7.25 

SIJKLAVC use 

INN 
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IN Project 

Electronic 
Organ 4 
The last part of our organ project gives details of final 
wiring up, tuning and adjustments to complete your 
own working model 

IF YOU HAVE religiously followed our 
instructions to date, your organ will now 
be ready for final wiring up. This 
basically means: the interconnection of 
Board 2 (the top-octave generator) to 
Boards 3 and 4 (the dividing and keying 
boards); and the interconnection of 
Boards 3 and 4 to the keyboard 
contacts. 
All these connections and their 

positions are critical so follow the 
diagram, given in Fig. 1 , starting with 
the 12 connections from the top-octave 

generator. Use a fairly stiff variety of 
multi-stranded wire and carefully form 
each piece: to come vertically up from 
Board 2; then, to bend back at 90° 
towards the back of the organ; to bend 
left at 90° along the back of the board; 
then, to bend forward at 90° towards 
the front; and finally, to bend down at 
90° to the correct connection point on 
either Board 3 or Board 4. The view of 
the complete project (Fig.2) shows the 
idea. 
Now, cable-tie (with lacing-cord, 

plastic ties or string) the group of 12 
interconnections together with all 
previously connected power supply 
leads, in a number of places. This should 
form a fairly thick and solid cableform 
running along the back of the organ. 
Again following Fig. 1, start to wire-

up the keyboard contacts to Boards 3 
and 4. The 60 pins on the bottom of the 
two circuit boards each need a single 
multi-stranded wire connection to the 
corresponding keyboard contact 
underneath the keyboard. This job is 
quite straightforward but will be long 
and monotonous because of the number 
of connections. 
A good tip here is to use coloured 

wire. If you only have a few different 
colours (after all, not many people will 
have 60 different coloured reels of wire) 
then group the leads into small numbers 
and stick to the same pattern of colours 
in each group eg, red, white, blue, 
green, black; red, white, blue, green, 
black, etc. 
Now cable-tie each group of leads 

after connecting each lead of the group 
at both ends. The view in Fig.3 shows 
the idea. 
Finally, the common connection of all 

keyboard contacts should be taken via a 
single length of multi-strand wire to 
+ 12 V. Make the connection from the 
far right-hand side of the keyboard 
contacts strip to the top right-hand edge 
of Board 4, where you will find a + 12 V 

ma-emmovigomomilac-,44 
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London Demonstration Of HE Electronic Organ 

111111111110114111111111111111111111‘ 

Wearing the smile during HE's special demonstration is Trevor Hawkins, 
designer of the HE Electronic Organ. Great interest was shown in the prototype 
instruments on display at St David's Church Hall, London N 7 . The event was 
organised by the Organ Constructors Society 

connection. Your organ should now be 
complete — it only remains to tune it 
and make final adjustments. 
Connect a speaker or pair of 

headphones to the output and turn the 
organ on. If all is well, you should hear 
nothing! 
Now make sure all five stop switches 

are pressed down and set all preset 
resistors on Board 1 to mid-position. 
Press any note of the keyboard. You 

should hear it at the output. 
Potentiometer RV8 should control the 
volume. 

Turn potentiometers RV1 and RV2 of 
Board 2 fully anti-clockwise and RV3 to 
mid-position. 
With any available tuned reference 

(for example, pitch pipes, tuning-fork, 
another tuned instrument), adjust the 
slug of the coil on Board 2 till the organ 
is correctly tuned. You only need to 
adjust the coil until one note is correctly 
tuned, the rest are automatically then in 
tune. 

The final job is to adjust presets 
RV1 -6 on Board 1 so that the volume 
levels of each octave of notes are the 
same and there is no amplitude step 
between any B-note and the C-note 
immediately above it. Preset RV7 
adjusts the overall volume and should be 
set so that when a quantity of notes are 
played together the amplifier is not 
overloaded, thus preventing distortion. 

Above you can see the ready-labelled 
panels available for the HE Electronic 
Organ. These panels can be glued onto the 
two main control panels of your organ to 
give a labelled finish. See Buylines for price 
details 

Figure 1 (left) Final connection details of 
the project. Leads between Boards 2,3 and 
4 should be taken along the back of the 
organ, and tied together into a cableform 
Connections from Boards 3 and 4 to the 
keyboard contacts should be made in small 
groups of different coloured leads, each  10 
group tied together (see Figure 41 

43 



• Project  Electronic Organ - 4 • 

Figure 2 (top). The complete HE Electronic Organ 

Figure 3 Connections between Board 3 and 4, and the keyboard 
contacts should be cable-tied into small groups 

Errata 
A few minor errors in the first part of this project, back in the 
Moy issue of HE, have come to our notice. These are as 
follows: 

• In Fig. 2 , capacitor C9 should have a value of 220u. not 
220n as we show. The Parts List is correct, however. Also 
capacitor Cl 2 can be 22n and capacitor C 13 can be 10n, 
although neither are critical. 

• Again in Fig.2, capacitor C3 should be turned around lie, its 
positive plate should be at the bottom). 

• In Fig. 3 , the positive plate of capacitor C3 should be at the 
right-hand side, and capacitors C28 and C32 should both be 
turned around. 

We have no record of errors in following issues but we will 
obviously keep our readers up to date if we hear of any. 

Buylines 
A limited number of kits for the HE Organ can be obtained from: 

Mr A T Hawkins 
23 Blenheim Road 
St Albans 
Harts AL 1 4NS 

for £99 inclusive. The kits contain all metalwork, hardware and 
PCBs, as well as the keyboard and components. You only need to 
supply your own baseboard and case. 

For those readers who prefer to buy the components 
themselves, Mr Hawkins is willing to supply the keyboards 
separately. None of the other items should be difficult to find. 

Mr Hawkins also has some attractive ready-labelled panels for 
the organ. These can be glued onto the two main control panels to 
, give a neat finish. The ready-labelled panels cost £ 2 per pair. 

KITS 
ICs 

TRANSISTORS 
CAPACITORS 

HE PROJECT KITS 
Mate us your No 1 SUPPLIER OF KITS and COMPONENTS for H E. Projects. We supply 
carefully selected sets of parts to enable you to construct H.E Projects. Kits include ALL THE 
ELECTRONICS AND HARDWARE NEEDED Printed circuit boards (fully etched, drilled and 
roller tinned) or yeroboard Cr., of course. included as specified in the original article, we 
even include nuts. screws and IC sockets PRICES INCLUDE CASES unless otherwise 
stated BATTERIES ARE NOT INCLUDED COMPONENT SHEET INCLUDED If you do not 
Ya m the side 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&p 40p 
LATEST KITS: S.A.E. OR PHONE FOR PRICES 

ULTRASOUND BURGLAR ALARM, July 81   £16.98 
ELECTRONIC DOOR BUZZER, July '81   £5.14 
ELECTRONIC METRONOME, July '81   £4.25 
TREBLE BOOST, July '81   £9.94 
CONTINUITY CHECKER, June '81   £4.86 
ENVELOPE GENERATOR, June '81  £15.32 
AUDIO MIXER, June '81   £4.55 
AUDIO MILLVOLTMETER, May'81   £16.98 
VOICE OPERATED SWITCH, May'81  £9.43 
Microphone extra   £1.29 

SUPER SIREN, Apr '81   £17.75 
DOORBELL MONITOR, Apr '81   £2.99 
GUITAR TREMELO, Apr'81   £11.33 
WINDSCREEN WASHER ALARM, Apr'81   £5.26 
RUSSIAN ROULETTE GAME, Apr '81   £8.31 less case 
PUBLIC ADDRESS AMPLIFIER, Mar'81   £16.56 
Extras - horn speakers  £6.83 each 
PA mic .   £4.40 

FUZZBOX, Mar'81   £9.41 
WINDSCREEN WIPER CONTROLLER, Mar'81   £6.98 
STEAM LOCO WHISTLE, Mar'81   £11.15 
PHOTOGRAPHIC TIMER, Mar '81   £2 99 
HEARTBEAT MONITOR, Feb'81   £21.28 
HIGH IMPEDANCE VOLTMETER, Feb '81   £8.98 
AUDIO SIGNAL GENERATOR, Feb '81   £17.21 
BACKGRUND NOISE SIMULATOR, Feb '81   £6.43 
TWO-TONE TRAIN HORN, Feb'81   £4.77 less case 
MEDIUM WAVE RADIO, Feb '81   £6.98 
BENCH AMP, Jan'81   £9.19 
NICARD CHARGER, Jan '81   £6.98 
CHUFFER, Jan '81, less case   £6.44 
CAR REV COUNTER, Jan 81, less case   £21.20 

Case extra   £5.98 
DIGITAL SPEEDO, Dec. '80   £35.89 
MODEL TRAIN CONTROLLER, Dec. '80   £16.86 
BATTERY CHARGE MONITOR, Dec.'80   £4.51 
JACK LEAD TESTER, Dec. '80   £1.99 
STEREO POWER METER, Dec. '80   £18.98 
PARTY GRENADE, Nov '80   £7.98 
TRANSISTOR TESTER, Nov '80   £5.57 inc. test leads 
DOUBLE DICE, Nov '80   £13.80 
GUITAR PRE-AMP, Nov 80   £5.85 case ldiecast) extra £2.99 
BATTERY ELIMINATOR, Nov '80   £14.88 

ADVENT 
by TOM 
DUNCAN 

An easy to follow book suitable for all ages. Ideal for beginners. 
No soldering Uses a Bimboard 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 
breadboard and all the components for the projects. 
Adventures with Microelectronics £2.35. Component pack £26.95 
less battery. 

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 £1.90. Component pack £16.72 less 
battery. 

START HERE 
1981 ELECTRONICS CATALOGUE 

TOOLS 
RESISTORS 
HARDWARE 
CASES 

Hundreds of illustrations, product date, 
circuits and details of all our kits and 
educational courses tip to date price 
list included  All products are stock 

lines for fast delivery 
Send 70p in stamps or add 70p to your 

order 
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MAGENTA ELECTRONICS LTD. 

0 

A 

NOBELL DOORBELL, Oct. '80   £10.98 
INTRUDER ALARM, Oct. '80   £17.83 
FREEZER ALARM, Oct. '80 with probe   £9.42 
TUG 0' WAR, Oct. '80   £15.98 
KITCHEN TIMER, Oct. '80 (2% resistors)   £7.34 
MICROMIX, Sept. '80   £7.82 
AUTO PROBE, Sept. '80   £3.87 less case 
TOUCH SWITCH, Sept. '80  £2.34 less case & contacts 
GUITAR PHASER, Sept. '80   £13.84 
BENCH PSU, Sept. '80   £28.50 
EQUITONE CAR EQUALISER, Aug. '80   £14.98 
OP AMP CHECKER, Aug. '80   £4.55 
MOVEMENT ALARM, Aug. '80   £5.68 
RADIO TIMER, Aug '80   £6.98 
PASS THE LOOP GAME, Au  '80   £13.98 
SOUND OPERATED FLASH tRIGGER. July'80, no skt   £4.59 
18Wi 18W CAR STEREO BOOSTER, July'80   £29.98 (stereo) 
FOG HORN, June "80   £5.65 
SPEED CONTROLLER FOR R/C, April '80   £14.92 less case 
DIGITAL FREQUENCY METER, April '80   £35.78 
HOBBYCOM: TWO WIRE INTERCOM, April '80   £33.95 (Master) 
Sub Station   £3.38 each 

ELECTRONIC IGNITION (CD), April '80     £20.87 
WIN INDICATOR, Feb. '80 (with switches) .   £13.92 
DIGI-DICE, Jan. '80   £9.98 
BARGRAPH CAR VOLTMETER, Dec. '79   £7.33 less case 
RING MODULATOR, Dec. '79   £12.95 
GUITAR TUNER, Nov. '79   £10.98 
HOBBYTUNE, Oct. '79   £26.98 
ANALOGUE FREQUENCY METER, Oct. '79   £15.52 
MULTI-OPTION SIREN, Oct. '79   
ULTRASONIC SWITCH, Sept. '79 .... £28.85 less 3 pin mains socket 
HOME SECURITY UNIT, Aug. '79  £28.58 less siren 
SIREN   £5.09 less case 
LED TACHOMETER, Aug. '79   £17.98 
INJECTOR TRACER, Aug '79   £4.34 
CONSTANT VOLUME AMPUFIER, Aug. '79   £15.60 
LINEAR SCALE OHMMETER, July'79   £15.98 
GSA MONITOR, June '79   £9.63 
ENVELOPE GENERATOR, June'79   £14.98 
WHITE NOISE EFFECTS UNIT, May '79   £17.74 
TRANSISTOR GAIN TESTER, April '79   £9.98 
PHOTOGRAPHIC TIMER, Mar. '79   £16.45 
CAR ALARM, Feb. '79 .   £10.98 
SCRATCH/RUMBLE FILTER, Feb. '79   £25.48 Mono 

£29.98 Stereo 
PUSH BUTTON DICE, Dec. '78   £6.98 

INTO DIGITAL ELECTRONIC 
Current H.E. series Part 1 in Sept. '80 Covers digital electronics from the basics 
Circuits are built on a plug-in Eurobreadboard Reprints of back issues available 
45p each. Eurobreadboard and components for series £18.95 less battery Corn-
ponents only £12 75. 

H.E. 6-part Series: Feb. '80 to July '80. COVERS THE BASICS OF ELECTRONICS - 
LOTS OF PRACTICAL WORK. Circuits are built on a plug-in Eurobreadboard. 
REPRINTS AVAILABLE, 45p each part. Eurobreadboard and Components for 
Series £15.63. Components only £9.43. 

H.E.LADDER OF LIGHT,JAN.'81 
Novel 'sound to light' project. Creates a pulsating, rising and falling light show. 
Will drive up to 10 100W light bulbs either in bar mode -- in a line increasing from 
one end; or in dot mode - one bulb at a time. Filter allows selection of bass, 
treble or middle frequencies. Extra with our kit only - additional circuit and 
components for strobe and chase features. 
Ladder of Light Jan '81E29.98. Reprint extra 45p. 

MEMORY BANK 
SYNTHESISER 

Miniature synthesiser featuring vibrato, en  
velope tempo, volume and pitch controls 
Uses 24 push button switches in a keyboard 
style layout eased on a custom designed 
• c The accessible memory stores a 32 beat 
length sequence of notes and spaces Can 
be played live' Fitted with an internel 
Speaker Jack socket allows the use of an 
external amplifier if wished 

Memory Bank Synthesiser £33 85 

3 BAND 

S.W. RADIO 

.5 try VVavect,eriye 
••••edphones or a Crystal er,, 

all the components req..  • 

• .• PC Board anti  Case Ins, ur s 
oded with the kit 

• ' EIS 97 Heainin ,ier .••••a Else 

MAGENTA ELECTRONICS LTD. 
HK11, 135 HUNTER ST., BURTON-ON-TRENT, STAFFS. 0E14 2ST 

0283-65435 - 9-4 MON.-FRI. MAIL ORDER ONLY 

ADO 400 POP TO All ORDERS Au pas No 15% VAT 

-  .,„ 8epubi.c & 8 P 0 Europe de 
UniMMI  c/41 10.0 from pricks show,. Payment 

must be in sterling 
Access and Barclaycard iVisal orders 
accepted by 'phone or post 

The INStructor 
A FULLY CONSTRUCTIONAL PROJECT 

INCORPORATING AN INS8060 
MICROPROCESSOR CHIP 

The Instructor is • low cost assembly which provides a practice! introduction to du,ropro-
cessors and their functions It is not a computer but it is a working circuit which allows 
microprocessor working to be followed, one program step at a time Build the Instructor 
end you will gain microprocessor e•perience The series is based on the iNS8060 micropro , 
“ssor IC also known as the SC MP Mk 2 Circuits are built one plug in Eurobreadbnerd Kit 

is available with or without the breadboard INSTRUCTOR COMPONENT PACK Including 
Eurobreadboard 127 85 or less Eurobreadboard £21 65 
s.  INSTRUCTOR COURSE NOTES AND OPERATING INSTRUCTIONS  E2 96 extra 

C106C  56p 
TIC46  49p 
0A47  I 1p 
0A90  9p 
0A202... 16p 
W0.05.... 33p 
WO6  47p 
Z5J  £2.92 
1N4001.5 1/2 p 
1N4005,  6p 
1N4148.. 5p 
1N5404.. 18p 
1N5408. 19p 
13F24413.. 45p 
MPF102, 69p 
TIS88A.. 57p 
VN67AF 
 £1.21 
2N3819.. 28p 
2N3820.. 79p 

2N5457 58p 
2N5484 63p 
40673  98p 
AC128  29p 
AC141  38p 
AC142  39p 
AC176  37p 
BC182.  I 1p 
BC182L lip 
BC1B3...lip 
BC184.. lip 
BC184L 11p 
BC212...11p 
BC212L I 1p 
BC213.  11p 
BC214.. 1 1p 
BC214L lip 
BD131 ... 48p 
BEY50. 25p 

BFY51  24p 
BFY52  23p 
BFX88  32p 
BRY39  48p 
MPSA6539p 
RPY58A 
 El 16 
TIP31A  52p 
TIP32A  83p 
TIP33A  94p 
TIP34A  99p 
TIP121 El 12 
TIP2955 69p 
TIP3055 69p 
TIS43  38p 
TPSA13 35p 
2N3053 25p 
2N3055 59p 
2N3702 lip 
2N3704 11p 

''4W, carbon film resistors, E12 series, 
1R-10M, 11hp each. Min. horiz. presets 
100R-4M7, 12p each. Midget pots, 
Linear, 470R-4M7, 37p each. Log 410-
2M3, 38p each. Switched pots, 4k7-
1M, Lin. 75p. Log. 76p. 

Polyester IC280) capacitors 250V 
10nF; 15nF 22nF, 33nF; 47nF 7p ea 
68nF, 100nF 8p. 150nF: 220nF 12p. 
330nF 15p. 470nF 20p. 680nF 28p. lu F 
33p. 1.5uF 49p. 2.2uF 65p. 

Sub miniature plate ceramics 63V. 
Values in pF: 2.2; 3.3, 4.7; 5.6: 6.8; 
8.2; 10; 15. 22; 33; 47 & 56pF 7p each. 
68pF: 100pF 7p each. 150; 220; 330pF 
11p. 390pF; 470pF; 1000pF 5p. 2200pF 
6p. 3300pF, 4700pF 7p. lOnF 13p. 
100nF 22p. 47nF 14p. 

Electrolytic  capacitors,  AXIAL 
leads:  luF/16V  11p;  1uF/63V, 
1uF/100V 12p; 2.2uF/63V, 3.3uF/63V, 
4.7uF/63V  12p;  10uF/16V  11p; 
10uF/63V  12p;  22uF/25V  12p; 
22uF/63V 15p . 33uF/ 40V, 47uF /25V 
12p; 47uF/25V 12p; 47uF/40V 15p; 
47uF/63V  18p;  100uF/16V  12p; 
100uF/25V  15p;  100uF/40V  iap; 
100uF/63V  29p,  220uF/10V  15p; 
220uF/25V  19p;  470uF/16V  29p; 
470uF/25V  38p,  470uF/40V  55p; 
680uF/16V  32p;  1000uF/I0V  30p; 
1000uF/16V 33p;  1000uF/25V 46p; 
1000uF/40V 58p,  1000uF/63V 79p; 
2200uF/10V 39p;  2200uF/25V 64p; 
2200uF/63V £1.10. 
RADIAL  leads.-  0.47uF/25V 81/Sp; 
10uF/16V, 22uF/16V,47uF/16V, 
100uF/16V,  100uF/25V  121hp; 
220uF/63V 391/2 p; 1000uF/16V 351hp; 
220uF/16V1341A2p. 

Switches 
Min. toggle: spst 59p; spdt 89p, dpdt 
79p. Mmn. push on 18p; push off 22p. 
Footswitch alt, action  spco 11.39; 
dpco £1.88. Rotary switches  1p 12 
way, 2p 6w, 3p 4w, 4p 3m 69p each 
12V 185R dpco relay £2.98. 

Soldering 
Antex X25 soldering iron, 25W £4.98. 
Soldering iron stand £1.99. spare bits 
Ifor X251 small, std, large 64p each 
How to solder sheet 12p. Solder bob-
bin 30p. Desolder pump £5.98. De 
solder braid 69p. Solder, handy size 
98p. Heat sink tweezers 15p.   

UNEAR ICs 
555  32p 
556  79p 
741  28p 
148  55p 
CA3080  flit 
CA3085A £1.32 
CA3130T £1.12 
CA3140E  57p 
H41388...1225 
ICL7611  11.04 
ICU31138CC 

£3.92 
ICM7555 f1.19 
LF351  511Ip 
LF353  96p 
LF356  ISp 
LM30IAN 39p 
LM309K .£2.99 
LM317K 0.54 
LM317T n.ss 
LM324N. 79p 
LM380N.. 99p 
LM381N..11.911 
LM382N. 11.62 
LM386N £1.04 
LM387N £1.39 
LM389N El 21 
LIY11830  £2.32 
LM2917N £2.27 

LM3900N  85p 
LM3909N  79p 
LM3911N fl 55 
LM3914N £2.89 
LM3915N£ 98 
MC3340 £2 15 
TBA820  f1.05 
TL064  £2.59 
U2378  £1 69 
U1N22836 

£1.47 
ZN1034E £2 19 
ZN414  fl 09 
ZN419CE £2 59 
ZN424E  £2 14 
ZN425F  £5 98 

CMOS 
4001 
4011 
4013 
4017 
4020 
4024 
4069 
408 1 
4093 
4572 
40174 
74C14N 

TIX°25 
2N5777 
061012 
TIL32 
TIL78 

27p 
28p 
55p 
95p 
fl 20 
76p 
31p 
29p 
89p 
ft 79 
El 50 
78p 

12 24 
60p 
99p 
sip 
74p 

Lied.* with Opt 
3mm. Red 15p; Green 11Ip; Yellow 20p. 5mm, 
Red 16p; Green 19p, Yellow 219. 
Flashing I e d 71*. Rectangular red 158p, 
Mains panel neon 32p. 

Zener diodes 400m W. BZY88. Range 
2V7 to 33V 12p each. 

I.c. sockets 
8 pin   16p  18 pin.    22p 
14 pin   17p  24prr  48p 
16 pin 18p  28 pin  45p 

Jackson 
300pF dilecon £2.36. 500pF dilecon 
£2.92. C804 var. capac. 10pF E2.28; 
25pF £2.46; 50pF £2.48; 100pF 12.83; 
150pF £3.48. '01' 365pF £3.48; '02' 
365pF 14.49; '02 208.176 0 £3.98. 
4511 DAF 6 1 drive £1.74.   
Low cost cutters El .69. Low cost long 
nose pliers £1.68. Wire strippers and 
cutters  £2.48.  P c b  assembly  jig 
£11.98. P.c.b etching kit £4.98. Plastic 
tweezers 69p. Eurobreadboard £6.20. 
Bimboard 1 £6.48. S. Dec £3.98.   

Speakers miniature, 8 ohm 87p; 64-75 
ohm 89p. Crystal earpiece 85p. Mag-
netic earpiece 15p. Mono headphones 
£2.98. Stereo headphones £4.35. Tele-
phone pick-up coil 72p. FM aerial 49p. 
Min. buzzers 6V 50p; 9V 11.10; 12V 
65p. 

PP3 clips 10p; PPS clips 11p. Panel 
meters 60, 45mm £4.99 each. 50uA, 
100uA, luA, 1A, 25V.   

Veroboard 0.1" copper 
10 strips, 24 holes £1.20 per 5. 24S 37H 
78p. 24S 50H 89p. 365 37H 89p. 36S 
50H 99p. Terminal pins 48p/100. Pin 
insertion tool £1 .69. Spot face cutter 
£1.23. 

Muitimeter type 1 1000opv with proves, 2 ' 31/2 ' 1 
Multimeter type 2 20,000opv 'roc transistor tester 
Cron clip test lead set 10 leads with 20 clips 
Connecting wire pack. 5,$ 9yd Coils 
Resistor colour code Calculator. 
Towers International Transistor Selector 
AM-FM aircraft band portable radio 
2 station desk intercom 
Plug-in power supply 4 5V 6,1 9V 300mVV 
Dimmer switch 
PVC tape  3 reels 
Dentists inspection ii 

Jewellers eyeglass 
Hand magnifier, 3 
Illuminated magnifier. 11'2 

17 48 3 station 

El 14  $ 

£8 66 
Ell 75 
99p 
65p 
21p 

£10 35 
£8 98 
f 8 98 
£3 89 
£3 98 
34p 
£2 85 
11 50 
£2 99 
£3 19 
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GUITAR PHASER  ZD85  Sept. '80 
BENCH POWER SUPPLY UNIT  ZDB7  Sept. '80 
DEVELOPMENT TIMER  Z086  Sept. '80 
TOUCH SWITCH [on Vero)  2084  Sept. '80 
AUTO PROBE  2083  Sept. '80 
REACTION TIMER  2082  Sept. '80 
MICROMIXER (on Vero)  Z081  Sept. '80 
EQUITONE CAR EQUALISER  ZD52  Aug. '80 
GAS DETECTOR  ZD55  Aug. '80 
PASS THE LOOP GAME  ZD56  Aug. '80 
RADIO TIMER [on Vero)  2057  Aug. '80 
MOVEMENT ALARM (on Vero)  2054  Aug. '80 
OP. AMP CHECKER [on Vero)  2053  Aug. '80 
CAR BOOSTER (no speakers)  2050  July '80 
HAZARD FLASHER  2048  July '80 
*PUSH-BUTTON VOLUME 
CONTROL  Z047 

SOUND FLASH TRIGGER (on Vero) 204 
2 WATT AMPLIFIER (on Vero)  ZD4 
METRONOME Ion Vero)  Z051 
MICROBE R/C SYSTEM 
(less Servos)  1045 

FOG HORN  2044 
*EGG TIMER  ZD43 
MINI CLOCK  ZDIO 
5080 PRE-AMP  ZD11 
TRACK CLEANER  2012 
*R/C SPEED CONTROLLER  ZO3 
HOBBY COM  ZD8 
ELECTRONIC IGNITION  202 
DIGITAL FREQUENCY METER  209 
SHORT WAVE RADIO  1080 
TOUCH SWITCH  Z079 
5080 PSU MODULE  2078 
SYSTEM 5080A  ZD77 
PASSION METER  ZD6 
WIN INDICATOR  2042 
INFR RED REMOTE CONTROL  ZO7 
SCALEXTRIC CONTROLLER  2041 
CROSSHATCH GENERATOR  ZD4 
DIGI-DIE  205 
RING MODULATOR  ZD I 
SCALEXTRIC CONTROLLER  ZD39 
BARGRAPH CAR VOLTMETER  2040 
GUITAR TUNER  Z038 
*R2 02 RADIO  1037 
TANTRUM  Z033 

July '80 
9 July 80 
6 June '80 
June 80 

June '80 
June '80 
June '80 
May '80 
May '80 
May '80 
April '80 
April '80 
April '80 
April '80 
March '80 
March '80 
March '80 
March '80 
Feb. '80 
Feb. '80 
Feb. '80 
Jan. '80 
Jan. '80 
Jan. '80 
Dec. '79 
Dec. '79 
Dec. '79 
Nov. '79 
Nov. '79 
OCt. '79 

£17.50 
£4.50 
£6.50 
£26.00 
£32.00 
£7.75 
£9.60 
£28.60 
£18.25 
£27.75 
£19.50 
£5.00 
£29.50 
£15.00 
£5.00 
£9.00 
£19.35 
£52.50 
£11.25 
£5.50 
£8.50 
£21.50 
£6.60 
£8.50 
£8.60 
£37.50 

£9.60  HOBBYTUNE 
£25.00  MULTI OPTION SIREN 
£8.75  ANALOGUE AUDIO 
£4.50  FREQUENCY METER 
£3.00  COMBINATION LOCK 
£26.50  *STARBURST 
£8.50  LAMP DIMMER 
£13.30  ULTRASONIC SWITCH 
£22.00  CONSTANT VOLUME AMPLIFIER ZD28 
£12.00  INJECTOR TRACER  2027 
£5.50  LED TACHOMETER  ZD26 
£5.00  BABY ALARM  2025 
£4.00  POINTS SWITCH  2024 
£18.00  LINEAR SCALE OHMMETER 
£10.50  SHARK 

G.S.R. MONITOR 
£19.50  ENVELOPE GENERA FOR 
£3.50  DRILL SPEED CONTROLLER 
£3.90  WHITE NOISE EFFECTS UNIT 
£3.50  PARKING METER TIMER 

DIGIBELL PROJECT 
VARIABLE POWER SUPPLY 
0.30V 1 AMP 

TRANSISTOR GAIN TESTER 
CISTERN ALARM 
MODEL TRAIN CONTROLLER 
PHOTOGRAPHIC TIMER 
TONE CONTROL 
CASANOVA'S CANDLE 
SHORT WAVE RADIO 
SINE/SQUARE WAVE 
GENERATOR 

SCRATCH AND RUMBLE 
FILTER MONO 

SCRATCH AND RUMBLE 
FILTER STEREO 

CAR ALARM 
FLASH TRIGGER [less flash gun) 
TOUCH SWITCH 
VARI-WIPER 
GRAPHIC EQUALISER 
PUSH-BUTTON DICE 
AUDIO MIXER 
BEDSIDE RADIO 
STEREO AMPLIFIER (HOBIT) 
WAA-WAA PEDAL 

2034  Oct. '79 
Z036  Oct. .79 

ZD35  Oct '79 
1029  Sept '79 
Z030  Sept. '79 
1031  Sept. 79 
ZD32  Sept. .79 

Aug. '79 
Aug. '79 
Aug. '79 
July '79 
July '79 

1023  July '79 
1022  July .79 
Z019  June '79 
1020  June '79 
1021  June 79 
1018  May .79 
1017  May'79 
1016  May'79 

£18.00 
£10.50 

£15.00 
£12.50 
£14.50 
£6.50 
£21.00 
£11.50 
£4.50 
£14.75 
£13.50 
£12.50 
£14.00 
£22.75 
£10.50 
£11.79 
£7.00 
£16.85 
£6.70 
£5.00 

2015  May .79  £30.00 
2076  April '79  £6.50 
2075  April '79  £5.50 
2074  April '79  £26.00 
2073  March '79  £14.50 
2072  March .79  £9.00 
ZD7I  March '79  £7.50 
2066  Feb. '79  £12.50 

2067  Feb. '79  £22.50 

2068  Feb '79  £22.50 

21:169 
2070 
2065 
ZD63 
2064 
2062 
ZD61 
ZD14 
Z058 
2059 
2060 

Feb '79  £25.00 
Feb. 79  £8.50 
Jan '79  £10.50 
Jan. '79  £5.50 
Jan '79  £8.00 
Jan 79  £25.00 
Dec 78  £6.00 
Dec 78  £20.30 
Nov '78  £12.50 
Nov '78  £52.50 
Nov '78  £30.00 

IONISER KIT: 2013. This negative ion generator gives you power to saturate your home 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 like fresh 
ocean air, crisp and wonderfully refreshing. All parts p.c.b. and full instructions £10. A suitable case including front panel neon switch. etc.. 
available at £8 extra. 

PLEASE NOTE OUR NE W ADDRESS] 

If you do not have the issue of H.E. which contains the 
Project, we can supply a reprint at 40p extra. Please add 
30p post and packing. Add 1 5% VAT to total order. 
Callers please ring to check availability of kits. 

T. PO WELL 
ADVANCE W ORKS 
44 W ALLACE ROAD, LONDON, N.1 
TEL. 01-226 1489 

LATE EXTR A 
VVatchdog Intruder Alarm  ZD89 
-Temperature Controlled Soldering Iron ZD90 
Freezer Alarm (on Vero)  ZD91 
Tug 0 War Game  .ZD94 
Nobell Doorbell  ZD93 
Kitchen Timer (on Vero)  ZD92 
Light Dimmer    ZD88 

OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 

80  £15 75 
80  £9.00 
80  £8 50 
80  E 1 2.50 
80  £9 75 
80  £5.50 
80  £5 no 

All kits contain components as specified plus Texas I C sockets 
where required, also connecting wire 

FAIRCHILD FLV150 red. 2 LEOS. 10 for £1.00, 100 for £7.50 
DALY ELECTROLYTIC CAPACITORS 2000uF 100v £1.50 
PHILIPS SCOPE Tube 5" CV2I91, DG-13-2 £10 

Minimum telephone Orders £5 
Minimum Mail Order £1 

SHOP HOURS 
MON -FRI  9-5 30 p 
SAT  9-4 30 p 
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 Feature

Into Electronic
Components

In this new series Ian Sinclair describes electronic components and how they are
used in electronic circuits.

To understand how electronic components are working, it is important to be able to
measure the quantities of voltage, current and resistance associated with them. This
series has been tailored to measurements made with the easy -to -use HE Multitester

(see special offer on page 51). Most of the measurements described can also be
made with a standard multimeter

HAVE YOU EVER really thought about electronic components?
You see a list of components for an HE project, you send away
for them from a component supplier, you get them, solder them
in and that's it. Trouble is, it's not always like that, is it? Compo-
nent Xis unavailable: will component Y do? Does it matter if it's
rated at 1 6 V or at 2 5 V? Why is one resistor rated at 1/4 W while
the other is rated at Y. W? What do they do, anyway? These are
the kinds of questions that we'd like to sort out in this series,
and so that this can be useful to all our readers we've made it a
practically -based series as well. In addition, because we have a
lot of readers who regard circuit calculations as a form of black
magic, we've explained these as well. It might mean fewer let-
ters to Clever Dick, but he won't mind that!

Bits 'n' Pieces
Electronic components, as if you didn't know, are the things
you have to connect together to make an electronic circuit.
They range from transistors and ICs, resistors and capacitors to
switches and potentiometers and the printed circuit board
(PCB) itself. Each of them carries out some definite action in the
circuit, and each of them can go wrong. Knowing about them
helps you to understand what each one is doing, and also to find
out if one of them has gone astray.

One method we use to divide electronic components into dif-
ferent classes is the idea of active and passive. It's a simple
enough idea, but it's not quite so simple to explain, especially to
a complete beginner. Resistors, capacitors and inductors are all
passive components. If you put an electrical signal into a circuit
made up entirely from these components, the most you can
ever expect is that you might just get as much signal power out
of the circuit as you put into it. It's more likely that you'll get less
out, and as sure as a politician forgets promises you'll never get
a greater signal power at the output.

Active components are things like transistors and ICs. Given
a direct current (DC) supply, you can put a signal into these
devices and get greater signal power out. You're not getting
something for nothing mind you because the extra power has
come from the DC supply, but this is an action which simply
cannot be done by passive components alone. It's a more com-
plicated action too and, as you must have gathered, it needs a
DC supply.

Save The Solder
Now this series isn't just going to rabbit on about components.
This is HE you're reading, and we like our learning to be prac-
tical. At the same time, we don't want to put you to the expense
of buying components which might be of limited use if they all
end up soldered to scraps of PCB. To get around the problem,
the series is designed around a solderless breadboard. For old
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a
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Figure 1. Example of Eurobreadboard. Components are connected
into a circuit simply by plugging them into the holes provided on the

 board

customers, yes, this is our good friend the Eurobreadboard, and
if you have one from a previous HE 'Into' series, it will still serve
you well. For newcomers, the Eurobreadboard is a method of
building circuits using modern components but without solder-
ing, so that your components remain as fresh -and -usable after
our series as they were before. The Eurobreadboard will cost
you a bit at the start, but it'll pay for itself in components over its
long and useful life. As an example, mine earns its keep all the
time because I use it to try out circuits before I even reach for
the soldering iron and as often as not, I find I need or want some
change in the circuit which would have been awkward if I had
soldered all the components into a PCB.

What is this Eurobreadboard, then, which is the first compo-
nent in this series? Figure 1 shows it in all its naked page -3 -of -
the -Sun -beauty. On top of the board, which is a plastic slab, is a
set of holes, lots of them, arranged in groups of five. We can in-
sert bits of wire into these holes, and the bits of wire can be the
leads of components like resistors, capacitors and transistors.
There's only room for one wire in each hole, and that's why the
holes are in groups of five. One wire pushed into one hole in a
group of five is held by a metal clip, and the same clip will also
hold and make contact with another wire pushed into another
hole in the group, as surely as if you had soldered both wires to
the same track on a PCB.
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Figure 2. Using Eurobreadboard along with an integrated circuit. The
holes of the Eurobreadboard are arranged so that an IC can be
plugged in as easily as any other component

The next cunning part is that the groups of holes are arrang-
ed in four columns. The spacing between the columns allows us
to plug ICs into the holes (see Fig.2), so that each pin of the IC is
connected to a different group of holes. Just to make life easier
still, the columns are lettered A,B,C and D, and the rows of
holes are numbered 1 -25. The good thing about all this is that
we can use this numbering system to show you exactly where
on the board a lead should be plugged in. For example, we can
show on a diagram a wire plugged into 5A. This has to be one of
the five holes on column A, line 5, as shown in Fig.3. Which
hole? Doesn't matter, because they're all connected. If we
showed in a diagram two components plugging into 5A, that
means one lead in one of the holes of 5A, the other lead in any
other hole of line 5A, leaving three holes unused for any other
connections we might want to make to this line.

Figure 3. Resistors plugged into Eurobreadboard

Five holes per line is sufficient for practically all circuits, but
we usually need more connections for positive (+ V) and
negative H V) supply lines. To make this easier, there are four
longer lines of holes around the edge of the Eurobreadboard,
which are marked X1 , X2, Y1 and Y2. All the holes in one line
are joined underneath the board, but these four lines are not
joined, allowing you to use four separate supply connections on
the one board, if you want.

Quintessential Quantities
You don't get very far in any hobby or craft without
measurements, and you can't measure without units. Elec-
tronics is no exception, and the three quantities that we need to
concentrate on at this stage are volts, amps and ohms. The
usual forms these can take are given in Table 1 .

Voltage is the pushing quantity, the one which drives an
electric current around a circuit, and it is measured in units call-
ed volts, named after an Italian pioneer of more than two hun-
dred years ago, Alessandro Volta.

Current is the rate at which electricity flows in a circuit, and it
is measured in units which are named after a French pioneer,
Ampere. We usually shorten this to amp (causing various ex-
aminers and professors to have hysterics) but for electronics
use nowadays, the amp is rather a lot of current. We get around
this by using thousandths of amps, called milliamps (shortened
to mA) and millionths of amps, called microamps (uA) as units
for small currents. Don't mix these two up, it's milli for
thousandths, and micro for millionths; the milli is a thousand
times larger than the micro.

When electric current flows through a resistor, a push
(voltage) is needed to keep up the flow (current). Another old-
timer, Georg Simeon Ohm, discovered that the ratio of voltage
to current for a sample of a metal stayed constant, even when
quite different values of voltage and current were used. We
know this discovery now under the name of Ohm's law, and we
use it also in the name of the unit of electrical resistance, the
ohm.

We'll go into lots more detail about Ohm's law and the ohm in
the next part of this series but that's all we need in that line of
enquiry for this month.

Batteries - No Hens
Batteries are an essential part of electronics nowadays, as they
were in the beginning; because so much of modern electronic
circuitry is portable. Batteries, made up of a collection of in-
dividual cells, are important in other ways also because they in-
troduce us to voltage, the quantity that pushes current around,
in a practical way. What happens inside one of these cells,
then? Figure 4 shows a cross-section of the most common type
of cell - the carbon -zinc type. You can see that the cell has a
metal casing which is made of zinc and which is used to enclose
the rest of the bits and pieces. At the centre of the case, there's

CHEMICAL
PASTE

COPPER CAP

SIDE VIEW (IN SECTION)

ZINC
CASE

CARBON
ROD

Figure 4. Conventional zinc -carbon cell, which is the unit used for
most batteries

VOLTS AMPS OHMS

1 millivolt (mV) = lobo volt 1 milliohm (mR) = Mb° ohm

1000R = 1 kilohm (k)
1000000R = 1 megohm (MI
so that: 1000k = 1 MO

1 milliamp (mA) = TO -6 -amp

1 microvolt (uV) = 10o:1000volt

so that: 1000 uV = 1 mV
1000 mV = 1 V

also: 1000 V = 1 kilovolt (kV)

1 microamp luAl = l000000 amp

so that: 1000 uA = 1 mA
1000 mA = 1 A

Table 1. Quantities of voltage (volts), current (amps) and resistance (ohms)
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a rod made of carbon - dense, hard carbon that conducts elec-
tric current almost as well as a piece of metal. Between the car-
bon and the zinc, there's a paste of chemicals, slightly moist,
and at the top end of the zinc case there's a sealing cap made
from pitch or plastic.

What happens is this - the paste contains a very weak acid
which can't quite dissolve the zinc by itself. Dissolving zinc
means that tiny particles of zinc, called ions, have to move from
the metal to the paste, and this can't happen unless other par-
ticles, called electrons, also move in the other direction. Now as
it happens, the movement of these electrons (and ions) is what
we call electric current, and we have the peculiar situation that
zinc can't dissolve unless electric current can flow. It's not so
peculiar, really, because it's like saying that you can't go into a
full car park until someone drives out.

We can make a path for the electric current by connecting a
circuit between the carbon rod and the zinc. The electrons are
then free to flow through the circuit, the zinc, the moist
chemical in the paste, and the carbon - all the way round. What
is pushing them is the energy from the chemical action, zinc
dissolving in a weak acid, giving us the voltage that we need to
keep the action going.

Now the carbon -zinc battery (we get 1.5 V from each cell,
and six of them give us a 9 V battery) will be as much as we need
for many of our purposes, but it's by no means the only kind of
battery around. There are the nickel -cadmium types, for exam-
ple, whose chemical action can be reversed, allowing them to
be recharged (a better word would be 'reformed' - it's not elec-
tric charge that is stored). There are the manganese -alkaline
batteries, useful when you want a comparatively high current
now and again - perfect for photographic flash units. There are
also silver -oxide batteries which keep a steady voltage for years
when the current drain is small and steady - we use them in
watches and calculators. Plenty of other types of batteries are
also available, but they are all specialised types.

Figure 5. The HE Multitester. If you already have a multimeter
(20k/V or better) then you will be able to use it for the
measurements described in this series. If you have no meter then
take advantage of this excellent instrument at an attractive price

Multiple Measurements
One item essential to any serious constructor or troubleshooter
is a multimeter. If the only meter you've met is a gas meter, and
you think that a multimeter measures 'multis', then you'd bet-
ter spend some time on this section. We're going to be using a
multimeter throughout this series, and in the next part we'll be
exploring inside one to see how it works. For the moment,
though, it is enough to say that a multimeter is a meter which
can make measurements of volts, amps and ohms, and which
has several ranges for measuring each of these quantities.

Why should we need several ranges of each? Think of
voltage measurements first of all. You might at some stage
want to work on TV receiver servicing or the servicing of high -
power stereo amplifiers. That means that you'll want to be able
to measure voltages of up to 300 V or so. You'll also need to be
able to measure quantities like the voltage drop between the
base and the emitter of a transistor, which is around 0.6 V. Now
there's no way that you can measure both of these amounts on
the same scale. If you have a meter with a scale that's labelled 0
to 100, then if the 100 represents 100 V, 0.6 V is so close to 0
that you could never read it correctly. Because very small
readings on a scale are so difficult to see and unreliable
(especially if the needle is slightly sticky), we make use of
several different scales, and choose whichever one gives a
reading around the middle or the high end of the scale rather
than close to zero. That's why the HE Meter (see Fig.5 and the
special offer on page 51) has voltage scales whose maximum
values are 0.125 V, 0.250 V, 1.25 V, 2.5 V, 10V, 25 V, 50 V,
125 V, 250 V, 500 V and 1000 V.

Having explained why we have several scales for each quan-
tity we want to measure, why then do we need to measure so
many quantities? The ability to measure DC voltage is always
useful, because readings of these voltages can tell us,for exam-
ple, the state of a battery (if we take the readings in the correct
way) or whether a circuit is operating correctly. We need to be
able to measure AC voltages because, for example, it can be
useful to know: if the mains supply is switched on, or how much
AC voltage is obtained from the mains transformer. We need
DC current ranges less often than DC voltage ranges although
current readings are sometimes essential. We also need
resistance ranges to check if that blackened resistor is really a
2k2, or to find the value of that resistor with its colour bands
rubbed off, or to check whether a capacitor has become 'leaky'.

Readings
Taking readings with a multimeter is something that most peo-
ple have to pick up for themselves - and usually do so wrongly.
Let's start with DC voltage readings. To make a reading of DC
voltage will entail the use of one of the DC voltage scales.
Which one? If you have absolutely no idea, then it makes good
sense to start with the meter switched to the highest range,
which on the HE Meter is the 250 V range. It's marked
250/1000 V, incidentally, but it reads to 1000 V only if the
positive probe is plugged into the 1000 V socket. If, on the
other hand, you have a pretty good idea what the voltage will be

SWITCHED TO
VOLTAGE RANGE

Figure 6. Making a voltage reading with a meter. The probes are
connected to the points across which the voltage is to be read
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(because, say, you're using a 9 V battery), then use a range that
will take in the battery voltage: on the HE Meter this would be
the 10 V range. With the range adjusted, plug the negative pro-
be lead (black) into the socket on the meter which is marked
- COM, and the positive probe lead (red) into the socket on the
meter marked + VOA. Now touch the end of the black probe on
the negative terminal of the battery, and the red probe end on
the positive battery terminal as shown in Fig.6. (If the needle
tries to go backward you must have the connections the wrong
way round.)

Now read the voltage from the needle position on the scale.
Which scale? You should know - you've just selected it! If you
are switched to the 10 V scale of the HE Meter, then you look
for the scale which is marked from 0 to 10 - on the HE Meter
it's the fourth of the black lettered scales, reading from the top.
Look for the position of the needle along that scale - it should
be halfway between 8 and 10. The mirror on the scale, inciden-
tally, is to show you when you are looking in the right direction
to read the scale. When you can't see the reflection of the nee-
dle because of the needle itself, you are in the right position,
directly over the scale.

Sometimes the reading part isn't quite so straightforward as
that, because the values read on the meter have to be multiplied
or divided by 10. For example, a meter having a 0-10 scale, can
be used for a 0-100 V range. That just means that 10 on the
scale represents 100 V, 3 on the scale represents 30 V and so
on. You take your reading, multiply by 10 (in this example) and
you're there.

Another oddity that sometimes occurs is negative voltage.
You know when a voltage is negative to earth when the needle
of the meter tries to move backwards when you place the probes
on the circuit. There's no real problem, though. Just reverse the
connections to the circuit so that the red lead is on the earth line
and the black probe on the point at which you want to measure
the voltage. Go ahead and make the measurement, remember-
ing to write down the negative sign to remind yourself, and then
return to using the probes in the usual way for other readings of
positive voltages.

Alternating (AC) voltages are read in the same way as DC
voltages, but with the meter switched to the AC voltage
ranges. The HE Meter has AC voltage ranges of 5 V, 10 V, 25 V,
50 V, 125 V, 250 V, 500 V and 1000 V.

)PART OF
A CIRCUIT

BREAK IN
CIRCUIT

SWITCHED TO
CURRENT RANGE

Figure 7. Making a current reading. The circuit is broken and the
meter it connected into the break so that the current flows through
the meter

Measurement of DC currents comes next. It's an entirely dif-
ferent business from measuring voltage, because to measure a
current we have to make the current flow through the meter.
This means breaking the circuit where the current is to be
measured, and inserting the meter, correct way round, in the
gap (see Fig.7). Correct way round? Yes, because if the current
flows through the meter the wrong way round, it'll try to move
the needle backwards. The correct way is with the more
positive side of the break connected to the positive ( + V) meter
lead, and the more negative side to the negative ( - V) meter

lead. For current ranges it's preferable to clip the meter leads in
place, to prevent them falling off. The HE Meter, in common
with many multimeters, does not have probes ending in clips,
but since the connection sockets for the meter are of the stan-
dard 4 mm type, it's not difficult to get hold of leads that will fit,
such as those shown in Fig.8. If all else fails, squeeze the socket
end of a crocodile clip until the HE Meter probe is a tight push fit
into it. Also as before, if you haven't a clue as to how much cur-
rent is likely to flow, it's safer to start with the meter switched
to a high range, like the 500 mA range on the HE Meter.

Figure 8. Leads like these fitted with a pair of crocodile Icrocl clips
are very useful for all sorts of measurements. Of course, if you do
happen to have three hands . . .

You can't damage the meter if you try to measure currents
with the meter switched to a voltage range - all you'll get is a
wrong reading. What you must never do is to try to measure a
voltage when the meter is switched to a current range, because
this can make the needle of the meter swing over violently.
Meters nowadays (and the HE Meter is no exception - I've just
opened it to check!) are protected against such booboos, but it
makes sense not to rely too much on the protection. If you teach
yourself always to break into the circuit and connect up before
you switch to a current range, and always to switch back to the
250 V range (or off) after making any set of readings, you are
much less likely to send the needle supersonic in this way.

The measurement of resistance is something quite different
again. You start by shorting the leads together, and this is much
easier if both have clip ends (see Fig.9a1. Switch to the lowest
ohms scale, marked Rx1 on the HE Meter (make sure that all
switches are correctly set - the slide -switch on the HE Meter
should be at the VOA position as it is for most readings), and use
the ohms adjustor, a wheel or knob, to set the needle reading to
zero ohms. Unlike other readings, the zero ohms mark is at the
right-hand end of the scale. Once that's done, you connect the
meter probes to the resistor you want to measure, one to each
lead, as shown in Fig.9b. You can then read the resistance on
the resistance scale. If the value of the resistor is too high, the
reading will be so close to the left-hand side of the ohms scale
(marked co, meaning infinitely large resistance) that it will be
useless trying to take a reading, and you'll have to switch to a
higher ohms scale. If you only want an approximate idea of the
resistance value you won't need to go through all the procedure
of shorting the leads together again and adjusting the needle
over the zero ohms for the new scale, but if you want a precise
reading you'll have to make the effort.

Don't try to make resistance readings on a resistor which is
connected into a circuit, because you'll be measuring the
resistance of the components that are connected to it as well. If
you have to take a resistance reading on a component in a cir-
cuit, unsolder one end and pull it clear of the PCB first. Circuits
built on Eurobreadboard have a distinct advantage here!

Two more points about resistance readings are worth
noting. One is to switch back to voltage ranges, or OFF,
whenever you've finished with resistance readings, because if
you connect to a voltage with the meter switched to the ohms
range, you stand a good chance of damaging the meter. The
other point is that the ohms readings depend on the use of a bat-
tery (two cells are used in the HE Meter) inside the meter, and
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Into Electronic Components 

this battery will have to be replaced whenever you find that you
can't get the needle to the zero mark by using the ohms ad-
justor. Another consequence of using this internal battery ar-
rangement is an odd one. When the meter is switched on to any
ohms scale, the polarities are reversed - that is, there's a
negative voltage at the + VOA socket, and a positive voltage at
the - COM socket. This is unimportant until you want to use

ZERO FOR
OHMS SCALE

OHMS
ADJUSTOR

OHMS SETTING

CROCODILE CLIPS
CONNECTED

the meter for checking diodes - but we'll deal with this problem
in a later part of this series.

Next month - much more on meters and measurements.
We'll hold off practical work until you've had time to buy the HE
Meter, if you haven't a meter at the moment. The really heavy
use of meter measurements comes in Part 6 and later, when we
look at diodes, transistors, and their kin, but we'll have
something to measure in each part. See you next time.

READING OF OHMS

Figure 9. Making a
resistance reading
using one of the
ohms scales of the
HE Multitester: a)
join the crop clips
together and adjust
the ohms adjustor
until the needle
points to zero (0)
on the ohms scale,
bl connect the clips
to each lead of the
resistor under test,
as shown. A similar
procedure is used
with other meters,
with the exception
of a few from
Russia

Special Offer To
HE Readers Only

Invaluable Aid
To The Hobbyist

THIS Multitester offers much
more than a standard
multimeter, as the specifica-
tion shows. Apart from DC
and AC voltage, DC current,
resistance and decibel ranges,
the HE Multitester has a range
doubler for voltage and cur-
rent measurements. Thus
sensitivity on DC voltage
ranges extends to 50k/V.

The meter dial is large (1 1 1

mm by 89 mm) and easy to
read. It has a mirror strip to im-
prove accuracy of readings.

The new series Into Elec-
tronic Components, which
starts in this month's issue,
has been written around this
Multitester. Although other
instruments can be used in
conjunction with the series,
the HE Multitester is un-
doubtedly the best choice.

So take advantage of this
special offer: the Multitester
is supplied complete with test
leads with probes attached,
batteries and instructions for
only £19 plus 95p post and
packing.

Multitester-Only

Specification
 Overload protected by two silicon diodes
 Uses double -jewelled t 2% meter with mirror and

t 1% temperature stabilised resistor

RESISTOR

HE

Measurement Ranges Accuracy Remarks

DC Voltage 0-125-250 mV
0-1.25-2.5-5-10
-25-50-125-250
-500-1000 V

t4%
125 mV to 2.5 V
500 to 1000 V

r 3% except as noted

Sensitivity
50k/V range doubled
25k/V normal

AC Voltage 0-5-10-25-50-
-125-250-500
-1000 V

x 4% of full scale Sensitivity
10k/V range doubled
5k/V normal

DC Current 0-25-50 uA
0-2.5-5-25-50
-250-500 mA
0-5-10 A

Same as forDC voltage

Resistance

Decibels

0-2k -20k
-200 k
0 -2M -20M
(centre scale 10)

-- 20 to + 62 dB

t 3% of scale length Batteries:
one penlight
1 5 V
one rectangular
9v

8 -ranges

Size

Weight

H170 x W124 x D50 mm

590g (battery and test leads included)

1177(3, HE Multitester Offer, Modmags Limited, 145 Charing Cross Road. LONDON1
WC2H OEE

Please send me Multitester(s) at f 19.95 including post and packing.
I enclose a cheque/PO made payable to Modmags Limited for f

OR

I wish to pay by Barclaycard. Please charge to my account number

BARCLAYCARD NO 

VISA 4 9 2 9 T 1

Signature

Name
(BLOCK CAPITALS)
Address
(BLOCK CAPITALS)

Please note that the offer applies to UK main/and only: allow 28 days for deliveryL J
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1)(RPM Meter
Can you count from 0 - 30,000 in one minute? With the HE
Electronic Rev Counter you can!

THIS LINEAR SCALE revs -per -minute
counter lets you measure the speed of
rotating objects from about 300 RPM
to 30,000 RPM. Use of a light-
sensitive probe means no mechanical
linkage is required and faster or slower
speeds could be measured with only
simple modifications. The input stage
features a self-adjusting Schmitt trigger
circuit that enables the probe to work
in a range of ambient lighting
conditions. A single 9 V battery
provides the power, and low current
drain means a useful life will be
obtained from a PP3-sized source.

01 34555
Can you rearrange those numbers to
make a well-known phrase or saying?
Of course, it's an anagram of the 3140
MOSFET (Metal Oxide Semiconductor
Field Effect Transistor) operational
amplifier and the familiar 555 timer.
The advantages of the 31 40 over the
less -expensive 741 -type of op amp
are: its common mode input range

which includes the negative supply
rail, faster output slew rate and

very high input impedance
millions of megohms. All

these characteristics are
exploited in this design

so don't use a 741
- it won't work.

Construction
Build up the printed circuit board

(PCB) first. Insert and solder resistors
followed by capacitors. Capacitor C5 is
polarised, so make sure you get it the
right way round. Figure 2 gives details
of component locations.

Next, insert and solder PCB pins at
the nine points where off -board
connections are made. This may seem
unnecessary but it means that you can
make (and remake if needed) all
connections after the board has been
fitted into the box so that all wiring is
neat, and not in a 'bird's -nest' state.

Now solder in zener diode ZD1,
making sure that it is the right way
round.

Use integrated circuit sockets to
hold the two ICs. As well as making it
easier to substitute and test ICs, the
sockets enable you to whip out the
chips if they are required for another
project without having to attack the
finished unit with a hot soldering iron.
(Note that despite the use of MOS
transistors in the 3140, the device is
not susceptible to damage from static
electricity and no special handling
precautions are required.)

Mark and drill the case for the meter
and two switches. Fit these, the PCB

and the battery into their final
positions. Two or three self-adhesive
foam pads are ideal to hold the circuit
board and battery.

Now, wire up the project as the
connection details in Fig.2 show.

Finally, mount the photo -transistor
in an old felt-tip or ball-point pen, after
covering the body of the sensor
transistor (see Fig.3) with a short
length of opaque sleeving to cut down
ambient light. Readily -obtainable heat -
shrink, or rubber, sleeving is ideal, but
if you can't obtain this a few turns of
insulating tape, neatly wrapped round,
will do the job.

Calibration And Use
Calibration is very simple. All you need
to do is switch to the 0 - 3,000 RPM
range and point the sensor at an
electric light bulb. The light from the
lamp will be modulated at the 50 Hz
mains frequency corresponding to a
3,000 RPM signal (50 x 60). Wait a
moment for the auto -Schmitt input
stage to adjust itself, you may have to
point the sensor away from the lamp
slightly, until the meter gives an
indication. Then adjust RV1 for a
reading of 3,000 RPM, full-scale on the
meter. In fact, because the lamp
brightens for each half -cycle of the
mains, its output frequency is 100 Hz.
However, on the 3,000 RPM range,
the unit is unable to respond to a
100 Hz input and indicates 3,000
RPM. By switching to the 30,000 RPM
range, you should obtain a true reading
of 6,000 RPM. For this reason you
should always commence your
measurements with the unit switched
to the 30,000 RPM range.

In use, the object to be measured is
arranged so that the sensor sees an
increase in reflected light once per
revolution. For example, you can
measure the speed of an electric motor
by slipping a short length of black
sleeving over its shaft. Paint one side
of the sleeving with white paint so that
the sensor sees white and black
sections alternately as the shaft
revolves. Although the input stage will
compensate automatically for various
lighting conditions it may sometimes be
helpful to illuminate the shaft with the
light from a small pocket torch. One of
those with a lens -end pre -focus bulb is
ideal.

To obtain a 0-300,000 RPM range,
use a 10k resistor for R5. To measure
slower revolutions, simply arrange for
more black/white transitions per
revolution using striped paper wrapped
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RPM Meter • 

TRANSISTOR 01 
CONNECTED USING 
JACK PLUG AND 
SOCKET AND SCREENED 
CABLE 

Al 
10k 

NOTE 
ICI IS 3140 
IC2 IS 555 
01 IS TIL78 

ZD1 IS 5V6 400 mW ZENER 
MI IS 100 A FSD 

IC1 

. .(\"./ V • —' 
3 

R2 
10M 

1,10,1 

7 

4 

13 
33 

C3 
1n0 

724 

11,2 

R5 
IMO 

3,000' 
RPM 

R6 
100k 

30.000' 
RPM 

S'1,1 

C4 
15n 

ZD1 

Al 
39OR 

RV1 
22k 

R8 
33k 

C5 
2 2u 

YA 2  . 

SHORT LEAD CLOSEST 
TO FLAT IS COLLECTOR 

k 
ZD1 

Figure 1. Circuit of the HE RPM Meter 

around the shaft or a radially patterned 
disc mounted on a rotating wheel. Ten 
black/white stripes per revolution give 
a 0-300 RPM range and so on. There 
are many techniques for measuring the 
speed of rotating objects. This unit is 
cheap and simple to build and calibrate 
providing an excellent introduction to 

electronic measurement systems. Build 
one for your lab or workshop or just for 
fun — amaze your friends with a 
'revolution' in electronics! 

Parts List 
RESISTORS 
R1  10k 
R2  10M 
R3,8  33k 
R4  22k 
R5 
R6  100k 
R7  390R 

POTENTIOMETER 
RV1  22k miniature horizontal 

preset 

CAPACITORS 
C1,2  100n ceramic 
C3  1n0 ceramic 
C4  15n polyester 
C5  22u, 16 V tantalum 

SEMICONDUCTORS 
IC1  3140E MOSFET 

operational amplifier 
IC2  555 timer 
01  TIL 78 photo-transistor 
ZD1  5V6, 400mW zener 

diode 

MISCELLANEOUS 
SW1  single-pole, double-throw 

toggle switch 
SW2  single-pole, single-throw 

toggle switch 
M1  100 uA FSD moving-coil 

meter 
3.5 mm jack plug Et socket (or similar) 
Case to suit (see Buylines) 

0 

 0 

MAKE A DISC LIKE THIS 
TO EXTEND THE SLOW 
SPEED RANGE TO 0-30ORPM 

How It Works 

The input signal is 'squared up' by the Schmitt trigger whose output 
drives a monostable multivibrator; ie, each time the monostable is trig-
gered by the Schmitt trigger it produces an output pulse whose period is 
determined by the associated resistor. A simple changeover switch 
selecr.s the appropriate timing resistor for the selected measurement 
range. The output from the monostable is used to drive a meter — the 
closer the pulses (ie, a greater RPM), the more the meter needle moves. 

OTFE SIGNAL FROM 
THE 'HOTOTRANSISTOR 

SCHMITT 
TRIGGER 

® AFTER THE 
SCHMITT TRIGGER 

© AFTER THE MONOSTABLE 
MULTIVIBRATOR 

Light 'ailing on transistor Q1 causes a 
current to flow through it (because it is a 
photo-transistor) and a voltage is 
develcped across resistor R1. If the light 
is moculated ie, goes brighter and dim-
mer, the voltage across H1 will rise and 
fall in sympathy. Capacitor Cl removes 
any noise spikes which may have been 
pickec up by the connecting leads and 
the resultant signal goes to the inverting 
input of IC1. This is an op amp used as a 
compErator; comparing the voltage at 
the irverting input. We obtain the 
reference voltage by low-pass filtering 
the input voltage with R2 and C2. An in-
put signal producing a voltage across R1 
which ranges from 1 V to 4 V will result 
in a reference voltage of about 2.5 V. 
the average of the peak and trough 
values. The exact reference voltage will 
also be a function of the input's mark-to-
space ratio which should ideally be 50% 
lie, ecual light and dark areas on the 
rotatirg surface). 

MONOSTABLE 
MULTIVIBRATOR 

The output of IC1 consists of a 
squarewave at the same frequency as 
the input signal. This output signal trig-
gers the 555 timer on each falling edge. 
A differentiating circuit C3,R3 and R4 is 
used to produce a short trigger pulse. 
The 555's monostable output pulse is a 
function of range setting resistors R5 
and 6. 

To make the unit less sensitive to fall-
ing battery voltage the output of IC2 is 
clipped by ZD1, a 5V6 zener diode, and 
the meter is driven from this voltage 
through a current-limiting series 
resistance comprising RV1 and R8. 

Current pulses from IC2 are averag-
ed in the meter, the deflection of which 
indicates the input frequency scaled in 
RPM. To allow for variations in compo-
nent tolerances, full-scale deflection is 
obtained from an 80% duty cycle. The 
supply is smoothed by C5 which should 
be mounted close to IC2. 
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I Project RPM Meter • 

Figure 3. Close-up details 
of the phototransistor, 
insulated with rubber 
sleeving, prior to insertion 
into a pen body 

Figure 2. Printed circuit board overlay along 
with connection details of the project 

SCREENED 
CABLE 

teiV . 

Left. Internal view of the HE RPM Meter. 

HE 

Buylines 

None of the components should cause 
any difficulty and you should find 
several sources of suitable devices. 
Shop around for the meter: price 
depends on physical size and quality. As 
you would expect, smaller ones are 
cheaper. 
In case of difficulty, the 3140, 555 

and  TIL 78 are still available from 
Technomatic Ltd. 
Approximate price of components 

(excluding case, PCB and meter) will be£  
5. 
The case we used to house our proto-

type was type 202-21029, available 
from Vero Electronics. 
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Your Letters A selection of your 
letters to the Editor 

ALTHOUGH IT IS DIFFICULT to 
eliminate all the errors from a technical 
publication such as HE, sometimes it is 
our readers who have misunderstood 
what has been printed, as this first 
letter shows. 

Dear Editor; 
I have recently completed a project 
which you printed in HE in the April 81 
issue. The project was the Windscreen 
Washer Alarm. In the section 'How It 
Works', you state that 'When the 
probe resistance is less than the 
internal resistance (as it will be if the 
level of fluid is above the bottom of the 
probes) — surely this is an error and it 
should be 'below the bottom of the 
probes'? 
I would be pleased if you could 

inform me if it is an error as I have 
completed this project for an 
examination and on the 'write up' I 
have to explain its function. 
G Whalley 
Halesowen, 
West Midlands. 

No mistake was made in the 'How It 
Works' section for this project. If the 
fluid is above the bottom of the probes 
(that is, when both probes are 
immersed in the fluid) then the 
resistance between them will be lower 
than the circuit resistance and no alarm 
will be given. 

Dear Sir, 
I am thinking of building a car radio. 
Could you please advise me if there are 
any kits available for a radio or cassette 
player and from whom I would be able 
to buy one? 
A D Wilson 
Knutsford, 
Cheshire. 
The only car radio kit that we are aware 
of is that being offered by RTVC, 323 
Edgware Road, London W2 (tel 01 
723 8432). This is a simple MW/LW 
receiver, with five push-buttons for 
tuning and with an audio output of 
6 W. It uses an LP1181 IF module 
from Mullard Ltd. According to RTVC, 
the printed circuit supplied with the kit 
is undrilled, and the company cannot 
supply an after-sales service, apart 
from replacement of faulty 
components. 
The kit (constructors' pack 7A) 

costs £10.50 plus £2 post and 
packing. Constructors' pack 7A 
contains a stainless steel retractable 
locking aerial and a loudspeaker, at an 
additional cost of £1.95 plus £1.15 
postage and packing. 

Dear Mr Davies, 
I have just purchased a soldering iron 
but have no instructions with it. I am a 
beginner in Electronics and would be 
very grateful for a pamphlet or some 
notes on the operation and workings of 

a soldering iron. 
Leo McHugh 
Co. Dublin, Eire. 

PS I think your mag is the best on the 
market, keep up the good work. 

We last covered soldering technique 
under Building Site in the December 
'80 issue of HE, on pages 62 and 63. 
I'll make sure that you receive a copy 
of this article. See Building Site next 
month, too. 

Dear Sir, 
In your May and June editions of HE 
you had a two part project of an Infra-
red Remote Controller. Under the 
Buylines section, it said that kits from 
TK Electronics were available, a 
receiver for £4.83 inc VAT and a 
transmitter for £10.35 inc VAT. Surely 
the transmitter and receiver prices are 
the wrong way round? 
P Robinson 
Middlesbrough, 
Cleveland. 

Yes, it was a mistake — the prices 
were transposed under Buylines on 
page 50 of the May '81 issue and 
under Buylines on page 61 of the June 
'81 issue. The cost of the receiver 
should have been shown as £10.35 
including VAT and the cost of the 
transmitter as £4.83 including VAT. 
And we'll have to end it there for this 
month.  HE 

Conq uer the chip. 
Be it a career, hobby interest, like it or not the Silicon Chip 

will revolutionise every human activity over the next ten years. 
Knowledge of its operation and its use is vital. Knowledge you 

can attain, through us, in simple, easy to understand stages. 
Learn the technology of the future today in your own home. 

MASTER ELECTRONICS LEARN THE PRACTICAL WAY 
BY SEEING AND DOING 

• Building an oscilloscope.  • Recognition of components 
• Understanding circuit diagrams. • Handling all types Solid State 'Chips'. 
• Carry out over 40 experiments on basic circuits and on digital electronics. 
• Testing and servicing of Radio, T.V., Hi• Fi and all types of modern 
computerised equipment. 

MASTER COMPUTERS 
LEARN HOW TO REALLY UNDERSTAND COMPUTERS, HOW 

THEY WORK - THEIR 'LANGUAGE' AND HOW TO DO PROGRAMS. 
• Complete Home Study library.  • Special educational Mini-
Computer supplied ready for use. • Self Test program 

• Services of skilled tutor available.  exercise. 

MASTER THE REST 
• Radio Amateurs Licence. • Logic/Digital techniques. 
• Examination courses (City & Guilds etc.) in electronics. 
• Semi-conductor technology. 
• Kits for Signal Generators - Digital Meters etc. 

FPlease send your FREE brochure 
without obligation to 

RName   
E Address   

I am interested in 
PRACTICAL ELECTRONICS   
COMPUTER TECHNOLOGY   
OTHER SUBJECTS(please state 
your interests)   

 1 

(Block Caps please)  HE/8/813 
BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, 
4 CLEVELAND ROAD, JERSEY, CHANNEL ISLANDS. 
L.  -J 

Hobby Electronics, August 1981 55 



IN Feature 

UOSAT Britain's 
hobbyist satellite 

In the run-up to the UOSAT launch, Bill Mitchell* outlines the functions of the satellite 
and the measurements it is to make. As he points out, the keen amateur will be able 
to monitor the radio and video transmissions from UOSAT using inexpensive 
equipment 

THE FIRST SATELLITE built specifically to promote a greater 
practical interest in space science among educational 
establishments, and with facilities for use by radio amateurs 
and hobbyists, is now undergoing final test prior to its launch in 
September of this year. Designed and constructed by the 
University of Surrey with material and financial support from 
British industry, UOSAT (University Of Surrey SATellite) will 
transmit coded and voice-synthesised speech data that can be 
picked up by most amateur VHF FM communications receivers. 
It will also incorporate a charge-coupled device (CCD) camera 
for the transmission of pictures that can be received by an or-
dinary domestic TV set by the use of a simple adaptor circuit. 
Unlike previous radio amateur satellites launched either 

under the auspices of AMSAT (Radio Amateur Satellite Cor-
poration) OSCAR series, or by the USSR (RS1 and 2), which 
have been intended primarily for increasing the VHF and UHF 
range of transmissions by radio amateurs, UOSAT's function is 
to stimulate a greater practical interest in space science among 
schools, colleges and universities; to provide radio amateurs 
and hobbyists with a tool for studying the ionosphere through 
which the transmissions travel; and to establish an active body 
in the UK with the resources to contribute further to the 
amateur satellite programme. 
As such, with the wide range of measurements it is capable 

of performing and the large volume of data that it will be 
transmitting back to earth, UOSAT represents a unique British 
achievement in space science for the masses, and can possibly 
be best described as a universal multimeter in the sky. 

Vision And Voice 
Much of the analogue and digital data being transmitted back to 
earth will require something more than a standard FM com-
munications receiver, although their reception will not be 
beyond the capabilities of the keen amateur. What makes 
UOSAT so unique is the provision of earth pictures from its 
solid-state camera, and its synthesised speech transmission. 
Covering an area of 500 x 500 km (300 square miles) of the 

earth's surface, the image from the earth-pointing camera will 
be formed on a charge-coupled device (CCD) and stored in the 
satellite's on-board computer until transmission to ground, a 
process that takes three to four minutes. Unlike images from 
conventional weather satellites, the picture will be transmitted 
in such a way that it may be readily received and stored by a sim-
ple receiver and displayed on any domestic TV set. The pictures 
will have a resolution of about 2 km and will show 16 grey 
levels, with land features and land/sea boundaries being 
enhanced. Experimental data in graphical form will also be 
available by the same link. 
Once the satellite is in orbit and functioning correctly, the 

University of Surrey plans to make available full details and cir-
cuitry for the necessary ground receiving and display equip-
ment that will enable a domestic TV set to receive these pic-
tures. At present, the intention is that the circuit will be supplied 
by an appointed contractor, and will take the form of an easy-to-
assemble kit of parts costing around £150. 
The speech transmissions will be made by means of an elec-

tronic voice synthesiser controlled by the on-board computer, 
and will include details of telemetry, experimental data and 
satellite operations using a vocabulary of about 150 words. 

Transmissions will be on 145.825 MHz, and any standard un-
modified narrow-band FM amateur receiver should be able to 
receive them by means of a small, fixed pair of crossed dipole 
aerials. 

Experiments For The Scientists 
The satellite will also carry a number of experiments intended 
for scientific research. These include a series of beacons 
transmitting at different frequencies, two particle counters to 
provide information on solar activity and auroral events, and a 
magnetometer — identical to that used on the Voyager mis-
sions to Jupiter and Saturn — for measuring the earth's 
magnetic field. These experiments will make possible a detailed 
study of how phenomena such as solar activity affect the 
transmission of radio signals through the ionosphere. 

On-board Micro Control 
UOSAT will be controlled by a powerful on-board microcom-
puter, based around the RCA CDP 1802 microprocessor, 
which will have access to the satellite experiments, telemetry 
and command systems. It will enable telemetry surveillance, 
command and status management, experiment data storage 
and processing, dissemination of orbital data together with 
operating schedules and general news, and closed-loop at-
titude control using magnetorquers. It has direct high-speed 
data links with the magnetometer and radiation experiments to 
allow rapid data acquisition yielding fine time-resolution data, 
and also has access to the earth imaging experiment memory 
area for the purpose of image processing. 
The computer software is resident in dynamic RAM loaded 

from the ground via the telecommand link, and can be modified 
or replaced during flight by a ground command station at the 

Figure 1. The clean room at the University of Surrey in which 
UOSAT is being assembled. On the left is Steve Greenland and on 
the right is Dr Martin Sweeting, Project Manager 
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first educational & 
University of Surrey. This will enable the accommodation of 
changes in the mission profile and allow for the rectification of 
possible software or hardware failures. 

Launch Date 
UOSAT will be launched as a secondary payload by a NASA 
Delta 2310 rocket from the Western Test Range at 
Vandenberg, California, the main payload being the NASA Solar 
Mesosphere Explorer spacecraft. The launch is currently 
scheduled for September this year, but this may be advanced to 
July depending on the readiness of the NASA rocket and 
prevailing weather conditions. An announcement on this will be 
made as soon as possible. However, whatever the launch date, 
UOSAT will be placed into a polar orbit with a period of 95 
minutes, at a height of 530 km (about 330 miles), and the ex-
pected life before re-entry is estimated at four to five years. 

Data And Transmission Frequencies 
For those who may be interested in establishing their own 
receiving station for UOSAT, the following lists the types of 
data being transmitted and the frequencies of transmission. 

Telemetry 
To cater for a wide range of user ground-station facilities, 60 
analogue telemetry channels and 45 digital status points will be 
available via the VHF (145.825 MHz) and UHF (435.025 MHz) 
data beacons in the following formats: 1200, 600, 300, 110 
and 75 baud ASCII; 45.5 baud RTTY (Baudot); 10 or 20 words 
per minutes Morse code; and synthesised voice. 
Any pair of these formats will be available simultaneously via 

the VHF and UHF data beacons. The 1200 baud telemetry op-
tion also has a CHANNEL DWELL facility. 

Data Beacons 
Two VHF/UHF beacons will provide the primary engineering 
and experiment data links to the outside world, and these have 
been designed to provide a healthy satellite-to-ground 
transmission link to enable reliable and straightforward recep-
tion by the simplest of amateur ground stations using a fixed 
pair of crossed dipole aerials. 
The data sources available to these beacons are: telemetry, 

ASCII, Baudot, Morse code, satellite computer, primary output 
port, secondary output port, speech synthesiser, earth imaging 
experiment (CCD camera), and image data. 
Details of the two beacons are as follows: 

General data beacon — Frequency: 
Modulation: 
Data format: 

Engineering 
data beacon — 

Power output: 

Frequency: 
Modulation: 
Data format: 

Power output: 

Propagation Studies 
Phase-referenced beacons on 7.001, 14.001, 21.001 and 
28.001 MHz will support a wide range of ionospheric ex-
periments and observations, while two microwave beadons on 
2.401 and 10.470 GHz will encourage the study of super high 
frequency (SHF) propagation. 
Two particle radiation counters (one detecting electrons of 

energies greater than 40 keV, and the other detecting protons 
greater than 2 MeV) will provide real-time information on solar 
activity and auroral events. A three-axis, wide-ranging, flux-
gate magnetometer will examine the fine structure of the 
earth's magnetic field, any disturbances to it and their relation-
ship to radio wave propagation. 

145.825 MHz 
CW 
audio frequency shift 
keying 
450 mW 

435.025 MHz 
CW 
audio frequency shift 
keying 
400 mW 

Figure 2. The montage shows (top left) the simple crossed dipole 
aerial for receiving transmissions; (top right) the prototype of the 
equipment which stores and displays picture data; (bottom) the test 
picture used to develop the system 

Education Experiments 
The earth-pointing, CCD two-dimensional array will provide 
land and sea image data for digital transmission via the general 
data beacon, using minimum-shift audio frequency shift keying 
at 1200 bits s line synchronous. The image format is 256 x 
256 pixels with 16 grey levels. The camera optics are organis-
ed to cover a 500 x 500 km area of the earth's surface yielding 
a resolution of around 2 km. 
The digitally synthesised speech experiment module under 

the control of the satellite computer will 'speak' telemetry, ex-
periment data and satellite 'news' with a limited vocabulary of 
around 150 words transmitted on either of the data beacons. 

A Chance To Make Your Mark 
If successful, these experiments should help to overcome the 
difficulties faced by most amateurs trying to enlarge their 
knowledge of space sciences. Any radio amateur will be able to 
use his or her equipment to gain interesting and useful 
knowledge about that area of space surrounding the earth 
which most affects the quality of radio transmissions. 
The potential that exists for radio amateurs to make a con-

tribution to space science will, through the use of UOSAT, be 
comparable with that of amateurs in fields such as astronomy 
and ornithology.  HE 

•The author is Editor of Electrotechnology and of the IEETE Bulletin, Institute of Electrical and Electronics Technician Engineers 
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A cheap and easy-to-build 
project for use wherever you need a good-quality, low-voltage supply 

WE KNO W THAT a bench power 
supply isn't the most original of 
projects, but we are sure that it is one 
of the most useful. 
A good quality, well regulated 

power supply has a place on virtually 
every electronics hobbyist's bench. 
You see dry-cell batteries, while useful 
in self-contained projects, have their 
drawbacks: a limited range of voltages; 
an output which varies with battery 
age; low current; and last but not least 
— their cost. However, a power 
supply, because it is mains-operated, 
doesn't suffer from these drawbacks. 
The HE Variable Bench Power 

Supply is a simple-to-build project using 
a minimum of components to provide 
an output which is an ideal voltage 
source for experiments, most projects, 
or car radios etc — in fact, it can be 
used for any circuit requiring a voltage 
between 1.4 V and 13.5 V and a 
maximum current of 1 A. 
With series resistors the power 

supply can also charge Ni-Cd cells (by 
setting the output voltage to 1 2 V and 
selecting resistor values as shown by 
Table 1). 
Resistor values for other currents 

and combinations of cells can be 
calculated from the formula: 

12 — V, 
R =  - , 

ic 

where V, is the total voltage of the 
cells and I, is the charging current. 
The resistor power rating is given by: 

P = 1, 2 X R. 

After setting up the power supply with 
the resistor and the cells in series, 
simply adjust the power supply output 
voltage to trim the charging current to 
the exact value required. 
Output voltage is fully variable 

within the upper and lower limits via a 

Battery 
or cell 
type 

Current 
12-hour 
charge 

Resistor 
value 

Resistor 
rating 

PP3§ 
PP9 § 
AAA 
AA 
C 
D 

9 mA• 
100 mA 
20 mA 
66 mA 
250 mA 
500 mA 

470R 
39R  
530R 
150R 
39R 
18R 

1/2 W 

1/2 W 
1W 
3W 
6W 

• 17 hour ate 
4 - 8 4 V be terms 

all others  single cells 1 25 V 

Table 1. Values and powers of resistors to 
use in series with the power supply when 
charging Ni-Cd cells 

calibrated control, which also serves as 
an on/off switch. The output current is 
indicated on a panel meter. Ripple (the 

variation in output voltage — greatest 
when the supply is fully loaded) is 
negligible ie, less than 5 mV peak-to-
peak, at full output. 
The heart of the bench power 

supply is a voltage regulator integrated 
circuit LM31 7K — a simple three-
terminal device (input — adjust — 
output) — well tried and tested in 
industry for some years but still 
relatively new to the hobby market-
place. This IC monitors its own output 
current and limits it to 2 A in the event 
of a short circuit, thus avoiding any 
possible damage. 
Two fuses are used — one within 

the mains circuitry, to cover 
transformer failure, and one in the low-
voltage circuitry to give protection in 
the event of a prolonged short circuit. 

Construction 
The first constructional step is the 

marking and drilling of the case. A mild 
steel case similar to that of our 
prototype is recommended to avoid 
electrical interference with equipment 
positioned near the power supply. 
Cut out a round hole in the front 

panel for the panel meter — probably 
the most suitable tool for this is an 
Abraframe hacksaw — alternatively 
you can drill a circle of small holes and 
then file-out the large hole for the 
meter. 
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INSULATING WASHER 

L M317K 

Figure 1. How to mount ICI and its 
heatsink to the case 

Drill and fit the two output terminals 
and the switched potentiometer onto 
the front panel. 
Next, mount the transformer firmly 

to the base of the case not forgetting 
the solder tag for an earth connection. 
Using the heatsink as a drilling guide 

mount the LM31 7K IC and heatsink 
using an insulating kit as shown in 
Fig.1. Remember to put a solder tag 
under one of the IC mounting screws. 
Drill and fit the panel-mounting 

fuseholder and cable clamp to the rear 
panel. 
Now, fix the tag strip, the chassis-

mounting fuseholder and capacitor Cl 
into position. We found that the most 
convenient way to mount the capacitor 
was with a couple of double-sided 
adhesive pads. 
Following Fig.3 wire up the project, 

including diodes D1 to D4, capacitor 
C2 and resistor R1. Remember that the 
unit is mains-powered so be careful 
with all connections (the earth wires 
are particularly important), and sleeve 
or tape all mains connections. 
Finally your power supply is ready to 

test. If you have a multimeter, 
checking the output voltage is 
straightforward. If you haven't got a 
multimeter, then set the output to 
minimum and connect a 1 2 V bulb 
(max 12 WI across the output of the 
supply and check that the bulb 
brightness increases as you turn the 
control clockwise. The scale shown in 
Fig.4 can be marked onto your front 
panel, and should give fairly accurate 
results. 

6 

4 

2 

8 

OFF 

10 

11 
12 

13 

14 

Figure 4. Mark the front panel control with 
this scale to give an accurate indication of 
output voltage 
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NOTE 
Id  1 IS LM317K 
D1  4 ARE 1N5404 

Figure 2. Circuit of the HE Variable Bench Power Supply — it's very simple, because 
the complicated things happen inside IC1 

NEUTRAL IBLUE) 

Figure 3. Wiring and connection details of the project 

MAINS CABLE INPUT 

ICI 

F 05E1-SOLDER 
• ES) 

59 



Project Variable Bench Power Supply • 

How It Works 

There are four basic changes taking place within the HE Variable Bench 
Power Supply: 
• the incoming 240 VAC mains (point A) is reduced to 18 VAC 
(point B) 

• the voltage at point B is changed to a pulsating DC voltage (point C) 
• this pulsating DC voltage is smoothed to that at point D 
• the smoothed voltage is regulated and adjusted to a variable DC 
output. 

Transformer Ti reduces the mains input 
voltage to  18 VAC  Full-wave 
rectification of this AC voltage is 
provided by bridge rectifier D1 to 04, 
and this full-wave rectified DC voltage is 
smoothed by capacitor Cl 

Integrated circuit IC1 compares a 
proportion of the output voltage with an 
internal 1.2 V reference, and then 

SYDO W DC 

allows more or less current to pass in 
order to keep the voltage output 
constant. Adjusting RV1 determines 
how much of the output is compared 
with the reference and therefore 
determines the output voltage. 
Capacitor C2 helps the regulator to give 
an extra smooth output by providing 
extra feedback of ripple voltage 

Parts List 
RESISTOR  (3/4 W, 5%) 
R1  47OR 

CAPACITORS 
C1  2200u, 63 V electrolytic 
C2  10 u, 35 V electrolytic 

SEMICONDUCTORS 
IC1  LM317K voltage regulator 
D1-4  IN5404, 3A diodes 

MISCELLANEOUS 
Ti  240/18 V. 1 A transformer 
FS1  panel mounting fuseholder + 

500 mA fuse 
FS2  chassis fuseholder 4- 2 A 

fuse 
M1  1 A panel meter 
2 x output terminals 
Knob to suit 
Heatsink + mounting kit for ICI 
Case to suit 
Mains cable clamp 
Tagstrip 

Buylines 
A full kit of parts for the HE Variable 
Bench Power Supply is available from 
Magenta Electronics, who advertise in 
HE. The kit will cost £23.35 and is 
complete with case, meter and all parts. 
This price includes VAT. 

Please add 40p to the kit price to 
cover p&p 

DIGEST 

Vol.1 No.1 
Circuit ideas from Electronics Today 
International for experimenters. 

Vol.1 No.2 
30 top projects to build from Electronics Today 

International 
Vol.1 No.3 

100 pages of essential information for the 
electronics and computing enthusiast 

Vol.1 No.4 
30 of the most popular projects 
from the publishers of Hobby 

Electronics 
Vol.2 No.1 

Safeguard your home with this security electronics 
special featuring projects to build and explanatory 
articles. Free inside — Photo Digest, a 32 page 

magazine for the technically minded 
photographer. 

L r .4..10-  . 1,:!'• t 1 

3 2 

'44  F  ."" •  ' "*". ',mos 
•  "' S .?. . . 

••• 

Catch up on Electronics Digest 
back issues. 

Send your cheque or PO (made 
payable to Modmags Ltd) for£  
1.75 per issue, including post and 

packing. 

Backnumbers, 
Electronics Digest, 

145 Charing Cross Road, 
London WC2H OEE. 
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New project?. 
If you're about to start on a new project, you're no 
doubt looking for the right enclosure. With around 
1,000 different cases and 250,000 case parts 
currently in stock, we must be your number one 
choice. Why not send for our free catalogue. 

Specify West Hyde-
we've a good case for it! 
W EST H YDE   
West Hyde Developments Limited 
Unit 9, Park Street Industrial Estate, Aylesbury, Bucks. 

Telephone: (0296) 20441. Telex: 83570 W HYDE G. 

.7 

HOBBY ELECTRONICS 
April 1980  Hobby Corn 
May 1980  Mini Clock 
July 1980  Car Power Booster 
August 1980  Car Eguitone Control 

Radio Timer 
Sept. 1980  Reaction Timer 
Nov. 1980  Mini Synth 
January 1981  Nicad Charger 
March 1981  PA Amplifier 

Bicycle Speedo 
Steam Loco Whistle 

May 1981  Voice Operated Switch 

PRO CTB 1 
BOC 706B 
ACE 100K 
ACE 100K 
SAM 001 
BOC 708 
TEK 364 

SAM 001 
ACE 100K 
BOC 430G 
SAM 006 
SAM 002 

Written or telephone orders accepted from Access 

and Barclaycard holders. 

MULLARD MODULES 
LP1171  LP1179 
IF. Strip.  AM FM 
Pair £5 75 FRONT END 

LP1186 
VARICAP 

15.00 

ULTRASONIC TRANSDUCERS 
40KC/S 
Complete on  18in  screened cable 
f 1 75 ea Pairs 12 95 

LP1157 

MED. & LONG TUNER 12 50 
Complete with Data 

FOSTER DYNAMIC MICROPHONES 
200 ohm impedence 
Moving coil 11 75 pair 
Complete on chassis 

ULTRASONIC TRANSMITTER 
Complete unit luncased requires 1 5VI 
13 25 

STEREO CASSETTE TAPE HEADS 
Quality  replacement  for  most  re-
corders with mounting plate. Record/ 
Replay. 12.80. 

HEWLETT-PACKARD DISPLAYS 
Half-inch red common anode. Definitely the brightest will 
replace (D1.707). 
15082-7650) high efficiency and very bright 
Excellent character appearance, evenly lighted segments, 
wide viewing angle, body colour improves 'Off segment 
contrast Categorized for luminous intensity, use of like 
categories yields a uniform display Consumption as low as 
3mA per segment, designed for multiplex operation Stan-
dard 14-pin dual-in-line package configuration  SETS OF 6 

Less than half current manufacturer's price. ONLY £1 EA. FOR £5 

VERO COMPUTER FRAMES  NATIONAL 4116 Dynamic 116K RAM) 
19 or 8in. with 64 runners and guides  1 200 N/seconds £1.50 
List price 143. Our price 117.95  Less 10'.per 4 15°0 per 8 

All items new stock  delivery by return post All 
Items inclusive of VAT and post paid Quantity 
discounts. 15% per 10.20% per 50 

High •nt"onsHiNa" £Inonliten+1 sie:),Is.?? Y 
£350 Common anode la Pm Oil 
package 

SCOOP 
ONLY 

£29.95 
•VAT 
BRITISH MADE 

• 52 KEY 7BIT 
ASCII CODED 
• POSITIVE STROBE 
•5V  12V 
• FULL ASCII 
CHARACTERS 
• PARALLEL OUTPUT 
WITH STROBE 
• POWER LIGHT ON 
CONTROL 
• CHIP BY GENERAL 
INSTRUMENT iG II 
HE OUTPUT 
• SUPERBLY MADE 
SIZE 1385 5 x 

1 5 ins 

Professional ASCII Keyboards 

The 'CHERRY' Computer Keyboard 
• BLACK KEYS WITH  Ideal for use with TANGERINE. 
WHITE LEDGE NS  TRITON. TUSCAN. APPLE and most 
• ESCAPE SHIt T  computers. Ex Stock from HENRYS 
RETURN & RESET 
KEYS 
' CONTROL REPEAT 
& BELL 
Complete with DATA , 

HENR YS 

This is delinitelv ffie BEST BUY I l8( 
GUARANTIED Supplied BRAND NEW in 
',tenure, 111IP II iqtnai earkone Just posI 
,ninorr.inr e  9, '41 5 Post, 

404 Edgware Road 
London, W2, England 

01-723 1008 __-! , 

POWERFET AMPLIFIERS * 
Conservatively rated, high quality 

designs with substantial 
hestsink / mounting bracket 

VAT inc prices  post & packing 75P 

on P F A orders 
CA 30608 
CA3140E 
MC3401 
TLOEIr 
T1082 
2102 
2114 
400IEI 
40118 
40138 
40168 
555 
709 
710 
733 
741 
18105 
78112 

70p 
46p 
30p 
259 
560 
60p 
240p 
17p 
17p 
40p 
40p 
26p 
lap 
26p 
50p 
lap 
259 
21Ip 

PFA 80 
80w into 80 
THD<0 008% 
S N 120d8 
Kit £13.95 
Built £15.95 

PFA 120 
120w onto 20 
THD <0 005% 
SiN 120dB. 
Kit £20.85 
Built £22.85 

POWERFETS 
130512160v l'rrA Pctt.ni  90P 
80522160y I 0,0 Nchan I  OSp 
VN67AS (60v 2A Nchan I  80p 
25J49 (140v 100w eche" i 340. 
251(134 (140v 100••• Nchan i 340p 

HI-Fl ON TWO CHIPS 
HA 12017 Iltroanip 0 001% distor-
tion 83d8 S N fl phono apPlication I 
80p. 
HAI 191 iPowerwho 20 walls ,e 8. 
0 02 • distort.- mph 1859. 
Both with data and circuits 

SCOPE TRACE DOUBLER P.C.B. 
Sir C W shirt. than select ch0-
ware controls and •nstructions use 
fui d.splay from DC to 10MHE Runs 
horn 9V battery E9.95 

•  13811 £1.95. Heatsink tor above 
40p. 

H E. PUBUC ADDRESS AMPLIFIER. 
Component set includtng H A 1388 
and super low noise -nod, Iran 
sistor (Excludes. re.,  1,,,• .1. 
cOntruls1 

J. W. RIMME 
VIP 35p Mad occters.to 148 
Uuarry Street. Liverpool L25 
6H0. Tel 051 428 2651. 

Technical enquir es to 367 Green Lanes, Londos N4 1DV Tel 01-800 6667, 

OHIO  SCIENTIFIC  COMPUTERS 
Superboard 3 poa. Power supply kit 
£1.95. Modulator £3.50. Guard band kit 
£10.  4K  extra  ram  110.80.  Wemon 
£19.95. Cegmon £22.50. Case £27. Cas-
sette recorder £19. Assembler/editor 
£25. Word processor £10. Display expan 
sion kit 30 lines x 54 characters for 
superboard, 2 only £14. 610 expansion 
board poa. Mindloppy disc drive poa. 
Colour board £65. Where our prices are 
particularly low we have not printed 
them to avoid offending sensitive com• 
petdors. 
PRINTERS supplied with free interface 
and word processor for Superboard and 
UK101  Seikosha GP80A £199. Epson 
MX70 £259. Epson MX8OFT £399. OKI 
Microline 80 £299. 
•SINCLAIR PRODUCTS only are post 
free sc110 oscilloscope £158.95. adap-
tor £4, rechargeable batteries £7.95, x1 
probe £8.05, .10 probe £8.86. carry case 
£8.80. TM352 £54.95. TM354 £45.95. 
PFM200 £57.27, adaptor £4, case £1.73. 
connector kit £11.27. PDM35 £32.95, 
adaptor £4, case £1.73. drn235 £60.38, 
dm350 £87 38. r1 01450 £113.85, adaptor 

£4.  8 80, rechargeable bans £7 95. 
Micro, .  to £69, adaptor £6.95. 
VIDEO GENIE COMPUTERS £289. 
MEMORIES 2114 450ns £1.35.  4116 
200ns £1.99. All low current 
'BATTERY ELIMINATOR KITS 100ma 
radio types with press studs 9v £1.79. 
9- 9v £2.50.  Stabilised 8 way  types 
3/4 5,6,7 5'9,12'15/18v 100ma £3.12, 1 
Amp £8.50. Stabilised power kits 2 18v 
100ma £3.12, 1 30v IA £8.50, 1 30V 2A 
£15.30. TTL and computer suppiies Sc 
stabilised 1 5A £9, 3A £14, 6A £22. 12v 
car convertor 6;7 5/9v IA £1.62. 
'BATTERY ELIMINATORS 3 way type 
6/7 5/9v 300ma £3.50. 100m, radio types 
with press studs 9v £4.95. 9 • 9v £6.25 
Car convertor 1 2v Input. Out 1,1 
4 5,6/7 5/9v 800ma £3.04. 
•TV GAMES AT 3 8600  kit £l2 98 A\ 
3-8,5/I  k £9 26 

SWANLEY ELECTRONICS 
Dept  HE, 32 Goldsel Road. SwarileY 
Kent BR8 8EZ Tel Swanley 64851 

Postage k 3 50 un superboard 14 50 on in.ur..r.. 
and 45p on other orders Lists 27o,t,S1 trer, 
Pease add VAT except to sectons oidrSert wit, 
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• Feature 

Breaker 
One 
Four 

The publishers of HOBBY ELECTRONICS would like to point out that it is 
at present a contravention of the Wireless Telegraphy Act of 1949 and 
1968 to use, manufacture, install or import CB transmitting equipment. 
It is not the intention of Modmags Ltd to incite, encourage or condone the 
use of such equipment. 

Rigs coming down in price and interest 
growing in the UHF band: Rick Maybury 
gives the latest news on CB 
I WAS HOPING to tell you all about a meeting between the 
Home Office and the CB lobbyists this month, but what with 
one thing and another and our very tight production schedule 
this just cannot be. However, all is not lost, there's no shortage 
of news this month. On the rig scene the prices just keep tumbl-
ing. To date the cheapest rig we have heard of will cost under 
£40 retail — if things keep up they'll be giving them away in 
cornflakes packets soon! 
At last we have a manufacturer who will be building rigs in 

this country, and what's more, the retail price is expected to be 
under £50. We've seen some early prototypes and I can report 
that if the finished version looks and performs anything like the 
ones we've seen then the Japs had better look out! 
I've also come across a couple of UK companies whicl are 

looking seriously at the 934 MHz CB band. At least one 
manufacturer is (at the time of writing) into the early prototype 

stage and first reports seem very favourable. However, this par-
ticular frequency is not really good for mobile work. On the 
other hand, it would be ideal for line of sight communication and 
I can see a promising future for business users wishing to com-
municate between buildings. As this frequency allows for 
higher power than 27 MHz and there is no apparent restriction 
on antennas, I can foresee parabolic dish antennas springing up 
all over the place. And here's another thought: the high frequen-
cy and fairly wide bandwidth would permit a reasonable picture 
to be transmitted over fairly large distances using slow scan 
techniques. Do I hear any offers for video CB? 

Recent Accessories 
Back to good old 27 MHz now. We have been literally inundated 
with new CB accessories lately. Some are good, many are 
dreadful but out of the morass a couple have really shone. 
The first is an antenna, and it comes from none other than 

Philips — that's right, Philips the TV people. It doesn't half work 
well, and we'll be featuring a full review of it in a future issue of 
Citizens' Band magazine, so look out for it. 
The second accessory worthy of note is a new antenna 

system that comes from Wintjoy. The system comprises a 
rather strange looking spider connector that will take a variety 
of different elements. Strangest of the lot is a combination 
made up of an aluminium rod for the main radiating element and 
three rubber ducky antennas acting as groundplane. We've 
never seen anything like it. Anyway, a number of different com-
binations are possible, enough in fact to suit virtually any kind of 
set-up, from mobile to base including, by the way, a marine op-
tion — very ingenious. 

CB On A Plate 
Well, that's about the lot for this month. Just time for a quick 
mention of London's first CB restaurant which')) be opening 
about the time you read this. It's called the Eyeball Bistro Club 
and can be found in Princes Street, near Oxford Circus. Lots of 
CB-flavoured food, cheap prices, and rigs on show land, later in 
the year, in use). 
I'm off now for Home Office Special, followed by Eyeball 

Chops, French Fire Stiks and Half Wave Platter. Catch you all 
next month! Now, where's my knife and fork? 

HE 

PCB Foil 
Patterns 
•ket:7 
,t1,11K/a 

PCB foil pattern of the HE RPM Meter 

ablr)u LL,L4.1.0. 
HE Thermometer PCB foil pattern 

HE 
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Have you heard about CB? 
Citizens' Band radio is to 
be legalised this Autumn; 

yes, that's right, our very own 
personal two-way radio system 
that can be used in the car, the 
home — anywhere. As you can 
imagine, CB will be a real boon 
to the motorist, the housebound, 
those who go for outdoor 
activities — and don't forget that 
CB can save lives! 

With all this in mind Citizens' 
Band magazine, the country's 
leading CB publication, will be 
holding a major CB exhibition 
in September, timed as closely 
as possible to coincide with 
legalisation. If you want to know 
more about CB, or you are a 
CBer, come along to the Royal 
Horticultural Hall on 11th, 12th, 
13th September and see 
Britain's biggest ever CB show. 

There will be stands and exhibits from many of the country's leading CB accessory 
dealers plus, for the first time ever, working examples of the new legal rigs that will be 
on sale this Autumn. That's right, a number of manufacturers and importers will be on 

hand to show the new CB equipment that almost anyone can buy and use. 

There's something for everyone, CBers old and new. The latest accessories and 
antennas, gadgets — in fact everything connected with CB including the new 

equipment. 

Come along in September and see what CB can do for you. Even if you've never heard 
of CB, you soon will, so don't miss out — whether you're a motorist or a small 
businessman with an eye to the future, CB is for you! CB is the future of two-way 

communications . . . . 

BRITAIN'S FIRST ROYAL HORTICULTURAL 
NATIONAL vsgcCEINETTSYQIIJIAARLEL: 

LONDON SW1 CB S H O W!  (SEPTEMBER llth —13th INCLUSIVE) 

WHY QUEUE? ORDER YOUR TICKETS NOW FROM:-

Advance Tickets CB81 
Modmags Ltd. 145 Charing Cross Road, 

London WC2H OEE. 

Please send   tickets a £2.00 
  tickets @ £1.00 (OAP or child under 10 yrs) 

To 

LI enclose PO / cheque for 

This is the BIG ONE for 
breakers. Whether you're a 
confirmed fanatic or an 
interested beginner, this is the 
place to be in September! 

OPENING TIMES 

Friday  11th Sept  10am-7pm 
Saturday  12th Sept  10am-6pm 
Sunday  13th Sept  10am-4pm 



Books from the HE Book Service 
SPECIAL OFFER TO READERS 
OF HOBBY ELECTRONICS 
ONLY 
ELEMENTS OF ELECTRONICS 
Book I  £2 60 
Book II  £2 60 
Book III  £2 60 
Usual price is £7 80 Inc post and 
packing for 3 volume set OUR 
PRICE £7 00 + FREE slip case for 3 
volumes 4 FREE Resistor Colour 
Code Disc 

28 TESTED TRANSISTOR PRO-
JECTS by R. Torrens  £1.50 
The author has designed developed 
and built some completely new 
CD-Cults 

BEGINNERS  GUIDE  TO 
BUILDING ELECTRONIC PRO-
JECTS by R. A. Penf old  £1.50 
Enables the complete beginner to 
tackle the practical side of elec-
tronics 

ESSENTIAL THEORY FOR THE 
ELECTRONICS HOBBYIST by 
G. T. Rabaroe    £1.50 
Supplies the hobbyist with a back 
ground knowledge 
50 PROJECTS USING RELAYS, 
SCR'S & TRIACS by F. G. 
Royer    £1.50 
Gives tried and practical working 
circuits which should present the 
minimum of difficulty for the en-
thusiast to construct 

POPULAR ELECTRONICS BOOKS 

Sinclair I R Introducing Elec-
tronic Systems    £3.10 
Sinclair I R Introducing Amateur 
Electronics    £3.10 
Sinclair I R., Electronic Fault 
Diagnosis    £4.00 
Sinclair L R., Repairing Pocket 
Transistor Radios  £2.90 
Sinclair. I R Oscilloscope In Use 

£4.00 
Sinclair, I. R.. Understanding Elec-
tronic Components  £5.10 
Sinclair, I R Understanding Elec-
tronic Circuits  . £5.10 
Kitchen, H T Handtools For Elec-
tronic Workshop  £3.25 
Kitchen, H. T., Electronic Test 
Equipment    £6.20 
Capel. V., How To Build Electronic 
Kits    £3.25 
Darr J . How to test almost every-
thing electronic  .  £3.75 
Brown, R M  How to read elec-
tronic circuit diagrams  £5.60 

AUDIO 
Earl, J Audio Technicians Bench 
Manual    £5.00 
earl, J.. Pickups and Loudspeakers 

£5.00 
Earl, J., Tuners and Amplifiers 

£4.00 
Earl, J., Cassette Tape Recorders 

£6.00 
Earl. J . ABC of Hi-Fi  £6.00 
Cape'. V., Microphones in Action 

£6.00 

HO W TO BUILD YOUR OWN 
METAL  AND  TREASURE 
LOCATORS by F. G. Rayer 
  £1.25 

Contains complete electronic and 
practical details on the simple and 
inexpensive construction of Hetero-
dyne Metal Locators 

HO W TO  MAKE WALKIE-
TALKIES by F. G Rayer  El .75 
IC555 PROJECTS by E. A. Parr 
  £2.00 

Included in this book are Basic and 
General Circuits. Motor Car and 
Model Railway Circuits. Alarms and 
Noise Makers as well as a section on 
the 556, 558 and 559 timers 

PRACTICAL  ELECTRONIC 
CALCULATIONS AND FORMU-
LAE by F. A. Wilson  ... £2.50 
Units and Constants, Direct Current 
Circuits, Passive Components 
Alternating Current Circuits, Net-
. works and Theorems. Measure 
ments 

ELECTRONIC SECURITY DE-
VICES by R. A. Penfold  £1.70 
Includes both simple and more 
sophisticated burglar alarm circuits 
using light, infra-red and ultrasonics 
gas and smoke detectors, flood 
alarms doorphone and baby alarms. 
etc 

ELECTRONIC PROJECTS FOR 
BEGINNERS by F. G. Rayer  . 
  £1.6 0 

A newcomer to electronics finds a 
wide range of easily made projects 

POPULAR ELECTRONIC PRO-
JECTS by R. A. Penfold  £1.70 
Radio Projects, Audio Projects 
Household Projects and Test Equip-
ment 

HO W TO BUILD YOUR OWN 
SOLID STATE OSCILLOSCOPE 
by F. G. Royer    £1.75 
Enables the enthusiast to simply 
and inexpensively build his own 
oscilloscope 

ELECTRONIC GAMES by R. A. 
Penfold    £2.00 
In this book the author has designed 
and developed a number of interes-
ting electronic game projects using 
modern integrated circuits 

COUNTER  DRIVER  AND 
NU MERAL DISPLAY  PRO-
JECTS by F. G. Royer  .. £2.00 
Author discusses and features many 
applications and projects using 
various types of numeral displays, 
popular counter and driver IC's etc 

Cape!, V Improving Your Hi-Fi 
£5.00 

Cape!, V Creative Tape Recording 
£5.00 

Hellyer, H. W.. Tape Recorders 
  £5.00 

Sinclair. I R Audio Amplifiers For 
Home Construction  .  £8.00 

RADIO CONTROL 
Drake  Radio Controlled 
Helicopter Models  £4.95 
Jeffries. C R Radio Control For 
Model Yachts  .  £3.85 
Safford E L.. Radio Control Manual 

£5.50 

COOKBOOKS 
Tracton, K.. BASIC Cookbook 

£4.10 
Lancaster. D., TTL Cookbook 

£7.55 
Lancaster, D RTL Cookbook 

£4.65 
Lancaster. D.. CMOS Cookbook 

£6.20 
Jong, W, IC Op Amp Cookbook 

£10.70 
Lancaster. D , T V Typewriter 
Cookbook  £7.75 
Lancaster,  . Cheap Video Cook-
book  £6.50 
Jong. W , IC Timer Cookbook 

£7.85 
Lancaster, D., Incredible Secret 
Money Machine (a how to cook 
book for setting up your computer 
or technical business)  £4.95 

QUESTIONS AND ANSWERS 

SIMPLE AND CONCISE ANSWERS 
TO MANY QUESTIONS WHICH 
PUZZLE THE BEGINNER 
Coker, A. J, Q & A On Electric 
Motors    £2.50 
Hellyer, H., a & A On Radios and 
T V    £2.50 
Hibberd, R  & A On Integrated 
Circuits    £2.50 
Jackson. K , 0 & A On Electricity 

  £2.50 
Brown, C 0 & A On Hi-Fi  £22."5500 
Brown, C Q & A On Transistors 

  £2.50 
Brown, C Q & A On Electronics 

  £2.50 
Reddihough, J., 0 & A On Colour 
T V  £2.50 
Miller, H 0 & A On Electric Wiring 

  £2.50 

CONSTRUCTOR GUIDES 
Graham P Simple Circuit Building 

  £3.40 
Colwell. M., Electronic Diagrams 

  £3.40 
Colwell. M . Electronic Components 

  £3.40 
Colwell. M., Printed Circuit Assem-
bly    £3.40 
Sirislee, A., Practical Electronic 
Project Building  .  £3.40 
Colwell. M., Project Planning and 
Building  £3.40 

BEGINNER'S GUIDE 
Sinclair I R Beginner s Guide To 
Tape ReLording  £4.25 

BEGINNERS  GUIDE  TO 
MICROPROCESSORS AND 
COMPUTING by E. F. Scott  . 
  £2.00 

Introduction to the basic theory and 
concepts of binary arithmetic 
microprocessor operation and 
machine language programming 

ELECTRONIC HOUSEHOLD 
PROJECTS by R. A. Penfold  . 
  £2.00 

Circuits range from such things as 
2 tone door buzzer  Intercom 
through Smoke or Gas Detectors to 
Baby and Freezer Alarms 

A  MICROPROCESSOR 
PRIMER by E. A. Parr  . £2.00 
A newcomer to electronics tends to 
be overwhelmed when first con-
fronted with articles or books on 
microprocessors This small book 
will start by designing a simple 
computer and because of its sim-
plicity and logical structure the 
language is hopefully easy to learn 
and understand 

50 CIRCUITS USING 7400 
SERIES IC'S by R. N. Soar  .. 
  £1.65 

The author has compiled 50 in-
teresting and useful circuits and 
applications covering different 
aspects of electronics using these 
devices 

Sinclair, I R Beginner's Guide To 
Integrated Circuits  £4.25 
Sinclair, I. R., Beginner's Guide to 
Audio    £4.25 
King, G. J., Beginner's Guide To 
Radio    £4.25 
King, G J., Beginner's Guide To 
Television    £4.25 
King, G J. Beginner's Guide To 
Colour T V.    £4.25 
Guilou. F., Beginner's Guide To 
Electric Wiring    £4.25 

PROJECT BOOKS 

Marston, R. M.. 110 Cosmos 
Digital IC Projects For The Home 
Constructor    £4.95 
Marston, R. M., 110 Wave Form 
Projects For The Home Constructor 
  £4.95 

Marston. R M , 110 Op Amp Pro-
jects For The Home Constructor 

  £4.95 
Marston. R M. 110 Semiconductor 
Projects For The Home Constructor 

£4.95 
Marston, R M., 110 Thyristor, 
SCR Projects For The Home Con 
structor  £4.95 
Marston. R M  110 Electronic 
Alarm Projects For The Home Con-
structor    £4.95 
Marston, R M., 110 Integrated 
Circuits Projects For The Home 
Constructor  £4.95 
Marston, R M . 20 Solid State 
Projects For The Car and Garage 

£4.95 
Marston. R M , 20 Solid State 
Projects For The Home  £4.95 

Note that all prices include postage and packing. Please make cheques, etc. payable to Hobby Electronics Book Service (in sterling only 
please) and send to. 

Hobby Electronics Book Service 
Nlodmags Ltd 
145 Charing Cross Road 
London W C2H OEE 

*Prices may be subject to change without notice 
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ETI RATES 
1-4 Insertions £9.00 per scc 
5-11 Insertions £8.00 per scc 
12+ Insertions £7.00 per scc 
30p per word (min 12 words) 
Box No. £2.00 
Closing date let Friday in month preceding 
publication. 

Classified 

Advertisements are accepted subject 

22[ITOIDicQ 
HE RATES 

1-3 Insertions £5.00 per scc 
4-11 Insertions £4.50 per scc 
12+ Insertions £4.00 per scc 
18p per word (min 15 words) 
Box No. £1.50 
Closing date 2nd Friday in month preceding 
publication. 

Advertisements must be prepaid.  • 

to the terms and conditions printed on the advertisement 

11/4 4111. 111111111 1  rate card (available on request) 

SEND TO:- ETI/HE CLASSIFIED, 145, CHARING CROSS ROAD, LONDON WC2H OEE. TEL: 01-437 1002 Ext. 50. 

COMPONENT PACKS. 100 mixed capaci-
tors 75p. 150 pre-formed resistors 75p. 
100 Disc ceramic capacitors 85p. Add 25p 
P.&P. Illustrated catalogues 45p+. - 
S.a.e. J. E. Harris, 9 Ivybridge, Brox-
bourne, Herts. EN10 7LH. 

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 55p. Clear 
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. 

WANTED. Electronic components and 
test equipment. Good prices given. Q Ser-
vices, 29 Lawford Crescent, Yately (0252) 
871048, Camberley, Surrey. 

CENTURION BURGLAR ALARM EQUIP-
MENT. Send s.a.e. for free list or a che-
que/p.o. for £5.95 for our special offer of a 
full-sized decoy bell cover. To: Centurion, 
Dept. ETI, 265 Wakefield Road, 
Huddersfield, West Yorkshire. Access and 
Barclaycard. Telephone orders 0484 
35527. 

BATTERY ELIMINATORS, 8V/500mA, 
£12; 5V/3A E33; 5V/1A £19. Carriage £2/ 
unit.  Petron Electronics, Dept.  H,  1 
Courtlands Road, Newton Abbot, Devon. 

ZX80 & ZX81. Join ZX guaranteed. All 
games/programs guaranteed to work. £5 
year.  Frustrated  National  ZX80 club 
people are welcome. - Bobker, 29 Chad-
derton Drive, Unsworth, Bury, Lancs. 

rIf it's a case of m aking your project look good, then use one of ours. 

Simply send a S A E for 
Details and prices,  - _ 

TrI A CI E  E N O Ui RI E S 

iN VI T E O 

H. M. ELECTRONICS 
271a/275a Fulwood Road. 

Broomhili 
Sheffield S 10 380 

SHARP POCKET COMPUTERS 
CE 122 Printer/Cassette Interface   £63 75 

PC1211 Pocket Computer    £91 9S 

CE 121 Cassette Interface    £13.80 

Free Papermate Pen with all orders. All prices  
Jude 15% V.A.T. and U.K. delivery. 

ELKAN ELECTRONICS, 28 Bury New Road 
Prestwich, Manchester, M25 BID 

100 MIXED DIODES Et 1920s onward 
items. Lists 25p S.A.E. Sole Electronics, 
HE, 37, Stanley Street, Ormskirk, Lancs. 

BRITISH INSTITUTE 
OF 

RECORDED SOUND 

Temporary Audio 

Engineering Assistant 

Wanted 
Previous experience not essential but 
keen interest in electronics and ability 
to wield a soldering iron required. 
Up to £2.50 per hour for right appli-
cant. 
For further details please contact the 
Engineer at B.I.R.S. 

01-589 6603 

FREE FREE FREE 
parking for 4,000 cars at the 

SUSSEX MOBILE 
RALLY 

Brighton Raceg round 

JULY 19, 1981 
10.30 to 6 p.m. 

All the usual traders exhibit-
ing. Many attractions for all 

the family. 

RADIATION 
DETECTORS 
BE PREPARED 

VIEW THRU LENS P 

in THIS DOSIMETER 
WILL AUTOMATICALLY DETECT 
GAMMA AND X-RAYS 

• UNIT IS SIZE OF FOUNTAIN 
PEN 6 CLIPS ONTO TOP POCKET 

IR PRECISION INSTRUMENT 
METAL CASED WEIGHT 201 

• MANUFACTURERS CURRENT 
PRICE OF A SIMILAR 
MODEL OVER £25 EACH 

British design & manufacture 
Tested &fully guaranteed 
Ex-stock delivery 

S lit 

16-95 inc vAT 

Post A. Pack 60p 

Ideal for the experimenter 

COMPLETE WITH DATA 

1 
111 

NENRy5, : 
404 EDGWARE ROAD LONDON W2 lED 

NCR 399 COMPUTER, working order, 
maintained by NCR during only five 
years' use. Useful for parts which include 
standard cassette head, electric motors, 
golf-ball printer, many ICs, diodes, LEDs, 
resistors, transistors, etc. Offers to RAY 
on ERITH 49018. 

A-LEVEL Electronic Systems. Details of 
two-year F.T. course plus full range of A-
Levels at South East London School. Tel. 
692 1803. 

OSCILLOSCOPE  incorporating  signal 
generator and p.s.u. as new, £150 o.n.o. 
- Tel. (0908) 510272, after 4.30 p.m. 

GUITAR/PA 
MUSIC AMPLIFIERS 

100 watt superb treblebass overdrive. 12 months guar-
antee Unbeatable at £50, 60 wan £44. 200 wan £68; 100 
watt twin channel sep treble/bass per channel £85, 60 wan 
£52, 200 watt £78, 100 watt four-channel sep treble/bass 
per channel E75; 290 wan £98, slaves 100 wan £34, 200 watt 
£60. 250 watt £70; 500 watt £140. fuzz boxes, great sound, 
£12; bass fuzz £12,90; overdriver fuzz with treble and bass 
boosters, £22; 100 watt combo, superb sound. overdrive. 
sturdy construction, castors, unbeatable. £98; twin channel. 
£115; bass combo £118; speakers Thin 100 watt £36; 12in 
100 watt £24; 60 watt £16, microphone shure unidyn B £25. 
3-channel sound/light £26 
Send cheaue P 0 to WI WAMSON AMPLIFICATION 

62 Therecliffe A   Duitinfield. Cheshire. Tel. 061-308 2064 
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BARGAINS FOR THE ELEC-

TRONIC HANDY M AN 
BRAN DED L.E. D. DI GIT AL 

ALAR M CLOCKS 

78.1\.411,  

Returned to Service 
Department within 
guarantee period 
1 With alarm repeat SRSP of L17 00 Offered ,i• 
£3.95, inc VAT or 3 for £9.95. inc VAT 

2 With luxury lamp and repeat alarm  SPs 
£31 00 Offered at £7.115 Inc VAT each or 3 t. 
£19.915 inc VAT 

These will be sold as received from our customers *11 
the existing fault(s) and without guarantee 

U K only 
Discounts available on large bulk purchase 

PRESCOTT CLOCK & WATCH CO. 
LTD. 

PRESCOTT HOUSE. HUMBER ROAD, LONDON 
NW2 6ER 

HAVE YOU SEEN THE GREEN CAT? 
1000s of components (C.B., Radio & Electronic). 
Aerials, Plugs, SWR Meters & Accessories, Audio, 
Hi-Fi,  Experimental  devices.  In fact  anything 
electronic at unbelievably low prices. Something 
for everyone. Send 25p stamps, cheque, P.O., and 
RECEIVE FREE GIFT. 
MYERS (Dept. HE), 14/16 Clifton Grove, Harehills, 
Leeds 9. Mail Order Only 

MAIL ORDER PROTECTION SCHEME 
it you order goods from mail order advertisers in 
this magazine and pay by post in advance of de-
livery, this publication Hobby Electronics will con-
sider your for compensation if the advertiser 
should become insolvent or bankrupt, provided: 

1 YOu have not received the goods or had your 
money returned; and 
2 You write to the publisher of this publication 
Hobby Electronics explaining the position not 
earlier than 28 days from the day you sent your 
order and not later than 2 months from that day 

Please do not wait until the last moment to ,t' 
form us. When you write, we will tell you how to 
make your claim and what evidence of payment 
is required. 
We guarantee to meet claims from readers 
made in accordance with the above procedure 
as soon as possible after the advertiser has been 
declared bankrupt or insolvent to a limit of 
£1.800 per annum for any one advertiser so 
affected and up to £5,400 p.a in respect of all 
insolvent advertisers. Claims may be paid for 
higher amounts, or when the above procedures 
has not been complied with, at the discretion of 
this publication Hobby Electronics, but we do 
not guarantee to do so in view of the need to set 
some limit to this commitment and to learn 
quickly of readers' difficulties. 
his guarantee covers only advance payme— 
sent in direct response to an advertisement • 
this magazine (not, for example, paymep, 
made in response to catalogues, etc. received 
a result of answering such advertisements , 
Classified advertisements are excluded 

IAANDrN 
NOT SURPLUS 
BARGAIN PACKS 

10 7400 El, 10 BC183L El, 10BC213L El, 2 * 
7805E1. Prices include V.A.T. Postage 25p. 
C. W.O. to: Micro Musical Ltd., The Old  * 
Vicarage, 37 Wood Lane, Shaton. Coven 
try, CV? 9LA 

ENJOY subsidising component retailers' 
excessive overheads? No need: S.A.E. 
lists. RKS Electronics, 13h Queens Ter-
race, Sherborne, Dorset. 

RECHARGEABLE 
BATTERIES 

PRIVATE OR TRADE ENQUIRIES WELCO ME 
FULL RANGE AVAILABLE S A E FOR LISTS 

45 for Booklet  Nickel Cadmium Power 
plus Catalogue 'New range of sealed lead now 
available  Write or call Sandwell Plant Ltd  2 
Union Drive  BOLD MERE, SUTTON COL 
DFIELD WEST MIDLANDS 021-354 9764 

CLEARANCE SALE 
of new precision components, mixed value packs 
A. 120 Resistors, B. 50 Polycaps, C. 30 Elect. Caps. 
D. 10x74 Series ICs, E. 2047, 95p per pack. P&P 
25p. send POs for immediate dispatch. Omond, 14 
Walker Drive, South Oueensferry, West Lothian. 
Scotland. 

CLOSE ENCOUNTERS GROUP. Personal 
introductions/dances, parties, talks, social 
events. Meet interesting attractive 
people. All areas. Tel. 01-278 0203/051-
931 2844. 

TELEPHONE  ANS WERING  MACHINE. 
Build your own for under £10 plus any 
cassette recorder. Send £3 for circuit and 
plans. S. D. Cross, 24 Thorney Road, 
Streetly, Sutton Coldfield, West Mid-
lands. 

ZX81 GAMES. Six super games on cas-
sette, £ (plus additional free game and 
other info.) or SAE list/details. Bobker, 29 
Chadderton Drive, Unsworth, Bury, 
Lancs. 

ADVERTISEMENT INDEX 
Akhter Instruments   
Ambit International   
Arrow Audio Centre   
Bi-Pak Semiconductors   
B.N.R.S.   
J. Bull (Electrical)   
Circolec   
David George Sales   
E.D.A   
Electronize Design   
Henry's Radio 
ICS 
ILP 
Magenta Electronics   
Maplin 
Marshal's   
NIC Models 
Parndon Electronics   
PATH. Electronics   
Precison Petite   
T. Powell 
J. W. Rimmer   
Selray Book Co   
Silica Shop   
Swanley Electronics   
Technomatic   
Tempus 
TK Electronics   
Two + One Components   
Watford Electronics   
West Hyde Developments   
WETAB, Wallden Trading AB 

32 
2 
38 
41 
55 
22 
37 
25 
37 
38 

 40 & 61 
 40 
 4 & 5 

44 & 45 
 68 

38 
 37 

40 
25 
34 

 46 
61 
27 
67 
61 
14 

 30 
34 
34 
9 
61 
27 

ELECTRIFY YOUR SALES! • CLASSIFIED ADVERTISEMENT 

i1 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 (left indicating which magazine you require 
Or telephone for more information 

Name   

Address   

Tel. No. (Day)   

Send, together with your cheque to 
Jenny Naraine, ETI/HE, 
145 Charing Cross Rd., London WC2H OEE 
Tel 01-437 1002 Ext. 50. 
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ELECTRONIC GAMES 
COLOUR CARTRIDGE 

.V. GAME 

. 

SEMI-PROGRAMMABLE TV GAME 
• 4 Cartridges • Mains 
Adaptor 
Normal Price /73 
NO W REDUCED TO  vet 

M t, DA  BA  T.V. GAME 

FULLY PROGRAMMABLE 
CARTRIDGE TV GAME 
14 Cartridges available 
Normal Price /87 86 
NOW REDUCED TO 

59 

CHESS COMPUTER 

M A NY U NIT 

A RE C OVE RE D BY 

THE EX CLUSI VE 

SILI C A SH OP 2 YE AR G U AR A NTEE 

We carry a range of over 15 
different Chess computers 
Electronic Chess  £29 95 
Chess Traveller  I39 95 
Chess Challenger 7  179 0 0 
SenSOry 8  /119 00 
Sensory Voice  I259 00 
SPECIAL OFFERS 
V OICE CHESS CHALLE N GER 

Nor mal Price E245 NOW 1'135 00 
SARGON 25/BORIS 25 
Nor mal Price £273 70 N O W (1 99 95 

All ortees rnclude VA T 

SPEAK & SPELL 
Nor mal Price C49 95 

NOW REDUCED TO 

0 9.50 ar 
Teach  your child to 

spell  properly  with 

'his unique learning_.....  

aid  Fully  auto matic 

features and scoring 

Additional  w ord 

m odules available to 

extend the range of 

words 

EARTH
HAND H ELD GAMES INVADER 

These invaders are a breed of creature hrtherto 
unknown  to  man  They  cannot  be  killed try 
traditional methods  they most be buried The 
battle is conducted in a rei n where squads of 
aliens  chase  ho me troops the only way of 
eli minating the m is by 
digging  holes  and 
burying them 

3.95 i r 

HAND HELD GA MES 

GALAXY 
1000 

the 2nd generation Galaxy Invader The invaders 
have re grouped and have a seemingly endless 
supply of spacecraft whilst the player s arsenar is 

landed to lust 250 mrsmles to be launched from 3 
missrle Matrons YOu have to prevent the invaders 

id:Z dh;vnor% Xur  Ei9 95 
defences  roc 
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ADDING MACHINE 
OLYMPIA HHP 1010 

Nor mal Price (5 721 

N O W RE D UCE D TO 

Uses ordinary paper , 
No need to buy expensive 
ther mal paper , 

fast add listing PRINTER 
CALCULATOR 1 lines per 

second  10 dog'? capacity 
Uses  nor mal  adding 
machine rolls  Battery or 

mains operated 
Site 9' .".4st 52ti. 

Moons aaahra, ea". 

ATARI 
T.V. 
GAME 

The most popu at T V Game., 
the market with a range of over 

INVADERS with over 112 £ 9 5.45 
40 cartridges including SPACE 

games  on one cartridge  inc VAT 

SPACE INVADERS 
— 

Ot A Pi A Pt 
1/11,1 01111 ePlerl 

W itt  tt 

*tr. 

A h A 
'̀'01IM  1111Now 

Hand held Invaders Ga mes available ft 9.95 
• Invaders Cartridges available to fit 

AFAR! RAOOTIN ACETRONiC IntaiPS G7000 

• Cartridges also available for 

MATTEL IELENG ROWIRON 
DATABASE INTERI O N 

THE RADOFIN TELETEXT ADD-ON 
ADAPTOR 

Plug the adaptor into the aerial socket of N ut 

colour T V  and receive the CEEFAX and 
ORACLE television infor mation services 
THIS NEW MODEL INCORPORATES: 
Double height character facility 
True PAL Colour 
Meets latest N C Ai IBA broadcast specifications 
Push button channel change 
Unnecessary to re move the unit to watch nor mal 
TV program mes 
Gold plated circuit board for reliability 
New SUPERI MPOSE Ne ws Flash 

24 TUNE 
ELECTRONIC DOOR 

BELL 
Nor mal Price E1 9 70 
NOW REDUCED TO 

E  1  2  70 nc VAT 

Plays 24  different tunes 

with  separate  speed 

contr ol  and  volu me 

control  Select  the  most 

appropriate tune for your 

visitor  with  appropriate 

tunes for different times of 

the pearl 

THE OLYMPIA - POST OFFICE APPROVED 

TELEPHONE ANSWERING MACHINE 
WITH REMOTE CALL-IN BLEEPER 

This telephone ans wering machine is manufactured by Oly mpia Business M achines. one of the 

largest Office Equip ment manufacturers in the U K It is fully POST OFFICE APPR OVE D and will 

ans wer and record messages for 24 hours a day With your re mote call in bleeper you can receive 

these messages by telephone wherever you are in ihe world The re mote call-in bleeper activates the 

Ans wer Record Unit. which will at your co m mand repeat messages. keep or erase therm and is 

activated fro m any where in the world. or on your return to your ho me or office The machine canalsu 
be used for message referral. if you have an urgent appoint ment, but are expecting an important call 
Si mply record the 'phone nu mber  and location w here you can be reached With optional extra 

bleepers 1113 each) this facility can be 
extended to colleagues and me mbers of 

the fa mily Using a C90 standard cassette 
you can record as many as 45 messages 

The  announce ment  can  be  up  to  16 

seconds long and the inco ming message 

up to 30 seconds long 
The machine is easy to install and comes 
with full instructions It is easily wired to 

your Junction box with the spade connec 

tors provided or alternatively a lack plug 

can be provided to plug into a lack socket 

M ost important, of course is the fact that 

it is fully POST OFFICE APPR OVE D 

The price of f135 (Inc VAT) includes the 
machine,  an extra-light re mote call in 
Bleeper, the microphone m essage tape 
A  C  m ains  adaptor  The  unit  is 
V e"x6"x2'," and is fully guaranteed for 
12 m onths The telephone can be placed 

directly on the unit — no additional desk 

space is required 

£135 my VAT 

MATTEL T.V. GAME 

7 he most advanced I V ga me in the kyr,' id 20 
cartridges available Add Ei9  
on  on K EYBOARDvecr orning 

U.72 VAT So  to  con t  the 
MATTEL to a home computer with 16K RA M It " 

expandable and progra m mable in Microsoft Basic 
Other accessories will be available later ',he year 

PRESTEL 
VIEWDATA 

•••• • •••• itr .2801  • MY. 
ID•Ye 7.114 Mt. • M e re, 
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af aa -KOS wdue1Nee 
cove mwreser 114,00•10•101e  •••••'" 
Oulelretell INFONee0,100. Cemwerve Nero. . 
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Prestel 
The ACE TELC O M VDX1 000 Prestel Vie w 

data adaptor  si mply plugs into the aerial 

socket of your television and enables you to 

receive  th  e r Prestel  service in 

colour or black & w hole 

Features — 
Si mplified controls for quick easy operatic' 
Special graphics feature for high reSolution 

- State-of-the art microprocessor controller 
Standard re mote telephone keypad with Pr estel 
keys • a 

- Auto  drallet inc orporated  for easy  Pres., 
acquisition 

True PAL colour encoder using reliable IC 
chrome later and dela line incorporated for 
mini mu m picture interfer•nce mexi mu m 
fidelity 

Inciuees convenient TV — Prestet switchbox 
Easily connected to standard home or office 
telephone lines 
Fully Post Office approved 

FOR FREE BROCHURES -TEL: 01-301 1111 
or free illustrated brochure and reviews *now range of electronic gen*. Pee. telephone°, 
301 1, r r Free delivery service available to order by telephone please quote your name addmess 
and ACCESSSBARCLAVCARD number ene ma . the rest to vs Pop and mocking Fin of Charge 
Empress lehr chlorin, serous avairabie 
• CALLERS WELCOME  Demonstrations dairy ar our SKRuvr shoo one Rom gen, dem 
Monday Saturday !Forty Closing Thoretley per  Lace Opening ,nder elan. 

• 2 YEAR GUARANTEE  All goods are riover ed by a full year s guar entree and men, ere fuelher 
covered by our emciusive Sada Shoo 2 yew Guarantee 

• MONEY BACK UNDERTAKING  If you .. unsatisfied with your purchase and return a within 
7 days ow wilt give you a lull reurod 

• AFTER SALES SERVICE  Avarrabre on all me<flonel out or guarantee 
• COMPETITIVE PERCES  We are never kno wngly undersold 
' RELPEUL ADVICE  *madame on the suitability of each machme 
• CREDIT f ACREDES  Full credit facilities bv•PIAbly ore, 12 24 ca 26 munins at comp.ra. , 
does or were*, 

SILICA SHOP LIMITED 
1 4 The M e ws. Hatherley R oad. Sidcup, Kent DA14 4DX 

Telephone  01  301  11 11 or 01  309 111 1 
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• 320 big pag • •  data andeps cpatucrkeesdo7  i t h 

• over 5,500 items  • 

• 
. • •  • • 

Over 100.000 copies sold already! 
Don't miss out on your copy. 
On sale now in all branches 
WH Smith 44  price El. 

 s. Incase of difficulty check the coupon below 
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For personal service visit one of our stores. 
Our new store at Hammersmith is conveniently situated near the end 

of the M4 and the North and South Circular Roads. 
There is excellent street parking on meters a few steps away and 
Hammersmith Underground Station is nearby. Call in and see us soon. 
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CATLGrIJE • 

make it - . easy  , , , 
: with w-rvz - • • v, acvotee •  Kin 
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IP  •  Easy to build. 
• • • ° superb specification. 
Comparable with organs selling for 

up to £1.000. For full construction details 
refer to Electronics & Music Maker. 

rwor4piiurn ELECTRONIC SUPPLIES LTD 
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0 Same day service on in-stock lines 

Very large percentage of our stock lines in stock 
0 All prices include VAT 

0 Large range of all the most useful components 

* First class reply paid envelope with every order 

;:c Quality components—no rejects—no re-marks 

o Competitive prices 

* Your money is safe with a reputable company 

On price, service, stock, quality and security it makes 
sense now more than ever to make rnapun your 
first choice for components every time' 

1118 - - MI MI - MI M EM 

Post this coupon now. 
Please send me a copy of your 320 page catalogue I enclose £1 .25 
(incl. 25P P&p) If I am not completely satisfied I may return the 
catalogue to you and have my money refunded it you live outside the 
U I( send El 68 or 12 International Reply Coupons 

Name 

Address   

L HE881 ••=••••=immi•mm umm ummi• 
All mail to P.O. Box 3, Rayleigh, Essex SSG 8LR.  Tel: Southend (0702) 554155  Sales: (0702) 552911 


